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PREFACE

This Standard was prepared by Standards Australia Committee BD-002, Concrete
Structures, to supersede AS 3600—2009.

Objective of the Standard

which the finished structure can be assessed for conformance
requirements.

Statements expressed in mandatory terms in notes to tables a
of this Standard.

The terms ‘normative’ and ‘informative’ are used in 3
the appendices or annexes to which they apply. A
integral part of a Standard, whereas an ‘informative
information and guidance.

appendix or dnnex is only for
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STANDARDS AUSTRALIA

Australian Standard
Concrete structures

SECTION 1 SCOPE AND GENERA

1.1 SCOPE AND APPLICATION
1.1.1 Scope

nd construction of con

This Standard sets out minimum requirements for the design &

1

(a)

as main or secondary reinforcement in the form of welded wire
vire, bar and mesh in fitments; but

undergo large plastic deformation under strength limit state conditions.

OTE: The

\ se of Ductility Class L reinforcement is further limited by other clauses within
the Standard.

(d) Higher reinforcing steel grades >500 MPa to 800 MPa meeting the requirements of
Table 3.2.1. For ultimate limit states the strength of the reinforcement in design
models shall not be taken as greater than 600 MPa unless noted otherwise.

(e) Prestressing tendons conforming with AS/NZS 4672.1 and tested in accordance with
AS/NZS 4672.2.
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1.1.3 Exclusions

The requirements of this Standard shall not take precedence over design requirements and
material specifications set out in other Australian Standards that deal with specific types of
structures.

1.2 NORMATIVE REFERENCES

Normative documents referred to in this Standard are listed in Appendix A.

NOTE: Informative documents referred to in this Standard are listed in the Bibliography at the

end of this document.

1.3 EXISTING STRUCTURES

The general principles of this Standard shall be applied when evaluati
serviceability of an existing structure.

NOTE: Existing structures are likely to contain materials that’do not‘conform with the materia
specifications herein and may have been designed to different réquirements;\but the general

(a)
(b)
(c)
(d)

(p) Class of formwork in accordance with AS 3610 for the surface finish specified.

(@) The minimum period of time after placing of concrete before stripping of forms and
removal of shores.

(r) The location and details of planned construction and movement joints, and the
method to be used for their protection.
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1.5 CONSTRUCTION

All concrete structures, designed in accordance with this Standard, shall be constructed so
that all the requirements of the design, as contained in the drawings and specifications, are
achieved.

1.6 DEFINITIONS
1.6.1 General

For the purposes of this Standard, the definitions below apply.
1.6.2 Administrative definitions

1.6.2.1 Building authority or other relevant regulatory authority

the area in which the structure is to be constructed.

1.6.2.2 Drawings

1.6.3 Technical definitions
1.6.3.1 Action

Portion of ‘@"member in which the assumption that plane sections remain plane can be

applied.
1.6.3.8 Basic creep coefficient

Mean value of the ratio of final creep strain to elastic strain for a specimen loaded at
28 days under a constant stress of 0.4f, (see Clause 3.1.8.2).
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1.6.3.9 Bottle-shaped compression field
Compression field that is wider at mid-length than at its ends [see Figure 7.2.1(c)].
1.6.3.10 Braced column

Column in a structure for which the lateral actions, applied at the ends in the direction
under consideration, are resisted by components such as masonry infill panels, shearwalls
or lateral bracing.

1.6.3.11 Characteristic strength

Value of the material strength, as assessed by standard test, that is exceede
material (lower characteristic strength).

1.6.3.12 Closed fitment

135 degree hooks around a longitudinal bar.

1.6.3.13 Closed tie

1.6.3.14 Collector

1.6.3.15 Column strip
See Clause 6.1.4.1.

Mean value-of the ratio of creep strain to elastic strain under conditions of constant stress.
1.6.3.21 Critical opening

Opening through the thickness of a slab where an edge, or part of the edge, of the opening
is located at a clear distance of less than 2.5bh, from the critical shear perimeter
[see Figure 9.3(A)(b)].
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1.6.3.22 Critical shear perimeter

Perimeter defined by a line geometrically similar to the boundary of the effective area of a
support or concentrated load and located at a distance of dom/2 therefrom
[see Figure 9.3(A)].

1.6.3.23 Cross tie

An internal fitment with a single leg and minimum of 135 degree hook at one ¢
minimum of 90 degrees cog at the other end anchored around a longitudinal bar

1.6.3.24 Design life

Period for which a structure or a structural member is intended to remai
intended purpose with appropriate maintenance.

1.6.3.25 Design strip
See Clause 6.1.4.2.
1.6.3.26 Diaphragm

A horizontal or near horizontal concrete element such as a floor orroof ysed to transmit

1.6.3.27 Direct loading

Loading on a structure that includes t nt members and

externally applied loads.
1.6.3.28 Discontinuity
Abrupt change in geometry or loading, in¢
1.6.3.29 D-region
Portion of a member wi ber depth (D), from a discontinuity.
1.6.3.30 Duct

ssing tendon(s) for post-tensioned

Distance from the extreme compressive fibre of the concrete to the resultant tensile force in
the reinforcing steel and tendons in that zone, which will be tensile at the ultimate strength
condition of pure bending.
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1.6.3.35 Embedded items

Items, other than reinforcement and tendons, that are embedded in a concrete member or
structure.
NOTE: Embedded items include pipes and conduits with their associated fittings, sleeves,
permanent inserts for fixings and other purposes, prestressed anchorages, holding-down bolts and
other supports.

1.6.3.36 Exposure classification

Designation indicative of the most severe environment to which a concrete
subjected during its design life (see Table 4.3).

1.6.3.37 Fan-shaped compression field
Compression field that has non-parallel straight sides [see Figure

1.6.3.38 Fire resistance

Standard.

NOTE: For structures
is AS 1530.4.

1.6.3.41 Fire-

1.6.3.

Material “cast into concrete for the purpose of maintaining in position reinforcement,
tendons, ducts, formwork, inserts or a post fixed element or devices for lifting of members.

1.6.3.44 Flat plate

3 Fixing oF fastener or anchor or lifter

Flat slab without drop panels.
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1.6.3.45 Flat slab

Continuous two-way solid or ribbed slab, with or without drop-panels, having at least two
spans in each direction, supported internally by columns without beams and supported
externally by walls or columns with or without spandrel beams, or both.

1.6.3.46 Footing

Part of a structure in direct contact with and transmitting load to the supporting foundation.

1.6.3.47 Foundation

Soil, subsoil or rock, whether built-up or natural, by which a structure is supported.

1.6.3.48 Grout

Unit of reinforcement that is wound in a helical fashion around th€ main longitudinal
reinforcing bars in a column or pile restraining them from\buckling and to carry shear,
torsion and diagonal tension or around te pe to resist bursting action
effects.

1.6.3.51 Hollow-core slab or wall

Limiting condition at which the structure ceases to fulfil its intended function.

1.6.3.59 Loadbearing function

Ability of a structure or member to sustain specified actions during the fire.
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1.6.3.60 Loadbearing member

Member intended to support or transmit vertical loads additional to its own weight where
the design axial force at mid-height of the member is greater than 0.03 f 4, .

1.6.3.61 Mean strength

Statistical average of a number of test results representative of the strength of a
prototype or material.

1.6.3.62 Middle strip
See Clause 6.1.4.3.

1.6.3.63 Movement joint

Joint that is made between parts of a structure for the specific pu permitting

1.6.3.64 Node

Point in a joint in a strut-and-tie model where the axe ies and concentrated

forces acting on the joint intersect.
1.6.3.65 Nodal zone

Volume of concrete around a node, which is_assumed to transfer strut-a

the node.
1.6.3.66 One-way slab

d-tie forces through

Slab characterized by flexural action mainly in‘onédirection.
1.6.3.67 Plain concrete member

Member either unreinforced o t assunied to be unreinforced.

Steel bar,\wire/or mesh but not tendons.

NOTE: Commonly referred to as reinforcing steel.
1.6.3.74 Ribbed slab
Slab incorporating parallel ribs in one or two directions.
1.6.3.75 Shear wall

Wall that is intended to resist lateral forces acting in or parallel to the plane of the wall.
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1.6.3.76 Short column
Column in which the additional bending moments due to slenderness can be taken as zero.
1.6.3.77 Slender column

Column that does not satisfy the requirements for a short column.
1.6.3.78 Span support

See Clause 6.1.4.4.

1.6.3.79 Strength grade

Numerical value of the characteristic compressive strength of concrete at 28 days (
in design.

1.6.3.80 Structural adequacy (fire)
Ability of a member to maintain its structural function when €xposed to fire.
1.6.3.81 Strut-and-tie model
Truss model made up of struts and ties connected at nodes.
1.6.3.82 Tendon

Wire, strand or bar (or any discrete group of such wires, strands or bars) that is intended to
be pretensioned or post-tensioned.

1.6.3.83 Tie
Tension member in a strut-and-tie model)
1.6.3.84 Torsion strip

Strip of slab of width a, wh endicular to the direction of M
[see Figure 9.3(B)].

Strain\n the reinf

1.6.3.90

orcement at maximum stress, corresponding to the onset of necking.
Uppér characteristic strength

Value of the material strength, as assessed by standard test, which is exceeded by 5% of the
material.
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1.7 NOTATION

The symbols used in this Standard, including their definitions, are listed below.

Unless a contrary intention appears, the following applies:

(a)

(b)

(c)

(d)

Symb
Ay
Ab fit
Ac

The symbols used in this Standard shall have the meanings ascribed to them below,
with respect to the structure, or member, or condition to which a clause is applie

Where non-dimensional ratios are involved, both the numerator and denomjrator shall
be expressed in identical units.

unless noted otherwise.
An asterisk (*) placed after a symbol as a superscript (e:
action effect due to the design load.
ol Definition
= cross-sectional area of a reinforcing bar
= cross-sectional area of the fitment

point along its length
rut (see~Clauses 5.6.3 and

= smallest cross-sectional area of the concrete str
and measured normal to theline-of action of the
7.2.3); or

= cross-sectional area bound
Clause 10.7.3.3)

(see

cross~Sectional area of reinforcement in the zone that would be in tension
der the design loads if the effects of prestress and axial loads are ignored

cross-sectional area of shear reinforcement
= cross-sectional area of minimum shear reinforcement
= cross-sectional area of the bar forming a closed fitment

= area of a polygon with vertices at the centre of longitudinal bars at the corners
of the cross-section
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cross-sectional area of a transverse bar along a development or lap length
(see Clause 13.1.2.3)

cross-sectional area of the minimum transverse reinforcement along the
development length (see Clause 13.1.2.3)

a bearing area (see Clause 12.6)

largest area of the supporting surface that is geometrically simila
concentric with 4; (see Clause 12.6)

a distance; or

shear span, equal to the distance between the centroids of an applied load and

a support reaction in a structure (see Clause 7.2.4); or

d

perpendicular distance from the nearer support section\ under

consideration (see Clause 9.6); or

dimension of the critical shear perimeter measured parallel tg the direction of

M [see Figure 9.3(B)]
average axis distance (see Clause 5.2.1)

axis distance (see Clause 5.2.2)

effective width of a web for shear (see Clause 8.2.6)

width of the web; or

minimum thickness of the wall of a hollow section (see Clause 8.3.3)
cover to reinforcing steel or tendons

a dimension (in millimetres) corresponding to the smaller of the concrete
cover to a bar developing stress and half the clear distance to the next parallel
bar developing stress, as shown in Figure 13.1.2.2
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overall depth of a cross-section in the plane of bending; or
depth or breadth of the symmetrical prism as appropriate (see Clause 12.5.6)
overall depth of a spandrel beam

smaller column cross-sectional dimension if rectangular, or the column
diameter if circular (see Clause 10.7.4.3)

overall depth of a slab or drop panel

the member depth at the theoretical cut-off point or
(see Clause 8.1.11.1)

¢ccentricity of prestressing force or load; or
the base of Napierian logarithms
an additional eccentricity (see Clause 11.5.1)

total vertical component of the external load carried through the shear span
(see Clause 12.2.1)

103773_AS 3600_Public Comment.doc - 17/08/2017 16:20:03



DRAFT ONLY

Fq

Fd.ef

fem
j[cmi

Je
fer
Seur
Jetsp
Jev
fob
Joy

Srefr

fsi
Ssy

20 DRAFT ONLY

uniformly distributed design load, factored for strength or serviceability, as
appropriate

effective design service load per unit length or area, used in serviceability
design

mean value of cylinder strength (see Clause 3.1.1.2)

mean value of the in situ compressive strength of concrete at the re¢
(see Clause 3.1.1.2 and Table 3.1.2)

mean compressive strength of concrete at transfer

uniaxial tensile strength of concrete (see Clause 3.1.1.3)

average confining pressure on the core cross-se
fitments (see Clause 10.7.3.3)

Clause 10.7.3.3)

stress in reinforcement in the i

characteristic yield strength R. in

tensile strength of concrete at 28 days (see

newtons per millimetre (N/mm) (see Clause 8.4.3)
oor-to-floor unsupported height of a wall
effective height of a wall

overall depth of a joint (see Clause 10.8)

flange thickness of a ribbed slab

second moment of area of the uncracked concrete cross-section about the
centroidal axis
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second moment of area of a column

second moment of area of a cracked section with the reinforcement
transformed to an equivalent area of concrete

an effective second moment of area (see Clause 8.5.3)

maximum effective second moment of area (see Clause 8.5.3)

second moment of area of a flexural member
a torsional modulus

time after prestressing, in days (see Clause 3.3.4.3)

lap splice length (see Clause 13.1.2.3)
a coefficient, ratio or factor used with and wit
cohesion coefficient (see Clause 8.4.3)

factor used in serviceability design to take No g-term effects of
creep and shrinkage

effectiveness factor accounting

L mirius 0.7 times the sum of the values of as,, at each end of the span (see
ause 6.10.4.2)

smaller value of L, for adjoining spans (see Clause 6.10.4.5)
development length of tendons

length of the tendon from the jacking end to a point at a distance ‘a’ from that
end (see Clause 3.4.2.4)

transmission length for pretensioned tendons

span between formwork supports (see Clause 17.6.2.4)
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Ly = development length of a bar for a compressive stress less than the yield stress
Ly = development length of a bar for a tensile stress less than the yield stress
Lgy.c = development length in compression, being the length of embedment required

to develop the yield strength of a deformed bar in compression
(see Clause 13.1.5.1)

Ly cb = basic development length of a deformed bar
(see Clause 13.1.5.2)

Ly = development length in tension, to develop the characteristic

Ly t1ap = the tensile lap Ilength for
(see Clause 13.2.2)

Lsy 1 =

Ly = width of a design strip [see Figure 6.1.4(A)

Ly = unsupported length of a column, taken a
of members capable of prov1d1ng lateral support to'th
capital or haunch

Ly = overall length of a wall

v -

Iy =

Ix =

ly =

lo.si =

M =

M =

section based on the short-term

ent at the serviceability limit state, calculated with
8.6.1 and 9.4.1)

positive design bending moment, at midspan in a slab, in the x and y direction
respectively

Ml* M, smaller and larger design bending moment respectively at the ends of a
column

M. = moment used in the calculation of the buckling load (N.) (see Clause 10.4.4)

My = bending moment at time ¢ causing cracking of the section with due
consideration to prestress, restrained shrinkage and temperature stresses

M, = total static moment in a span (see Clause 6.10.4.2); or
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M, = ultimate strength in bending at a cross-section of an eccentrically loaded
compressive member

My = particular ultimate strength in bending when &y, = 0.003/(0.003 + f5, / E;)
Mo = ultimate strength in bending, without axial force, at a cross-section
(Muo)min = minimum required strength in bending at a critical cross~sestion

(see Clause 8.1.6.1)

My, Myy = ultimate strength in bending about the major and minor axes res
column under the design axial force N*

m = number of fitments legs crossing the confinement plane
N = axial compressive or tensile force on a cross-section
N; = design axial load in the fire situation (see Clausg

N = buckling load used in column design

Ny = ultimate strength in compression, or< tensio

Nup = particular ultimate strength
kuo = 0.003/(0.003 + f5y/E;

Nuo = ultimate strength in co
cross-section

Nuot = ultimate strength in tensiqn, an axially loaded

cross-section

around helical reinforcement

longitydinal bars (see Clauses 10.7.3.3

a reinforcement ratio in a wall; or

¢b reinforcement ratio for tensile reinforcement (see Clause 8.5.3.1)

0 = imposed action (live load) including impact, if any

q = imposed action (live load) per unit length or area

R = design relaxation of a tendon, determined in accordance with Clause 3.3.4.3
Ry = basic relaxation of a tendon, determined in accordance with Clause 3.3.4.2
R4 = design capacity of a member or structure (equal to @Ry Or @sys. Ru.sys)
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ultimate strength of a member (see Clause 2.2)
mean capacity of the structure (see Clause 2.2.5)
radius of gyration of a cross-section

structural performance factor (see Clause 14.3)

clear distance between bars
(see Figure 13.2.2)

13.2.2)
a temperature; or

force resultant of transvers

of topping or flange anchored by shear reinforcement

pothetical thickness of a member used in determining creep and shrinkage,
taken-as 24./u.

ominal thickness of topping applied (see Clause 5.8.2)
thickness of a wall
length of the critical shear perimeter (see Clause 9.3.1.5)

exposed perimeter of a member cross-section plus half the perimeter of any
closed voids contained therein, used to calculate #,

design shear force at a cross-section
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shear force which would occur at a section when the bending moment at that
section was equal to the decompression moment M,

ultimate shear strength
ultimate shear strength limited by web crushing failure

ultimate shear strength excluding shear reinforcement (see Clause 8.2.3

ultimate shear strength of a slab with no moment transfer (see Clause 9.3.3

or wall (see Clauses 8.2.3 and 11.6.4)

average clear spacing between adjacent
(see Clause 10.7.3.3); or

width of loaded area (see Figure 12.2.1) or node
a dimension [see Figure 9.3(A)]
shorter overall dimension of a rectangular

a dimension [see Figure 9.3(A)]

projection of the inclined
(see Clause 7.2.4); or

internal mome

supprted on four sides (see Clause 6.10.3.2)

effective compression strength factor (see Clause 2.2.3); or
fixity factor (see Clause 10.5.4); or

a ratio (see Clauses 8.4.2 and 8.5.3.1); or

a factor with or without alphanumeric subscripts (see Clause 8.2.7)
a factor (see Clause 10.4.3)

a ratio (see Clause 9.3.1.5)
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factor to account for the effect of the anchorage of ties on the effective
compressive strength of a nodal zone (see Clause 7.4.2)

an estimate, in radians per metre (rad/m), of the angular deviation due to
wobble effects (see Clause 3.4.2.4)

strut efficiency factor (see Clause 7.2.2)

short and long span bending moment coefficients respectively, for slabs

supported on four sides (see Clause 6.10.3.2)

column end restraint coefficients, determined
Clause 10.5.3

angle between the axis of a strut and the
reinforcement crossing that strut (see Clause

a deflection

change in the stress due to the change i C stressed tie (see
Clause 7.3.2)

moment magnifiers for slende

a strain

ordance with Clause 3.1.7.2
accordance with Clause 3.1.7.2

determined in accordance with

ined in accordance with Clause 3.1.7.2

basic shrinkageé strain, determined in accordance with

axits of the member (see Clause 8.2.3.3)

a factor being 1.0 for normal concrete and 0,75 for lightweight concrete
a ratio of loads (see Clause 10.4.3)

friction curvature coefficient (see Clause 3.4.2.4); or

coefficient of friction (see Clause 8.4.3); or

structural ductility factor (see Appendix C)

Poisson’s ratio for concrete, determined in accordance with Clause 3.1.5
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density of concrete, in kilograms per cubic metre (kg/m’), determined in
accordance with Clause 3.1.3

transverse compressive pressure, in megapascals, at the ultimate limit state
along the development length perpendicular to the plane of splitting (see
Clause 13.1.2.3)

volumetric ratio of the fitments relative to the volume of the
Clause 10.7.3.3)

average intensity of effective prestress in concrete

maximum shrinkage-induced tensile stress on
extreme fibre at which cracking occurs (see C

stress in the tendon at a distance ‘a’, jdcking end (see
Clause 3.4.2.4)

maximum stress that would
flexural member

reduction factor for design using linear stress analysis (see
Clauseé 2.2.3)

sttength reduction factor for design using strut-and-tie analysis (see
Clause 2.2.4)

system strength reduction factor for design using non-linear methods of
analysis (see Clauses 2.2.5 and 2.2.6)

design creep coefficient at any time ¢ (see Clause 3.1.8.3)

final design creep coefficient (see Clause 3.1.8.3)
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basic creep coefficient of concrete, determined in accordance with
Clause 3.1.8.2

factor for reduction of imposed (live) floor loads due to area (refer to
AS/NZS 1170.1)

combination imposed action (live load) factor used in assessing the design
load for strength (refer to AS/NZS 1170.0)

short-term imposed action (live load) factor used in assessing the
for serviceability (refer to AS/NZS 1170.0)

long-term imposed action (live load) factor used in assessing the desig
for serviceability (refer to AS/NZS 1170.0)

design foad

dimension of node [see Figure 7.2.4(A)]

number of longitudinal bars being developed or spliced at which a potenti

splitting crack can develop (see Table 13.1.2.3

number of fitment bars within longitudinal’spacing or pitch s
splitting crack has to cross (see Table 13/1.2.

fatigue damage factor

can be

maximum tension stress

maximum compression stress

fatigue strength capacity reduction factor for concrete
fatigue strength capacity reduction factor for steel

factor for stress gradient for concrete in the compression zone of a cracked
section
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factor which increases the stress in the reinforcing steel due to differences in
bond behaviour between prestressing and reinforcing steel

minimum compressive stress within a distance of 300 mm from the surface
under the relevant load combination of actions

maximum compressive stress within a distance of 300 mm from the surface

under the same load combination as that for which o, was determin

maximum compressive stress at the extreme fibre under
compression measured positive, yr [G, P, O fat]

as zero if tensile, yr[{G, P, ws O},Ofa]

maximum nominal steel stress range under the a
steel

resisting stress range relevant to ns cycles
fatigue strength function
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SECTION 2 DESIGN PROCEDURES,
ACTIONS AND LOADS

2.1 DESIGN PROCEDURES

2.1.1 Design for strength and serviceability

Concrete structures shall be designed for ultimate strength and serviceability limit states in
accordance with the general principles and procedures for design as set{out in
AS/NZS 1170.0 and the specific requirements of Clauses 2.2 and 2.3.

in accordance with Appendix B.

2.1.2 Design for earthquake actions

Where structures are required by AS 1170.4 to be designed forearthquake actions they shall

conform with that Standard, this Standard and the prowisions of Secti f this Standard.
Reinforcement shall be detailed to provide the structure with the” assumed ductility when
determining the static earthquake load for the structure to be sist the remainder of

the earthquake loading inelastically.

NOTE: Linear elastic models may generally be used, and reinforced concrete in tension is
considered to be cracked. The ratio of moduli of elasticity for steel and concrete may be taken as
EJE.=10.
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2.1.6 Material properties
The properties of materials used in the design shall be in accordance with Section 3.

When evaluating the behaviour of a concrete structure, member or cross-section, the values
of concrete properties used in the calculation shall be appropriate to the age of the concrete,
rate of loading and expected variations of material properties.

2.2 DESIGN FOR STRENGTH
2.2.1 General

()

.2.2.2

Linear elastic analysis incorporating secondary bending moments due to lateral
joint displacement in accordance with Clause 6.3.

(C) One of the simplified methods of analysis in accordance with Clauses 6.9
and 6.10.

(D) Equilibrium analysis of a statically determinate structure.
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TABLE 2.2.2
CAPACITY REDUCTION FACTORS (¢)

Type of action effect Capacity reduction factor (¢)

(a) Axial force without bending:
(i) Tension

(A) members with Class N reinforcement
and/or tendons

(B) members with Class L reinforcement

(ii) Compression

(b)  Bending without axial tension or compression—

(i)  for members with Class N reinforcement 0.65 £°(1.24 -"13kuo/12) < 0.85
and/or tendons

(i) for members with Class L reinforcement 0.65

(c) Bending with axial tension—

(i)  for members with Class N reinforcement
and/or tendons

(i) for members with Class L reinforc}@ent

(d)  Bending with axial compression, where—
() Nu= Nuw
(i) Nu<DNuw

(e) Shear and Torsion

fitments a 0.75
ents of

2.2.3 Strength'check procedure for use with linear elastic stress analysis

The strength check procedure for use with a linear elastic stress analysis of a structure or
member shall be made as follows:

(a) The structure or member shall be analysed for the critical combination of factored
actions, as specified in AS/NZS 1170.0 and Clause 2.4, by linear stress analysis, in
accordance with Clause 6.4, assuming the concrete to be uncracked, and using
accepted principles of mechanics.
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(b) The calculated principal compressive stresses shall not exceed the following value:

¢, BO9f! ...223

where

@s = stress reduction factor with values taken from Table 2.2.3

f = an effective compressive strength factor, to be evaluated as follo

(i) Inregions not containing effective confining reinforcement—

B = 1.0 when the principal tensile stress does not exceed
£=0.6

(i1)) In regions where effective confining reinforcement j
(c) Reinforcement and/or tendons shall be provided to
(d) In determining the areas of steel reinforcement, it shall be*permis

(e) The stress development of the

STRESS REDUCTION FA TOlN@)

Stress reduction factor
Material
/\\ /y(i)

Concrete iincompression 0.65

0.85

> 0.65
0.85

that strut’determined in accordance with Clause 7.2.3. The strength reduction factor
(¢s) to be used in determining the design strength shall be in accordance with
Table 2.2.4.

(d) The tensile force in any tie shall not exceed the design strength of the tie determined
in accordance with Clause 7.3.2 where the strength reduction factor (¢s) is given in
Table 2.2.4.

(e) The reinforcement and/or tendons in the ties shall be anchored in accordance with
Clause 7.3.3.
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(f)  The design strength of nodes shall be calculated in accordance with Clause 7.4.2 and
shall not be exceeded. The strength reduction factor (@) shall be in accordance with
Table 2.2.4.

(g) Tie reinforcement shall be provided by Class N reinforcement or tendons.
TABLE 2.2.4

STRENGTH REDUCTION FACTORS (¢) FOR
DESIGN USING STRUT-AND-TIE ANALYSIS

Material Strength reduction factor (g)

Concrete in compression 0.65

Steel in tension 0.85

2.2.5 Strength check procedure for use with non-linear analysis of framed structures

The strength check procedure for use with non-linear anmalysis ©0f framed structures
collapse shall be carried out as follows:

(a) It shall be confirmed that the design capacity Qf the structure/is equal to or greater

than the design action effect—
Ra> Eq .2.2.5
where

R4 = design capacity of th¢ structure

Eq = design action effect

sombination of> factored actions as

(b)

r application with Clauses 2.2.5 and 2.2.6)

System strength reduction
Type of failure factor (dhys)

For structural systems in which the deflections and local
eformations at high oveerload are an order of magnitude greater

those for s¢rvice conditions; and yielding of the reinforcement 0.7
the tendon occurs well before the peak load is reached
hef cases 0.5 (see Note)

NOTE: Larger values than 0.5 may be used if it can be shown that, at high overload, adequate
warning is given of impending collapse.

2.2.6 Strength check procedure for use with non-linear stress analysis

The strength check procedure for use with non-linear stress analysis at collapse shall be
carried out as follows:

(a) It shall be confirmed that the design capacity of the structure or the component
member is equal to or greater than the design action effect—
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(b)

(c)

2.3 DESIGN FOR SERVICEABILITY
2.3.1 General

Design checks shall be carried out for all appropriate
structure will perform in a manner appropriate for its intended

NOTE: Design limits given or implied in €

Ra>Eq ...2.2.6
where
Rgq = design capacity of the structure or component

Eq = design action effect on the structure or the design action effects for a
component

action effects) as specified in AS/NZS 1170.0 and Clause 2.4.

The design capacity of the structure (or component) (Rdq = @sys Ru.sys
using the approprlate system strength reduction factor (¢sys) glv

specified in Clause 6.6, with mean values of material pro ertie ’

service conditions to ensure the
function and purpose.

uses 2.3.2 and 2.3.3™are based on previous design

be chosen and shall be
e chosen value shall be not greater
iate deflection-to-span ratio given in
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TABLE 2.3.2

LIMITS FOR CALCULATED VERTICAL DEFLECTIONS
OF BEAMS AND SLABS

DRAFT ONLY

Deflection to be

Deflection limitation (A/Ler)

Deflection limitation

Type of member . for spans (A/Ler) for cantilevers
considered (Notes 1 and 2) (Note 4)
All members The total deflection 1/250 1/%

Members supporting
masonry partitions

The deflection that
occurs after the
addition or attachment
of the partitions

1/500 where provision is made
to minimize the effect of
movement, otherwise 1/1000

1/250 whefte provision is

Members supporting
other brittle finishes

The deflection that
occurs after the
addition or attachment
of the finish

Manufacturer’s specification
but not more than 1/500

ore

Members subjected | The imposed action 1/80 1/400
to vehicular or (live load and dynamic

pedestrian traffic impact) deflection

Transfer members Total deflection 1/500 where provision is made 1/250

to minimize the effect o
ction of the transfer

NOTES:

The requirem

In general, deflection limits should be ap

This includes, but is not

efits for cracking set out in Clause 2.3.3.1 shall be deemed to be satisfied by

designing the structure and members to conform to the following requirements:

(a)

Flexural cracking in concrete beams and slabs under service conditions shall be

controlled in accordance with Clauses 8.6, 9.5.1, 9.5.2, 9.5.4 or 9.5.5, as appropriate.

(b)

accordance with Clause 9.5.3.

Cracking caused by shrinkage and temperature in concrete slabs shall be controlled in

103773_AS 3600_Public Comment.doc - 17/08/2017 16:20:03



DRAFT ONLY 37 DRAFT ONLY

(c) Cracking in concrete walls under service conditions shall be controlled in accordance
with Clause 11.7.2.

(d) Cracking in D-regions under service conditions shall be controlled in accordance with
Clause 12.7.

(e) Pre-hardening cracking shall be controlled by appropriate specification and
construction measures so that the durability, serviceability and/or the behaviout of the
structure or member is not adversely affected.

2.3.4 Vibration

Vibration in concrete structures and members shall be controlled so tha
and structural performance are not adversely affected.

the serviceability

2.4 DESIGN FOR FATIGUE

The fatigue strength check procedure shall be undertaken a$ outlined in Clause 2.1.5 an

the following:

(a) It shall be confirmed that the design fatigue capacity i

equal to or greater than the
foreseen number of cyclic design action effec i

for all\critical cross-sections and

regions—
For E4 < R4 ... 240
nee <N ...242)
where

Eq = design action effect

R4 = design capacity

TABLE 2.4

STRENGTH REDUCTION FACTORS
FOR FATIGUE

Material Strength reduction factor

Concrete (¢, fat) 0.65
Steel (¢, fat) 0.85
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2.5 ACTIONS AND COMBINATIONS OF ACTIONS

2.5.1 Actions and loads

The minimum actions and loads used in the design shall be those set out in AS/NZS 1170.0.
2.5.2 Combinations of actions and loads

2.5.2.1 General

given in Clauses 2.5.2.2 and 2.5.2.3, respectively.

2.5.2.2 Additional combinations for prestressed members

(a) For the case of permanent action plus prestressing force at fransfer, when the more

severe of—
1.15G + 1.15P; and
0.9G + 1.15P

shall be used.
NOTE: See also Clause 6.2.6.

(b)

where V.

min

sed in checking the stresses or the stress
are calculated in accordance with the load

ABLE 2.5.2.3(A)
('E LOAD COMBINATIONS

The ma%imum\design stress range in the steel Ao | Eq = yr[Ofat]
The ;%imu?/and minimum concrete design Ea=yr[{G, »P, ys O},0rat]

compressive gtress Omax, Omin

¢ maximum design tensile stress in plain Ea=ye[{G, ypP, ws O},0Orat]
concreté Omax

The combingtions in the brackets {G,y,P,wsQ} represent the most adverse combination of
permanent and non-cyclic service level actions acting with the fatigue design action QOra:.
The fatigue design action Qg to be used shall be the load level determined for the design
situation.

The representative values factor for prestress y, for the fatigue load combinations shall be
determined in accordance with Table 2.5.2.3(B).
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TABLE 2.5.2.3(B)
REPRESENTATIVE VALUES FOR PRESTRESS

Tendon description Increases Decreases
safety safety
Pre-tensioning or unbonded tendons 0.95 1.05

Post-tensioning with bonded tendons 0.90 1.10

When appropriate measures are taken 1.0 1.0
(e.g. direct measurements of pre-tensioning)

The load factor yr for the fatigue load combinations shall be taken
analysis is sufficiently accurate or conservative, and can be verified
yr may be reduced to yr = 1.0.

2.5.3 Construction effects

ee-dimensional framed structures and floor systems, patterned variations
the factored imposed action (live load) shall be applied in chequerboard
atrangements, including the principles of Items (A), (B) and (C) of Item (i)
above, to determine the peak design action effects at each critical section.

(iii) Notwithstanding Items (i) and (ii), for beams and slabs at the strength limit
state, for which the imposed action (live load) (Q) is less than three-quarters of
the permanent action (dead load) (G), the factored imposed action (live load) on
all spans.
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NOTE: The load arrangements listed are the minimum to be considered for design. In particular,
for deflection or vibration-sensitive structures and slender floor systems, additional load
arrangements need to be considered.

7
S
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SECTION 3 DESIGN PROPERTIES OF
MATERTIALS

3.1 PROPERTIES OF CONCRETE
3.1.1 Strength

3.1.1.1 Characteristic compressive strength

The characteristic compressive strength of concrete at 28 days ( fc’) shall be

(a) taken as equal to the specified strength grade, provided the appropfiate
ensured and that the concrete complies with AS 1379; or

curing\is

(b) determined statistically from compressive strength test§ carried out in accorda

with AS 1012.9.

The characteristic compressive strengths of the standard strength grades
25 MPa, 32 MPa, 40 MPa, 50 MPa, 65 MPa, 80 MPa dnd 100 MPa.

are 20 MPa,

3.1.1.2 Mean in situ compressive strength

In the absence of more accurate data, the mean value of the in situ‘compressive strength
(femi) shall be taken as 90% of the mean vatue ,) or shall be taken
as those given in Table 3.1.2.

3.1.1.3 Tensile strength

The uniaxial tensile strength (fc) is the s that concrete can withstand when

subjected to uniaxial tension.

The uniaxial tensile streneg

fi:=0.6{f} and

(a) taken as equal to—

(1) (pl'5 )>< (0.043 Somi ) (in megapascals) when femi < 40 MPa; or

(i) (pl's)x (0.024 Semi T 0.12) (in megapascals) when fcmi > 40 MPa,

consideration being given to the fact that this value has a range of £20%;
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(b) determined by test in accordance with AS 1012.17; and
(c) for Standard strength grades at 28 days determined from Table 3.1.2.

TABLE 3.1.2
CONCRETE PROPERTIES AT 28 DAYS

f{ (MPa) 20 25 32 40 50 65 80 100
Sfemi (MPa) 22 28 35 43 53 68 82 9/9/
E. (MPa) 24 000 | 26 700 30 100 | 32800 34 800 37 400 39)5({0 42 §Q0

3.1.3 Density

The density of concrete (p) shall be determined by test i
AS 1012.12.1 or AS 1012.12.2. For normal-weight concrete,
2400 kg/m*

3.1.4 Stress-strain curves
The stress-strain curve for concrete shall be either—
(a) assumed to be of curvilinear form defined by recognized simplified’equations; or
(b) determined from suitable test data.

For design purposes, the shape of the in/situ untaxi ive train curve shall

3.1.5 Poisson’s ratio
Poisson’s ratio for concrete (v) shall be either—
(a) taken as equal to 0

(b) determined by test in accordance with AS 1012.{7.

by.calculation in accordance with Clause 3.1.7.2.
3.1.7.2 Design shrinkage strain

When the design shrinkage strain of concrete (&s) is to be calculated, it shall be determined
as the sum of the chemical (autogenous) shrinkage strain (&s.) and the drying shrinkage
strain (&sd)—

E=E.o TE

cs cse csd

L .3.1.7.2(1)
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The autogenous shrinkage strain shall be taken as—
Eue = b0 X (1.0-"") ..3.1.7.2(2)

where ¢ is the time (in days) after setting and g;e is the final autogenous shrinkage strain
given by—

For f! >50 MPag., =(0.07f/~0.5)x50x10™

For /! >50MPac,, =(0.08//—1.0)x50x10°°

be taken as—

Ecsa =k kg€ sy

near-coastal environment.
The basic drying shrinkage strain (&sd.b) iS given by—

Eusgp = (0.9 = 0.005 1) x800x10* 6

the combined shrinkage from other causes. Therefore, it is important to prevent ¢
of concrete between the commencement of castihg and the application of curing’at the completion
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1.8
th=50 mm
1.6
oy tO° th =100 — |
= h= mm

ki = tosy o1ty — |
14 i i

o= 0.8+ 1280005k

th =200 Mmm

1.2

Where t is in days
1.0

3 \94400 m
0.8
0.6
0.4
0.2 /
0 — 1 —
1 10 30
YEARS
TIME SINCE COMMENCEMENT OF DRYING, t
FIGURE 3.1/7. : (k1) FOR VARIOUS VALUES OF t»

/WNC{L FINAL DESIGN SHRINKAGE STRAINS AFTER 30 YEARS

Final design shrinkage strain S:S (X 10_6)

\/ Temperate inland Tropical, near-coastal
fi Arid enxironment Interior environment P and coastal

environment .
environment

th (m}n) ) th (mm) th (mm) th (mm)

0 | 1001200 [/400 | 50 | 100 | 200 | 400 | 50 | 100 | 200 | 400 | 50 | 100 | 200 |400
5& 810 \/7{0 59/0/ 470 | 760 | 670 | 550 | 440 | 710 | 630 | 520 | 410 | 600 | 530 | 440 [350
32 800 | 720,17 590 | 470 | 750 | 670 | 560 | 440 | 700 | 630 | 520 | 420 | 600 | 540 | 450 | 360
40 79\0\ 10 | 590 | 480 | 740 | 670 | 560 | 450 | 700 | 620 | 530 | 430 | 600 | 540 | 460 | 380
50 780 | 700 | 590 | 490 | 730 | 660 | 560 | 460 | 690 | 620 | 530 | 440 | 600 | 540 | 470 | 390
65 770 | 700 | 600 | 510 | 730 | 660 | 570 | 490 | 690 | 630 | 550 | 470 | 610 | 560 | 490 |420
80 750 | 690 | 610 | 530 | 720 | 660 | 590 | 510 | 680 | 630 | 560 | 490 | 620 | 570 | 510 | 460

100 740 | 690 | 620 | 560 | 710 | 660 | 600 | 540 | 680 | 640 | 580 | 530 | 630 | 590 | 540 | 500
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3.1.8 Creep
3.1.8.1 General

The creep strain at any time (¢) caused by a constant sustained stress (o,) shall be calculated
from—

8.1

€cc =PcecOo /Ec

where

E. = mean modulus of elasticity of the concrete at 28 days

in ~accordance  with

design creep coefficient at time () determined
Clause 3.1.8.3

(3

3.1.8.2 Basic creep coefficient

shall be—
(a) determined from measurements on similar local ¢
(b) determined by tests in accordance with AS 1012.16; er

(c) taken as the value given in Table 3.1.8.2.

TABLE 3.1.8.
BASIC C EEPWICE
Characteristic strength (f7), MPa | 20 |\ 25 | 32 { 40 | 50 5 | 80 | 100

Basic creep coefficient (@,b)\

3.1.8.3 Design creep’coefficient

n arid environment, 0.65 for an interior environment, 0.60 for a
temperate |inland environment and 0.50 for a tropical or near-coastal
environment

4 modification factor for high strength concrete, which shall be taken as—
1.0 when f/ <50 MPa; or
ks = (2.0 - a3)—0.02(1.0 — a3) f  when 50 MPa < f < 100 MPa

the factor oz = 0.7/(ks2); and o is defined in Figure 3.1.8.3

ks accounts for the non-linear creep that develops at sustained stress levels in
excess of 0.45fcmi:
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ke = 1.0 when o, £0.45 fomi

ke = 61‘5[ﬁ’°'45] when o, >0.45 fomi
Consideration shall be given to the fact that ¢.. has a range of approximately £30%. This
range is likely to be exceeded if the concrete member is subjected to prolonged perieds of
temperature in excess of 25°C.

The final design creep coefficients (go;) (after 30 years) predicted by this” methed for

in Table 3.1.8.3.

NOTE: The compressive stress in concrete caused by the permanent effé
should not exceed 0.45fcmi.

1.8

1.6

ot 0.8

T 08, 0.15¢,
14 i - /|

)

&= 1.0 + 1126 9008

% fh=\29 mm
1.2
Where tis in days )\ ><
) A

th= 400 mm

=

0.8 7

/
/-
e

0.6

/
/-
-

10 30 100 1 3 10 30

DAYS YEARS
TIME AFTER LOADING, t

FIGURE 3.1.8.3 COEFFICIENT (k2)
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TABLE 3.1.8.3

FINAL CREEP COEFFICIENTS (AFTER 30 YEARS) FOR CONCRETE
FIRST LOADED AT 28 DAYS

Final creep coefficient (¢:c)

1! Arid environment Interior Temperate inland
¢ environment environment
(MPa)
th (mm) th (mm) th (mm)

100 200 400 100 200 400 100 200 400
25 4.82 390 | 3.27 | 448 | 3.62 | 3.03 | 4.13 | 3.34 2‘80<
32 3.90 3.15 | 2.64 | 3.62 | 293 | 2.46 | 3.34 | 2.70 /.{.27
40 3.21 2.60 | 2.18 | 298 | 2.41 | 2.02 | 2.75 2.;/3/ 1.8/7/
50 2.75 223 | 1.89 | 2.56 | 2.07 | 1.73 | 2.36 [[1.91 /(.60
65 2.07 1.75 | 1.53 | 1.95 | 1.66 | 1.46 1;%( 1.5/ 1.38
80 1.56 1.40 | 1.29 | 1.50 | 1.36 | 1.25 1>\5\ 1.32 1%{

100 1.15 1.14 | 1.11 1.15 | 1.14 | 1.11 1.15 \L.14 1.11

3.2 PROPERTIES OF REINFORCE
3.2.1 Strength and ductility

For the purposes of design, the characteristic einforcement (fsy) shall be
taken as not greater than the value specified 3 ~ he, appropriate type of
reinforcement (see also Clause 17.2.1.1).
The ductility of the re d by its uniform strain (&,) and
tensile-to-yield stress‘tatio and designated as low (L) or normal (N) Ductility Class as given
in Table 3.2.1. Fo design, values of\these parameters for each Ductility
Class shall con
NOTE: In AS/NZS 4671, &, is'referred to as™4 ressed as a percentage, and fsy is referred to
as Re.
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TABLE 3.2.1
YIELD STRENGTH AND DUCTILITY CLASS OF REINFORCEMENT

Reinforcement Characteristic | Characteristic -
. R .| Ductility
yield strength | uniform strain

Type Designation grade (fo) MPa (&) Class
Bar plain to AS/NZS 4671 R250N 250 0.05 N
DS5O0O0L (fitments only) 500 0.015 L

Bar deformed to AS/NZS 4671 D500N 500 0.05

Welded mesh, plain, deformed or D500L 500 0-0/1/{ \Q
indented to AS/NZS 4671 DS00N 500 /{ 05 N

NOTES:

1

3.2.2 Modulus of €lastici

Reference should be made to AS/NZS 4671 for explanation to designations’applying to 500"MPa
steels.

For higher reinforcing steel grades permitted in Clause 1.1.2(d) the following characteristic properties

shall be met:

(a) The following limits for the chemical compositiofi determined by cast analysis shall not be

exceeded:
(1) Carbon — 0.33%, Phosphorus — 0.050%, Sulphur -~Q.050%.
(i1) The carbon equivalent value shall not exceed 0.49.

(b) The maximum yield strength does/no

150 MPa.
(c) For steels:
(1) >500 MPa — 700 MPa: unifoym elo i ilecto-yield stress ratio
Rm/Re 2 1.08.
(i1) >700 MPa — 800 MPa: uniform\elonga sile-to-yield stress ratio
Ru/Re > 1.04
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3.3 PROPERTIES OF TENDONS
3.3.1 Strength
The following applies:

(a) The characteristic minimum breaking strength (f;,) for commonly used tendons shall
be as specified in Table 3.3.1. For tendons of dimensions not covered in Clayse 3.3,
refer to AS/NZS 4672.1.

(b) The yield strength of tendons (fyy) shall be taken either as the 0.1% proof stress as
specified in AS/NZS 4672.1, or determined by test data. In the absenee of test data it
shall be taken as follows:

(i)  For wire used in the as-drawn condition ..............ccoeeeeeinnannnnnn NG
(i)  For stress-relieved Wire .......ccocoeevveeeiiiiiiieeriiiieeeeeiee e N e
(ii1) For all grades of strand...............ceeeevriiiiiiiiiiiine e sl
(iv) For hot-rolled bars (super grade) .........ccccceeestleneeeee o ploniiinnne s e Nennnnnn
(v)  For hot-rolled ribbed bars..........ccooeeeeeei S N eeee o,

TABLE 3.3.1

TENSILE STRENGTH OF COMWY USED WIR D AND BAR
. Characteris}l\x\ i‘l}::‘lracteristic
Nominal e . o .
. ea minimum breaking | minimum breaking
Material type and Standard diameter AJ\\ \.m%d\ strength (fpn)

mm mm\\ kN MPa

As-drawn wire, 5.0 19.6 34 1700
AS/NZS 4672.1 0 38.5 64.3 1670

Stress-relieved wire, 5.0 19.9 33.8 1700
AS/NZS 4672.1 7.0 38) 64.3 1670
7 wire ordinary strand, .5 - 55.0 102 1850
AS/NZS 46721 2.7 98.6 184 1870

15.2 1 250 1790

152 143 261 1830
5.7 15 279 1860
strand 15.2 165 300 1820
18.0 223 380 1700

Wwire compac
AS/NZS 4672.1

26 562 579 1030
29 693 714 1030
3 840 865 1030
36 995 1025 1030
40 1232 1269 1030
56 2428 2501 1030
75 4371 4502 1030

3.3.2x Modulus ofelasticity
The modulus of elasticity of commonly used tendons (E;) shall be either—

(a) taken as equal to—

(i)  for as-drawn wire, to AS/NZS 4672.1 ..cccccevvveeeeiiiiieeennn. 205 £10 x 1073 MPa;
(i)  for stress-relieved steel wire, to AS/NZS 4672.1............... 205 £10 x 1073 MPa;
(iii) for stress-relieved steel strand, to AS/NZS 4672.1.......... 200 £5 x 1073 MPa; or
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(iv) for hot-rolled high tensile alloy steel bars, to AS/NZS 4672.1
..................................................................................... 205 £10 x 10”3 MPa; or

(b) determined by test.

NOTE: Consideration should be given to the fact that the modulus of elasticity of tendons may
vary by £10% and will vary more when a multi-strand or multi-wire tendon is stressed as a single
cable. This will influence the calculated extension.

3.3.3 Stress-strain curves
A stress-strain curve for tendons shall be determined from appropriate test
3.3.4 Relaxation of tendons
3.3.4.1 General

This clause applies to the relaxation, at any age and stress le
low-relaxation strand, and alloy-steel bars.

3.3.4.2 Basic relaxation

The basic relaxation of a tendon (Ry) after one thousa S
of 0.8fyp for wire and strand and 0.7f,, for hot rolled\steel bars
accordance with AS/NZS 4672.1.

shall be determined in

The basic relaxation of a tendon (Ry) after-one thousand hours at 20°
determined in accordance with AS/NZS 4672.1.

C.and 0.8fy, shall be

3.3.4.3 Design relaxation

...3343

axation, consideration shall be given to the effects of
applicable.

curing at elevated temperatures, ¥
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STRESS IN TENDON AS PROPORTION

FIGURE 3.3.4.3 COEFFICIE

3.4 LOSS OF PRESTRESS IN TENDONS
3.4.1 General

The loss of prestress in tendons, at any given time, shall b
immediate loss of prestress and the time-dependent loss
accordance with Clauses 3.4.2 and 3.4.

e taken <to be the sum of the

For structures designed to operate abo
test data, shall be made.

3.4.2.4 Loss of prestress due to friction

The stress variation along the design profile of a tendon due to friction in the jack, the
anchorage and the duct shall be assessed in order to obtain an estimate of the prestressing
forces at the critical sections considered in the design.
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The extension of the tendon shall be calculated allowing for the variation in tension along
its length, as follows:

(a)  Friction in the jack and anchorage The loss of prestress due to friction in the jack
and anchorage shall be determined for the type of jack and anchorage system to be
used.

(b)  Friction along the tendon Friction loss shall be calculated from an analysjs

taken as—
O_pa — O_pje_/"(aml Jrﬂp Lpa)
where
opj = stress in the tendon at the jacking end
e = base of Napierian logarithms
u = friction curvature coefficient for/differe i which, in the
absence of specific data and when all tendons i in the one duct
(1)
(i1) for bright and zinhc-coated
(iii) for bright and
ot = sum in radians of the\absolt ] essive angular deviations

of the prestressing tet
jacking end to a point at

containing tendons other than

for sheathing containing bars and having an internal diameter of
50 mm or less: 0.016 rad/m to 0.008 rad/m; and

for bars of any diameter in a greased-and-wrapped
coating: 0.008 rad/m.

length of the tendon from the jacking end to a point at a distance (a)
from that end

The magnitude of the friction due to duct curvature and wobble used in the design shall be
verified during the stressing operation.

3.4.2.5 Loss of prestress during anchoring

In a post-tensioned member, allowance shall be made for loss of prestress when the
prestressing force is transferred from the tensioning equipment to the anchorage. This
allowance shall be checked on the site and any correspondingly required adjustment shall
be made.
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3.4.2.6 Loss of prestress due to other considerations

Where applicable, loss of prestress due to the following shall be taken into account in
design:

(a) Deformation of the forms for precast members.

(b) Differences in temperature between stressed tendons and the actual stressed structures
during heat treatment of the concrete.

(c) Changes in temperature between the time of stressing the tendons and the time of
casting concrete.

(d) Deformations in the construction joints of precast structures assembled in
(e) Permanently elevated temperatures in excess of 40°C.
3.4.3 Time-dependent losses of prestress

3.4.3.1 General

of prestress due to shrinkage of the concrete, creep o
other considerations as are applicable.

E ¢
12154 / 4 ...3432
The loss of pre
creep strains in
sustaine i e of the tendons at no time exceeds 0.5 f., the
...3433

3.4.3.4 Loss’of prestress due to tendon relaxation

The loss of stress in a tendon due to relaxation of the tendon in the member shall be
determined by modifying the percentage loss of stress due to the design relaxation of the
tendon (R) to take into account the effects of shrinkage and creep.
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In the absence of more detailed calculations, the percentage loss of stress in the tendon in
the member shall be taken as—

...3434

R ( - the loss of stress due to creep and shrinkageJ
O-pi

where

opi = stress in the tendon immediately after transfer
3.4.3.5 Loss of prestress due to other considerations
Account shall be taken, if applicable, of—

(a) losses due to deformations in the joints of precast structure
and

(b) losses due to the effects of any increase in creep caused by frequently repeated load

mean values of all relevant material properties shall be used in the form 0f the stress-strain

curve for the material.
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SECTION 4 DESIGN FOR DURABILITY

4.1 GENERAL

The requirements of this section apply to plain, reinforced and prestressed concrete
structures and members with a design life of 50 years £20%.
NOTES:

1 More stringent requirements would be appropriate for structures with a design life {n excess
of 50 years (e.g. monumental structures), while some relaxation of the re
acceptable for structures with a design life of less than 50 years (e.g. te

to ensure a durable structure.

4.2 METHOD OF DESIGN FOR DURABILITY

appropriate requirements for concrete quality and curihg, i ¢ with Clauses 4.4
and 4.5. In addition—

(a) members subject to abrasion from tra
requirements of Clause 4.6;

(b) members subject to cycles of fre
Clause 4.7;

or determining cover requirements for corrosion protection in accordance with
Clause 410.3, the exposure classification shall be taken as the classification for the
surface from which the cover is measured.

(d) Members that do not contain reinforcement shall have an exposure classification of
Al, unless the environment is aggressive to the concrete [see also Clause 4.2,
Items (a), (b), (¢) and (d)].
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4.3.2 Concession for exterior exposure of a single surface

Where the exterior exposure is essentially only one surface of a member, concrete of the
next lower grade than would otherwise be required by Clause 4.4 may be used, provided the
cover from that surface is increased by—

(a) 20 mm from the value required by Clause 4.10.3.2; or
(b) 15 mm from the value required by Clause 4.10.3.3.

TABLE 4.3
EXPOSURE CLASSIFICATIONS

concrete membe
(see Note 1)

1 Surface of members in contact with the ground:

(a) Members protected by a damp-proof membrane. Al
(b) Residential footings in non-aggressive soils. Al
(c¢) Other members in non-aggressive soils. A2

(d) Members in aggressive soils:

(i) Sulfate bearing (magnesium contént <1g/L): ¢ Table 4.8.1

. U
U

See Table 4.8.2

. inforced or prestressed
Surface and exposure environment

Al
A2

B1

Al
A2
(ii1)) Nondindustrial and tropical climatic zone. B1
(iv) Indystrial (see Note 4) and any climatic zone. B1
Near-coastal (1 km to 50 km from coastline), any climatic zone. B1
Coastal (s€e Note 5) and any climatic zone. B2

4 SuWembers in water:
(a) In freshwater (continuously). Bl

(b) In soft or running water (see Note 6).

(continued)
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TABLE 4.3 (continued)

Exposure classification
reinforced or prestressed
concrete members
(see Note 1)

Surface and exposure environment

5  Surfaces of maritime structures in sea water:

(a) Permanently submerged. B2
(b) In spray zone (see Note 7). C1
(¢) In tidal/splash zone (see Note 8). C2

6 Surfaces of members in other environments, that is, any exposure
environment not specified in Items 1 to 5 above (see Note 9)

NOTES:
1

exposure, whilexclassification U represents an exposure environment not specified in this table but for
hichra.degree of severity of exposurxe should be appropriately assessed. Protective surface coatings may
be taken into account\in the assessmenpof the exposure classification.
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TABLE 4.4
MINIMUM STRENGTH AND CURING REQUIREMENTS FOR CONCRETE
Column 1 Column 2 Column 3 Column 4
Minimum Minimum initial curing Minimum average compressive
Exposure ’ . strength at the time of stripping of
PEENR fe requirement
classification (see Clause 17.1.5.1) forms or removal from moulds
(MPa) o (MPa)
Al 20 Cure continuously for 15
A2 25 at least 3 days
B1 32
B2 40 Cure continuously for
Cl1 50 at least 7 days
C2 50

4.5 REQUIREMENTS FOR CONCRETE FOR E

Members subject to exposure classification U shall h
reinforcement/tendons, and other parameters specified, as i to ensure durability
under the particular exposure environment.

4.6 ABRASION

TRW REQUIREMENTS FOR ABRASION

Minimum characteristic
compressive strength

Member an raffic
()
MPa
Foo@is\and r%i({ential driveways 20

mercialN ind}sqial floo\rs\not subject to vehicular traffic 25

Pavements or floors subject to:
(a) Pneumatic-tyred traffic 32
(b) Non-pneumatid-tyred traffic 40
(c)

Steel-wheeled ftraffic To be assessed
but not less than 40

NO”ﬁ:\:/fc’ refefs to the characteristic compressive strength of the wearing surface.

4.7 FREEZING AND THAWING

In addition to the other durability requirements of this section, where the surface exposure
includes exposure to cycles of freezing and thawing, concrete in the member shall—

(a) have an f] not less than—

(i) 32 MPa for occasional exposure (<25 cycles p.a.); or

(ii) 40 MPa for frequent exposure (=25 cycles p.a.); and

103773_AS 3600_Public Comment.doc - 17/08/2017 16:20:03



DRAFT ONLY 60 DRAFT ONLY

(b) contain a percentage of entrained air not outside the following ranges—
(i)  for 10 mm to 20 mm nominal size aggregate...........ccoeeveeeeeeereeennnn. 8% to 4%; or
(i) for 40 mm nominal SiZ€ AZGTEGALE .......cevvverrrriiiereeeeereiiiiiiieeeeeeeeereeeees 6% to 3%,

where the percentage of entrained air is determined in accordance with AS 1012.4.

4.8 AGGRESSIVE SOILS
4.8.1 Sulfate and acid sulfate soils

In addition to the other durability requirements of this section, where the Surface exposure
includes exposure to acid sulphate soils or to sulfate soils with a magnesi
than 1000 ppm, the exposure classification shall be as shown in Table(4.8.1,
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TABLE 4.8.1
EXPOSURE CLASSIFICATION FOR CONCRETE IN SULFATE SOILS

DRAFT ONLY

Exposure conditions Exposure classification
Sulfates (expressed as SO4)*
Soil conditions Soil condition
In soil In groundwater pH At B
ppm ppm
<5000 <1000 >5.5 A2 /(1
5000—-10 000 1000-3000 4.5-5.5 B1 A2
10 000-20 000 3000-10 000 4-4.5 B2 /B/l
>20 000 >10 000 <4 C2 B2

* Approximately 100 ppm SO4 = 80 ppm SOs.
groundwater.

groundwater.

NOTES:

1 This is a simplistic and sometimes_conservative approach to the definition of
aggressivity. It is common to find more thanwane chemical in the service enwironment and

of wetting and extreme drying wh
concrete.

soluble.

presence of certain aggressive acids, salts and solvents, which can either chemically
ttack concrete or lead to a corrosion risk. Certain ground conditions cannot be properly
addressed by reference only to Table 4.8.1. These conditions include, for example, areas
where acid-sulfate soils exist, contamination by industrial and domestic waste, or spillage
from mining, processing or manufacturing industries. In the absence of site-specific
chemical information, the exposure condition should be assessed as ‘exposure
classification B2’ for domestic refuse and ‘exposure classification C2” for
industrial/mining waste tips. Chemical analysis of the latter may, however, allow a lower
risk classification.
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The minimum reinforcement cover shall be the greater of the values given in Tables 4.8.2,
4.10.3.2 and 4.10.3.3, as varied by Clause 4.10.3.5, for the appropriate exposure
classification, placement conditions and characteristic strength of concrete.

4.8.2 Saline soils

Where the surface exposure includes exposure to saline soils, the minimum requirement
shall be as shown in Table 4.8.2.

TABLE 4.8.2
STRENGTH AND COVER REQUIREMENTS FOR SALINE-SOILS

Soil electrical conductivity Exposure Minimum
(ECo) classification I

4-8 A2

8-16 B1

>16 B2

NOTES:
1

Where the presence of ducts is not a consideration, covers to reinforcement or tendons
greater than their nominal size or the maximum nominal aggregate size, whichever is larger,
shall be deemed to satisfy the requirements of the first two paragraphs of the clause.
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4.10.3 Cover for corrosion protection
4.10.3.1 General

For corrosion protection, the cover shall be not less than the appropriate value given in
Clauses 4.10.3.2 to 4.10.3.7.

4.10.3.2 Standard formwork and compaction

Where concrete is cast in formwork conforming with AS 3610 and compacted in accordarice
with Clause 17.1.3 of this Standard, the cover shall be not less than the value given in

Required cover, m}/

Exposure classification Character}'st/ic stregéth (fc’)
20 MPa | 25 MPa 3mPa }B\M% 2§O/MPa
Al 20 20 20 20 20
A2 (50) 30 25 20 20
Bl — (60) 40 3 5
B2 — — %5\)\ 45 3

Cl — — W 50

C2 — — — 65

NOTE: Bracketed figures

and 4.10.3.3, as appropriate to the exposure
screeded surfaces of members shall be in accordance with
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TABLE 4.10.3.3

REQUIRED COVER WHERE REPETITIVE PROCEDURES
AND INTENSE COMPACTION OR SELF-COMPACTING
CONCRETE ARE USED IN RIGID FORMWORK

Required cover, mm

Exposure classification Characteristic strength (fc')

20 MPa | 25MPa | 32 MPa | 40 MPa
Al 20 20 20 20
A2 (45) 30 20 20
Bl — (45) 30 25
B2 — — (50) 35

C1 — — 60)
2 _ _ o
\/

NOTE: Bracketed figures are the appropriate covers
Clause 4.3.2, relating to the strength grade permitte
classification, is applied.

be in accordance with Table 4.10.3.2.
4.10.3.5 Cast against ground

compacted in accordance with
the ground shall be as given in

p-proof membrane; or

coated,
and electro

1/ or treated to prevent chemical action between the metal and the concrete
1c action between the metal and steel.
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SECTION 5 DESIGN FOR FIRE RESISTANCE

5.1 SCOPE

This section specifies the requirements for reinforced and prestressed concrete members
used in buildings to meet the fire resistance levels (FRLs) required by the Building e
Australia (BCA).

5.2 DEFINITIONS
For the purpose of this section, the definitions below apply.

5.2.1 Average axis distance

When reinforcement is arranged in several layers as shown, in Figufe 5.2.1, and wherte

m

where

determined separat

(a) (b)

FIGURE 5.2.1 DIMENSIONS USED TO CALCULATE AVERAGE AXIS DISTANCE
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5.2.2 Axis distance

Distance from the centre-line axis of a longitudinal bar or tendon to the nearest surface
exposed to fire (see Figure 5.2.2).

FIGURE 5.2.2 SECTIONS THROUGH
SHOWING AXIS DISTAN

5.2.3 Fire resistance

Ability of a structure or part of it to fulfil i
separating function) for a specified fir

5.2.4 Fire resistance level (FRL)

required functions (lo
exposure, for a~specified time

adbearing and/or

Fire resistance periods for structural adequacy,
order.

y and insulation, expressed in that

Time, in minates,
adequacy, inte
Standard.

of a fire-separating member, such as a wall or floor, to limit the surface
temperature on one side of the member when exposed to fire on the other side.

5.2.8 Integrity (fire)

Ability of a fire-separating member to resist the passage of flames or hot gases through the
member when exposed to fire on one side.
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5.2.9 Structural adequacy (fire)
Ability of a member to maintain its structural function when exposed to fire.

5.3 DESIGN PERFORMANCE CRITERIA

5.3.1 General performance criteria

(a) Determined from the tabulated data and figures given in

(b) Predicted by methods of calculation. In these case

NOTE: Eurocode 2, Part 1.2 provides a method of ca ion edict the FRP of a
member.

5.3.2 General rules for the interpretatior

Joints\between members or between adjoining parts shall be constructed so that the FRL of
the whole assembly is not less than that required for the member.

5.3.6 The effect of chases

In concrete members subject to fire, chases shall be kept to a minimum. The effect of
chases on the FRPs of walls shall be taken into account in accordance with the requirements
of Clause 5.7.4. The effect of chases in other members shall be taken into account using a
rational method of analysis.
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5.3.7 Increasing FRPs by the addition of insulating materials

The FRP for insulation and structural adequacy of a concrete member may be increased by
the addition to the surface of an insulating material, to provide increased thickness to the
member or greater insulation to the longitudinal reinforcement or tendons, or both, in
accordance with the requirements of Clause 5.8.

5.4 FIRE RESISTANCE PERIODS (FRPs) FOR BEAMS
5.4.1 Structural adequacy for beams incorporated i

The FRP for structural adequacy for a beam incorporated in a reof

by—

system is given

(a) Table 5.4.1(A) or Figure 5.4.1(A) for simply supported beams; o
(b) Table 5.4.1(B) or Figure 5.4.1(B) for continuqus beams;
provided the beam—

(1)  has the upper surface integ
Clause 5.5;

(i1)) has a web of uni
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TABLE 5.4.1(A)

FIRE RESISTANCE PERIODS (FRPs) FOR STRUCTURAL ADEQUACY
FOR SIMPLY SUPPORTED BEAMS

Minimum dimensions (mm)
FRP for
structural Possible combinations of am and b
adequacy Combination 1 Combination 2 Combination 3 Combinatjon 4
(min)
am b dm b adm b am
30 25 80 20 120 15 160 1
60 40 120 35 160 30 200 25
90 55 150 45 200 40 300 35
120 65 200 60 240 55 30
180 80 240 70 300 65 00 60
240 90 280 80 350 75 500 70
LEGEND:
am = average axis distance
b = width of the beam at the centroid of the bottom reinfércemen
NOTES:

the side of the

1 In beams with only one layer of bottom reinforcement, the axis distance

100 —

90 —

80 —
€
IS
~ 70
£
©
m
&) 60 —
=2
<C
'_
wn

QO
30,

0 100 200 300 400 500 600 700 800

WIDTH, b (mm)

FIGURE 5.4.1(A) FIRE RESISTANCE PERIODS (FRPs) FOR STRUCTURAL ADEQUACY
FOR SIMPLY SUPPORTED BEAMS
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TABLE 5.4.1(B)

FIRE RESISTANCE PERIODS (FRPs) FOR STRUCTURAL ADEQUACY
FOR CONTINUOUS BEAMS

Minimum dimensions (mm)
FRP for
structural Possible combinations of as and b
adequacy Combination 1 Combination 2 Combination 3 Combinatjon 4
(min)
am b am b am b am b
30 15 80 12 160 — — —
60 25 120 12 200 — — — —
90 35 150 25 250 — — — —
120 45 200 35 300 35 45 5
180 60 240 50 400 50 50 40 600
240 75 280 60 500 60 650 50 700
LEGEND:
am = average axis distance
b = width of the beam at the centroid of the bottom reinfércemen
NOTES:

1 In beams with only one layer of bottom reinforcement, t
beam for the corner bars including tendons or wires, shall b
where the value of b is greater than that given in Combination 4

2 For prestressing tendons, the axis dista

axis distance
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AVERAGE AXIS DISTANCE, a,, (mm)

90

80

70

60

50

40

30

20

10
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240 FRP (min)

120

600 700 800

for a beam of approximately rectangular cross-section,
our sides, is given by—

e average axis distance is not less than the value for that period determined

using the minimum dimension of the beam for b in the relevant table and
applies to all longitudinal reinforcement or tendons.
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5.5 FIRE RESISTANCE PERIODS (FRPs) FOR SLABS
5.5.1 Insulation for slabs

The FRP for insulation for a slab is given in Table 5.5.1 provided the effective thickness of
the slab is not less than the corresponding value given in the table.

The effective thickness of the slab to be used in Table 5.5.1 shall be taken as—

(a) for solid slabs, the actual thickness; or

(b) for hollow-core slabs, the net cross-sectional area divided by the widtk
section; or

(c) for ribbed slabs, the thickness of the solid slab between the websof adj

TABLE 5.5.1

FIRE RESISTANCE PERIODS (
FOR INSULATION FOR SLABS

FRP for insulation Effective thickness

min m
30

60 80
90 100
120 120
180 0
240 175

5.5.2 Structural adequacy for slabs

The FRP for structural adequacy for a slab sh atisfied if the following

conditions are met:

(a)

the width of the ribs and the axis distance to the lowest layer of the longitudinal
bottom reinforcement in the slabs conform with the requirements for beams
given in Clause 5.4.1; and

(i1) the axis distance to the bottom reinforcement in the slab between the ribs is not
less than that given in Table 5.5.2(A).
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(d) For two-way ribbed slabs, see Table 5.5.2(C) or Table 5.5.2(D) as appropriate for the
support conditions. The slabs shall be proportioned so the width and the average axis
distance to the longitudinal bottom reinforcement in the ribs, and the axis distance to
the bottom reinforcement in the slab between the ribs, and the axis distance of the
corner bar to the side face of the rib, is not less than that value plus 10 mm.

osed

For the purpose of this clause, a slab shall be considered continuous if, under i
actions, it is designed as flexurally continuous at one or both ends.

TABLE 5.5.2(A)
FIRE RESISTANCE PERIODS (FRPs) FOR STRUCTURAL

OR WALLS AND FOR ONE-WAY RIBBED

Axis distance (as) to lowest layer of inforcy{ent (mm)
FRP for structural Simply supported slabs
adequacy
i Two-way
(min) One-way
Ly/lx<1.5 1.5<Q,r/lx <2
30 10 10 10
60 20 10 15
90 30 15 20
120 40 0 25
180 55 30 40 30
240 65 40 50 40

NOTES:
1 Iy = longer span of a two-way slab.

Ix = shorter span of a two-way slab.

2  The axis distance for simply supported \two-way sldbs applies only if the slabs are
supported atdll four edges. In other cases, the slab shall be treated as a one-way slab.

Minimum dimensions (mm)

Slab thickness Axis distance (as)
150 10
180 15
200 25
120 200 35
180 200 45
240 200 50

NOTES:
1 as = axis distance to the reinforcement in the lowest layer.

2 For prestressing tendons, the axis distance shall be increased
as given in Clause 5.3.3.
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TABLE 5.5.2(C)

FIRE RESISTANCE PERIODS (FRPs) FOR STRUCTURAL ADEQUACY
FOR TWO-WAY SIMPLY SUPPORTED RIBBED SLABS

Minimum dimensions (mm)

Possible combinations of axis distance (as) Flange thickne

FRP for structural and width of ribs (b) (hs) and axis

adequacy
(min) Combination 1 | Combination 2 | Combination 3 flange

as b as b as b (}/

30 15 80 — — — — 10
60 35 100 25 120 15 2200 10
90 45 120 40 160 30 >

25
120 60 160 55 190 40 2300 20
180 75 220 70 260 60 2410 30
240 90 280 75 350 79/ =5 40,

NOTES:
1 The axis distance is measured to the lowest layer of the Tongitudinakreinférceme

2 For prestressing tendons, the axis distance shall be increased\as given in Clause’5.3.3.

TABLE_ 5.5.2(D)

FIRE RESISTANCE PERIODS(FRPs) STRUCTURAL ADEQUACY
FOR TWO-WAY ONTI@OUS BED SLABS

Min\mu}diqensions m

\“/ Flange thickness
FRP for structural Possible combinations of axis distance (as (hs) and axis
adequacy and width of ribs (b) distance (as)
(min) in flange

Cy(biﬁ&(on 1 j Combin:ﬁéon 2 Combination 3

s / b e \g s b @ e
80 —
15

30 10 — — — 10 80
60 5 1 20 10 >200 10 80
90 35 120 160 15 =250 15 100

12 45 160 40 190 30 2300 20 120
180 60 10 50 600 — — 30 150
_—240 7 4 60 700 — — 40 175

5.6.1_ Insulation and integrity for columns

FRPs for insulation and integrity are required for columns only where columns form part of
a wall required to have a separating function. In this situation the column shall conform
with the appropriate criteria for walls given in Clause 5.7.1.
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5.6.2 Structural adequacy for columns

The FRP for structural adequacy for braced columns shall be determined using either
Clause 5.6.3 or Clause 5.6.4. Where the ratio of the longer cross-section dimension of the
column is equal to or greater than four times the shorter cross-section dimension,
Clause 5.7.2 may be used.

NOTE: Clauses 5.6.3 and 5.6.4 cover only braced columns that conform with a sefies of

on two faces shall be adopted and the column shall be reinforced
longitudinal reinforcement (one layer located adjacent to each face
shall be structurally restrained together.

5.6.3 Restricted tabular method to determine structural ade

(a) The column is proportioned so that the va

values for that period.

(b)  The value of the load level is taken as~(

... 5.6.3(1)

or columns that\fall outside these limits, reference shall be made to alternative design
approaches;-as specified in

NOTE: The effective length ofa celumn under fire conditions (/y.ri) may be assumed to be equal
to the effective tength at normal temperature in all cases. For braced building structures where the
equired FRP is greater than 30 minutes, the effective length may be taken as 0.5, for all cases.
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TABLE 5.6.3

FIRE RESISTANCE PERIODS (FRPs) FOR STRUCTURAL ADEQUACY
OF COLUMNS

Minimum dimensions, mm

FRP for Column
structural Combinations for column exposed on more than one side exposed
adequacy one side

pii=0.2 ui = 0.5 pii=0.7 ur = 0.7
min as b as b as b as b
32 200
30 25 200 25 200 27 300 }5/\ 155
36 200 46 50
60 25 200 31 300 40 350 25 155
31 200 45 300 53 3
90 25 300 38 400 M /;in /ZS\ 153
40 250 45M 35000 57(M 3500
120 35 350 40M 4500 M 500 /3/ 175
180 45M 3500 63 3500 70 450 55 230
240 610 3500 750 450 70 295
LEGEND:

as = axis distance
ciretilar column.

1 .
2 s;-the axis di i in Clause 5.3.3.

3 Dimension b in table for columns exposed on one side applies only to columns that lie flush

...5.6.3(2)

12for greater than 4 bars
as = the axis distance to the longitudinal steel bars (mm); 25 mm < a; < 80 mm

los = the effective length of the column under fire conditions; 2 metres < /o
< 6 metres

Values for lo 5 < 2 metres are conservative for lo s + 2 metres
b’ = 24,/(y + x) for rectangular cross-sections

= the diameter of circular cross sections
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within the limits 200 mm < b’ <450 mm and y < 1.5x

o = 13A4f,/Af denotes the mechanical reinforcement ratio at normal
temperature conditions

5.6.4 General tabular method to determine structural adequacy for columns

The FRP for structural adequacy for a column may be determined from Table 5:6.4,

provided the following criteria are met:

(a) The column is proportioned so that the value for the smaller <cross-séctional
dimension and the axial distance to the longitudinal reinforceme *
the values for that period.

*

M;

(b)  The eccentricity under fire conditions is € =—
f
(c) e/b<0.25 with emax. < 100 mm.

(d) The slenderness of the column under fire conditions is <30.

FRP for Mlﬂl}um dimensions, mm
structural élglﬁbinat%nso/\f\(a\s)%d (b)
adequacy 1.3 Asfsy/ c/c
n=0.15 17=)6 n=0.5 n=0.7
min as b as b as b as b
25L\ 150 25 150 30 200 30 300
0.1
25 250 25 350
25 150 25 150 25 150 30 200
30 0.5
25 250
25 150 25 150 25 150 30 200
1.
25 300
/35 150 40 200 40 300 25 500
1
25 200 25 300 25 500
25 150 35 150 35 250 40 350
60 0.
25 200 25 350 25 550
25 150 30 150 40 200 50 300
1.0
25 200 25 400 30 600
40 200 40 300 50 500 40 550
0.1
25 250 25 400 25 550 25 600
35 150 45 200 45 300 50 500
90 0.5
25 200 25 300 25 550 40 600
25 200 40 200 40 250 50 500
1.0
25 300 25 550 45 600
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TABLE 5.6.4 (continued)

FRP for Minimum dimensions, mm
structural Combinations of (as) and (b
adequaey | 13 Ay /S @) and @)
n=0.15 n=03 n=0.5 n=0.7
min as b as b as b as b
50 250 50 400 25 550 60 5@
0.1
25 350 25 550 45 600
120 0 45 200 45 300 50 450 60 500
.5
25 300 25 550 25 /%0 /§\0 %@
40 200 50 250 45 450 60 600
1.0
25 250 25 400 /3/0 >OO
0 50 400 60 500 60 550 ( H
1 Note
25 500 25 ;Ko /% 600"
45 300 50 450 60 500
180 0.5 75 600
25 450 25 00 \SO/ 60/0/
35 300 50 455\ 60 500
1.0 (Note 1)
25 }K‘)O\ 25 550 45 \60\0
(continued)
60 500 40 \550\ 75 600
0.1 (Note 1)
25 550 \25\ 600
45 EkSO 55 550 70 600
240 0.5 (Note 1)
2 | s | 35 | o6
\4§ 400 40 500 60 600
1.0 (Note 1)
25\ 500 30 600
LEGEND:
as = axis distarce
b = smaller cross-sectional dimerfsion of a rectangular column or the diameter of a circular column

N

n

5.7 FIRE RESISTANCE PERIODS (FRPs) FOR WALLS
5.7.1 Insulation for walls

The FRP for insulation for a wall given in Table 5.7.1 may be used, provided the effective
thickness of the wall is not less than the corresponding value given in the table.

The effective thickness of the wall to be used in Table 5.7.1 shall be taken as follows:
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(a)  For solid walls, the actual thickness.
(b) For hollow-core walls, the net cross-sectional area divided by the length of the
cross-section.
TABLE 5.7.1

FIRE RESISTANCE PERIODS (FRPs)
FOR WALLS FOR INSULATION

FRP for insulation Effective thickness

min mm
30 60
60 80
90 100

120 120

180 150

240 1

5.7.2 Structural adequacy for walls

The FRP for structural adequacy for a wall shall be\in accotdance/with Table 5.7.2,
provided the effective thickness of the wall and axis di e not less than the
corresponding values given in the table.

TABLE
FIRE RESISWDS (FRPRs) FOR S
Minimum dimensions, mm
Combinations ef as; and b
FRP fi * *
0 Nf Nf
structural =035 =0.7
adequacy ¢ u ¢Nu
1 exposed on | Wall exposed on Wall exposed on Wall exposed on
e side two sides one side two sides
as b as b as b as b
0 10 120 10 120 10 120
11 10 120 10 130 10 140
20 120 10 140 25 140 25 170
25 150 25 160 35 160 35 220
4 180 45 200 50 210 55 270
5 230 55 250 60 270 60 350

NOTES:
1 For N{/#N, see Clause 5.6.3.
2 For prestressing tendons, the axis shall be increased, as specified in Clause 5.3.3.
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5.7.3 Effective height limitations for walls

For walls required to have a FRL, the ratio of the effective height to thickness shall not
exceed 40, where the effective height is determined from Clause 11.4. This latter restriction
shall not apply to walls where the lateral support at the top of the wall is provided by an
element not required by the relevant authority to have a FRL.

5.7.4 Other requirements for walls

5.7.4.1 Recesses for services in walls

The effect of recesses for services on the FRP for structural adequacy, integfity and

5.7.4.2 Effect of chases on structural adequacy of walls

The effect of chases on the FRP for structural adequaty of walls shall’be takeén into account

as follows:
(a) For walls spanning one way, where—

(i)  the chase direction is parallel to the.span direction—ignored;

(i1)

(iii)

ength greater than four
i of the wall—accounted

(b) For walls
(1)

, or a horizontal ehase wi gth not greater than half the wall length
i ; and

(ii) the cross-sectional area of the chase, on a plane perpendicular to the plane of
the wall face and at right angles to the centre-line of the chase, is not greater
than 1000 mm?; and

(iii) the total face area of chases within any 5 m? of wall face is not greater than
100 000 mm? on one or both wall faces,

the effect shall be ignored.
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(b) For cases other than those in Item (a) above, the effects shall be taken into account in
accordance with the normal rules for insulation and integrity of walls, except that
slenderness ratios shall be based on the reduced wall thickness.

5.8 INCREASE OF FIRE RESISTANCE PERIODS (FRPs) BY USE OF
INSULATING MATERIALS

5.8.1 Increase of FRP by the addition of insulating materials
5.8.1.1 General

The FRP for insulation and structural adequacy of a concrete member mag
the addition to the surface of an insulating material, to provide increg
member, or greater insulation to the longitudinal reinforcement or tenc

be increased by

5.8.1.2 Acceptable forms of insulation

Acceptable forms of insulation include the following:

(a) Slabs of one part cement to four parts vermiculite
cement to four parts perlite (by volume) coxcrete,
concrete.

erete or of one part
tely bonded to the

appropriz

(b) Gypsum-vermiculite plaster or gypsum-perlite plaster, both mixed in the proportion
of 0.16 m® of aggregate to 100 kg of g i i\ of eithe slabs approprlately

(c)

In the absence of
minimum thickne

tfnom = kta + 10 ...582

where

thom = nominal thickness of topping applied
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k= 1.0 for a topping of plain concrete

= 0.8 for a topping of concrete made from lightweight aggregate conforming
with AS 2758.1

= 0.6 for a topping of gypsum (including jointed gypsum block) having a
wearing overlay

tq¢ = difference between the actual effective thickness of the slab and the ve
thickness specified in Table 5.5.1, for the required FRP

7
S
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SECTION 6 METHODS OF STRUCTURAL
ANALYSIS

6.1 GENERAL

6.1.1 Basis for structural analysis

Methods of analysis for concrete structures shall take into account the following:
(a) The strength and deformational properties of the member materials.
(b)
(c)
(d)

analysis being undertaken.

6.1.3 Methods of analysis

Non-linear stress analysis 6f members and structures, in accordance with Clause 6.6.

Plastic methods of]analysis for slabs and frames, in accordance with Clause 6.7.
Strut-and-tie method of analysis, in accordance with Clause 6.8.

Structural mod
nechanics,

(G) The

(i)  The idealized frame method given in Clause 6.9.

el tests designed and evaluated in accordance with the principles of

owing simplified methods of analysis:

(i1)) The simplified methods given in Clause 6.10.

NOTE: Clause 2.2 allows different strength check procedures and different methods of analysis to
be used for different members in a structure and for the structure.
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6.1.4 Geometrical properties
For the purpose of this section, the definitions below apply.
6.1.4.1 Column strip

That portion of the design strip extending transversely from the centre-line of the
supports—

(a) for an interior column strip, one quarter of the distance to the centre-line of each
adjacent and parallel row of supports; or

(b) for an edge column strip, to the edge of the slab and one quarter of tk
centre-line of the next interior and parallel row of supports,

but of total width not greater than L/2 [see Figure 6.1.4(A)].
6.1.4.2 Design strip

(a) for an interior design strip, halfway to the centre<line of ez jacent and parallel
(b) for an edge design strip, to the edge f ¢ centre-line of the

6.1.4.3 Middle strip

The portion of the slab between two column st or.between ac
supporting wall [see Figure 6.1.4(A)].

rip and a parallel

6.1.4.4 Span support
The length of a support i
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SPAN SUPPORT AND SPAN LENGTHS FOR FLAT SLABS
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6.2 LINEAR ELASTIC ANALYSIS
6.2.1 General

This clause applies to the analysis of indeterminate continuous beams and framed structures
in which secondary geometric effects are insignificant.

6.2.2 Span length

supports.

6.2.3 Critical sections for negative moments

6.2.4 Stiffness
6.2.4.1 General

and shall generate critical worst-case actions under a
Where multiple degrees of stiffness are possible, the stif
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TABLE 6.2.4

EFFECTIVE SECTION PROPERTIES,
Iir, AS A PROPORTION OF I,

Type of member Ultimate limit state
Beams and slabs 0.47
Columns
N*/Agf’c >0.5 0.87;
N*/Agf’c=0.2 0.51,
N*/Agf’c=0.0 0.3,

Walls

N*/Agf’c=0.2 0.421,
N*/Agf’c=0.1 0.337,
N*/Agf’c =0.0 0.25%

6.2.5 Deflections

Deflection calculations shall take into account the effects of cracking, fension stiffening,
shrinkage, creep, and relaxation of tendons. Calculations in accordance with the
requirements of Clauses 8.5 and 9.3 shall be deemed to satisfy this requirement. Where
appropriate, consideration shall be give atlons that may result from deflection of

or strength of statically indeterminate members, the elastically
ments at any interior support may be reduced or increased by
an analysis is undertaken to show there is adequate rotation

(a) the stress-strain curves of the steel reinforcement and tendons as defined in
Clauses 3.2.3 and 3.3.3, respectively, assuming that fracture of the reinforcement and
tendon occur at &y and &y

(b) static equilibrium of the structure after redistribution of the moments; and

(c) the properties of the concrete as defined in Clause 3.1.
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6.2.7.2 Deemed-to-conform approach for reinforced and prestressed members

The requirement of Clause 6.2.7.1 shall be deemed to be met if the following requirements
are satisfied:

(a)  All of the main reinforcement in the member shall be Ductility Class N.

(b) The bending moment distribution before redistribution shall be determiped in
accordance with elastic analysis.

(c)  Where the neutral axis parameter (k,) is less than or equal to 0.2 in all y

(d) Where k, exceeds 0.2 in one or more peak moment regions, but does not exceed
the redistribution shall not exceed 75 (0.4—k,)%.

(e) The positive bending moment shall be adjusted to maintai
(f)  Where k, exceeds 0.4 in any peak moment region, no redi
(g) Static equilibrium of the structure after redistribution of thée moments'shall be used to

evaluate all action effects for strength design.

NOTES:

1 The values of k, are calculated for cross-sections that havwe been designed on the basis of the
redistributed moment diagram.

2 The amount of redistribution is measu
redistribution.

red~as a percentage of\the bending moment before

3 Extra checks should be made on ductility and the possibility of punching shearfailures.

6.3 ELASTIC ANALYSIS OF F
BENDING MOMENTS

6.3.1 General

RAM

An elastic analysis incorporating secondary
requi nts-of Clause 6.2 and the following?

This clause applies to the linear elastic stress analysis of structures and parts of structures
using numerical methods, including finite element analysis.

6.4.2 Analysis

The analysis shall conform with the requirements of Clause 6.1.1. The results of the
analysis shall be interpreted in accordance with the requirements of Clause 6.1.2.
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6.4.3 Sensitivity of analysis to input data and modelling parameters

Checks shall be made to investigate the sensitivity of the results of a linear elastic stress
analysis to variations in input data and modelling parameters.

6.5 NON-LINEAR FRAME ANALYSIS
6.5.1 General

This clause applies to the non-linear analysis of framed structures at service load, at

overload, and at collapse. Non-linear analysis shall be carried out in acco
requirements of Clauses 6.1.1, 6.1.2 and 6.1.4.

6.5.2 Non-linear material effects

The analysis shall take into account all relevant non-linear a
materials, such as—

(a) non-linear relationship between stress and strain for'the rei
and the concrete;

(b) cracking of the concrete;

(c) the tension stiffening effect in the concrete between adjacent tensilé cracks;
(d) creep and shrinkage of the concrete; and
(e) relaxation of tendons.

6.5.3 Non-linear geometric effects

d whenever joint
gnificantly affect the

i¢s to the non-linear stress analysis of structures and parts of structures

using numerical methods, including finite element analysis.
6.6.2 Analysis

The analysis shall conform with the requirements of Clause 6.1.1. The results of the
analysis shall be interpreted in accordance with the requirements of Clause 6.1.2.
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6.6.3 Non-linear material and geometric effects
The analysis shall take into account all relevant non-linear and inelastic effects, such as—

(a) non-linear relation between stress and strain for the reinforcement, the tendons and
the concrete;

(b) cracking of the concrete;

(c) the tension stiffening effect in the concrete between adjacent tensile cracks;
(d) creep and shrinkage of the concrete;
(e) relaxation of tendons; and

(f) geometric non-linear effects.

6.6.4 Values of material properties

When non-linear stress analysis is used as the basis for des ¢ calculations shal

1gn, th

6.7 PLASTIC METHODS OF ANAL
6.7.1 General

mes and one-way and two-way
Class N reinforcement 1s used

The design bending moments shall be obtained from calculations based on the need
for a mechanism to form over the whole or part of the slab at collapse.

(b) The mechanism that gives rise to the most severe design bending moments shall be
used for the design of the slab.
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6.8 ANALYSIS USING STRUT-AND-TIE MODELS
6.8.1 General

When strut-and-tie modelling is used in the analysis of a concrete structure or local region,
the relevant requirements of Section 7 shall be satisfied.

6.8.2 Sensitivity of analysis to input data and modelling parameters

Checks shall be made to investigate the sensitivity of the results of a strut-and-ti
to variations in geometry and modelling parameters.

6.9 IDEALIZED FRAME METHOD OF ANALYSIS
6.9.1 General

This clause applies to the analysis of multistorey buildings of orced concrete and

The analyses for vertical, horizontal and
frame in accordance with Clause 6.2,\6.3 or\6.4
Clauses 6.1.1 and 6.1.2.

and the floofs being assumed fixed at the adjacent supports.

0

Any chang length of the beams and slabs due to axial force and any deflection due to
shear force may be neglected.

The effect of any change in length of columns, due to axial shortening on the actions in the
floor system, shall be considered in the analysis.
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In order to provide for imposed actions (live loads) acting on part of a span—

(i)  when the live load reduction factor y, = 1, the minimum shear force due to imposed
actions (live load) in any section of a member shall be taken as at least one quarter of
the maximum shear force due to imposed actions (live load) in the member when
subjected to uniformly distributed imposed actions (live loads); and

(i1) when y, <1, the designer shall assess the maximum and minimum imposed
(live loads) due to partial loading of a span.

6.9.4 Analysis for horizontal loads

In situ concrete floor slabs may be assumed to act as horizontal diaphragms that distribute
lateral forces among the frames and walls. They shall be designed in accordance with
Section 15.

adequate restraint is provided (for example by bracing or shear walls).
6.9.5 Idealized frame method for structures incorporating
6.9.5.1 General

Provided Ductility Class L reinforcement is not used as\the main flexural reinforcement,
this clause applies to the analysis of reinforced and “prestressed framed structures
incorporating two-way slab systems havingmultiple spans including—

(a) solid slabs with or without drop pdnels;
(b)
(c)

(d)
(e)

Table 6.9.5.3.

That part of the design strip bending moment not resisted by the column strip shall be
proportionally assigned to the half-middle strips on either side of it.
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Each middle strip shall be designed to resist the sum of the moments assigned to its two
adjoining halves, except that a middle strip adjacent to and parallel with an edge supported
by a wall shall be designed to resist twice the bending moment assigned to the adjoining
half-middle strip from the next interior design strip parallel to the wall.

TABLE 6.9.5.3
DISTRIBUTION OF BENDING MOMENTS TO THE COLUMN STR

Bending moment under consideration Strength limit state Serviceabili}y/limit s)/a{e
Negative moment at an interior support 0.60 to 1.00 0.75
Negative moment at an exterior support with 0.75 to 1.00 0.7
spandrel beam
Negative moment at an exterior support 0.75 to 1.00 1.0
without spandrel beam
Positive moment at all spans 0.50 to 0.79/ 0.6

6.9.5.4 Torsional moments

Where moment is transferred to the column by torsio
beams, the slab or spandrel beams shall be designed i
Clause 8.3, as applicable.

Slabs containing openings may be analyse
the need for further calculation prov1ded

capable of transferring the moment and shear
he slab shall also conform with the shear requirements of

Clauses 6.10.2.2 to 6.10.2.4 may be used for the calculation of design bending moments and
shear forces for strength in continuous beams and one-way slabs of reinforced concrete
construction, provided—

(a) the ratio of the longer to the shorter length of any two adjacent spans does not
exceed 1.2;

(b) the loads are essentially uniformly distributed;

103773_AS 3600_Public Comment.doc - 17/08/2017 16:20:03



DRAFT ONLY 94 DRAFT ONLY

(c) the imposed action (live load) (¢) does not exceed twice the permanent action (dead
load) (g);

(d) members are of uniform cross-section;

(e) the reinforcement is arranged in accordance with the requirements of Clause 8.1.10.6
or Clause 9.1.3.2; and

(f) bending moments at supports are caused only by the action of loads appli€d to“the
beam or slab.

6.10.2.2 Negative design moment

load per unit length, factored for strength):
(a) At the first interior support:

(i)  Two spans only for Ductility Class N ...........leveeeee e loviiiiinn s O e
for Ductility Class L.......uuiiieiiiiiiiiiiiiie . S e e D e e e s
(i) More than tWo SPaANS.......cceeerieiiiiiiiiereeeeeeeiiiiee N eeeeeeeennin sy fenaenenannnnnnns FdL2 /10.

(b) At other INterior SUPPOTLS....ceeeieiiree e i airererennnnnneeeeeeeeeees e eeeeeeeDagennnneeaens Fde1 /11.
(c) At interior faces of exterior supp@rts for membe ilt i with their supports:

(i)  For beams where the support\is a cQIUMN, ......eeeee i N, FdL2 /16.

11 Or S1aos an eams where the suppo s B 01 ) § 0 AN .
(ii) For slabs and b here the Supp F,L} /24
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6.10.3 Simplified method for reinforced two-way slabs supported on four sides
6.10.3.1 General

The design bending moments and shear forces for strength in reinforced two-way simply
supported or continuous rectangular slabs, which are supported by walls or beams on four
sides and have corners that are prevented from lifting, may be determined from
Clauses 6.10.3.2 to 6.10.3.4 provided—

(a) the loads are essentially uniformly distributed;
(b) the reinforcement is arranged in accordance with the requirements of Clause 91.3.3;

(c) bending moments at supports are caused only by the action of
beam or slab;

(d) any opening or penetration through the thickness of a slab
strength or stiffness; and

(e) slabs incorporating Ductility Class L reinforceme
walls.

6.10.3.2 Design bending moments

(a) The positive design bending momep . on strips of unit

equations:

M =B F,L; ...6.10.3.2(1)

M, =pF,L, ...6.10.3.2(2)

(ii)
al reinforcement, no moment redistribution can
at either the serviceability or strength limit states.

ax Or oy times the midspan values in the direction considered when they are
aken from Table 6.10.3.2(B), where the value of oy or ¢y is also taken from
Table 6.10.3.2(B) for the appropriate case.
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(c)

If the negative moment on one side of a common support is different from that on the
other side—

(A) the unbalanced moment may be redistributed (in proportion to the stiffness of
span Ly in the adjacent panels) if Ductility Class N reinforcement is the main
flexural reinforcement; or

(B) the slab shall be reinforced on both sides of the support for the larger Support
moment.

The negative design bending moment at a discontinuous edge, whe
likelihood of restraint, may be taken as—

(i) 0.5 times the midspan values in the direction considered when

(i1)) 0.8 times the midspan values in the direction congsidered when they are
from Table 6.10.3.2(B).

TABLE 6.10.3.2(

Short span coefficients (5x) Long span
Edge condition \\(Ques of Ly/Lx c((zifi.zie:::
1.0 1.1 1.2 1.3 \1\4 1.5 75 22) values of Ly/Lx
1 Four edges continuous 0.024 0&28 0.&32 WS 0.037 M 0.04$¢0./048 0.024
2 One short edge discontinuous 0.028 0.03\% 0.03X 0.0380.041|0.043 | 0.047 | 0.050 0.028
3 One long edge discontinuous 0.028 [ 0.03570.041 WO/46 OQS/OMO.%I 0.066 0.028
4 Two short edges discon}i’\ﬁ)us 0.634 (0.038 0\040 0.04/& 0.045(0.047 |0.050 | 0.053 0.034
5 Two long edges dis%tinuo}m/\ 0.03Xl 0.046 O.6§6 0.0éé 0.07210.0780.091{0.100 0.034
6 Two adjacent e}lés disgzétinuous 0.03A—9§1¥11 0.046,/ 0.051}0.055|0.058 [ 0.065|0.070 0.035
7 (Toljzioefggzzgizgrgﬁg‘g 0.043|0.049 [0.053 M 0.061{0.064[0.069 [0.074|  0.043
g Ihree edges discontinuous 0.043 OEMW 0.072]0.078 | 0.084 [0.0960.105 | 0.043
((&e/&heft\e@e continuous)
9, Four edges disMnuous 0.056 | 0.066 | 0.074 | 0.081 | 0.087 | 0.093 | 0.103 | 0.111 0.056
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TABLE 6.10.3.2(B)

BENDING MOMENT COEFFICIENTS FOR RECTANGULAR SLABS
SUPPORTED ON FOUR SIDES (DUCTILITY CLASS N
OR DUCTILITY CLASS L REINFORCEMENT)

Short span coefficients (S and ax)
Edge condition Values of Ly/Lx Z(:le(ff::.) ;l(:: g’lglv
o || 2] 13 1a s [1s] 20 520y uesyofLy/Lx

1 Four edges continuous B 10.021]0.025(0.0290.032[0.034{0.036 | 0.039 | 0.041 | 0.042 0.020
a [2.31 [2.22 |2.14 [2.10 {2.06 |2.03 [2.00 {2.00 ;fo\ 2.

2 One short edge B 10.027[0.030]0.033]0.035[0.037]0.039 | 0041102042 | 0.042 0.024

discontinuous a |2.20 |2.14 [2.10 |2.06 |2.04 |2.02]2.00 12.00 |2.00 29

3 One long edge B 10.024]0.028(0.034|0.038 [ 0.043 | 07047 }0@6 0.061]0.070 0.02

discontinuous a 222 |2.17 |2.09 |2.03 1.9// 1.93/1.86 | 181 | 180 2.46

4 Two short edges B 10.032[0.035]0.037|0.0380.039|0.04 Womz 0.042 0.024
discontinuous @ [2.09 |2.05 [2.03 |2.01 |2.00 [2.00 |2.00 2/@0/2.00 —

5 Two long edges B 10.024]0.028(0.035|0.042 | 0.049 0.6&{ 0.071[0.085[0.125 0.039
discontinuous o o o - . - N\ o 231

6 Two adjacent edges B 10.031 0.03< 0.0410.046 | 0:050 | 0.053 | 0.060 0.064 | 0:070 0.034
discontinuous o |2.03 |2.07 J2.01 Jive |1.92 | 180|183 }.wv 1.80 2.13

7 Three edges discontinuous | A |0.039[0.044 | 0,048 | 0052 | 0.055(0.058 0.0\63\§.O66 0.070 0.035
(one long edge continuous) |15 o4 1197 [1.93 |1.80 |86 16418071180 |1.80 —

8 Three edges discontinuous 4%’33\ 0.039 0.04% 0.054(0.061]0.067|0.082|0.093(0.125 0.046

(one short edge continw o o \ o o Z - o - o 212

9  Four edges discontinious £ 10.044]0.052|0.059]0.066|0.093]|0.079]|0.091|0.100| 0.125 0.049
« _ _ [ I R _

of a slab shall be deemed to be resisted by
ts of Clause 9.1.3.3, Item (e).

hen one edge is discontinuous, the reactions on all continuous edges are increased
by\10% and the reaction on the discontinuous edge can be reduced by 20%; and

(c) when adjacent edges are discontinuous, the reactions are adjusted for elastic shear
considering each span separately.
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Edge of supporting
beam or wall

FIGURE 6.10.3.4 ALLOCATION OF'LOAD

6.10.4 Simplified method for reinforced two-way sl

6.10.4.1 General

s havipg multiple spans

abs with or without
and beam-and-slab
forces in both

For multiple-span reinforced two-way slab systems, including solid

(a)
(b) i ay be offset up to a
(c) h the centre-lines of its supporting members, the

...6.10.4.2

F4 = uniformly distributed design load per unit area, factored for strength

&=
[

width of the design strip
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L, = L minus 0.7 times the sum of the values of as, at each end of the span
[see Figure 6.1.4(B)]

6.10.4.3 Design moments

The design moments in a span shall be determined by multiplying the total static moment
(M,) by the relevant factor given in Tables 6.10.4.3(A) or 6.10.4.3(B), as appropriate

the adjoining members.

TABLE 6.10.4.3(A)
DESIGN MOMENT FACTORS FORAN E

Type of slab system and edge Exterior negatiée\ PW Intetior negative
rotation restraint moment factor \moment factor oment factor
Flat slabs with exterior edge
unrestrained

0.0 0.60 0.80

Flat slabs with exterior edge restrained
by columns only

Flat slabs with exterior edge restrained

30 . 0.70
by spandrel beams and columns
Flat s!abs with exterior edge fully 0.65 /\93\5/ 0.65
restrained

Beam-and-slab constr}m{on w 15 0.55 0.75

0.25 0.50 0.75

TABLE 6.10.4.3(
DESIGN MOMENT FACT AN INTERIOR SPAN

SF
Wf slab System Ne atlvit;lfgent Positive moment factor

0.65 0.35

)L, (L) —1.2gL, (L)’ ..6.1045

L; = smaller value of L, for the adjoining spans

At an exterior support, the actual moment shall be taken.
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6.10.4.6 Shear forces in beam-and-slab construction

In beam-and-slab construction, the shear forces in the supporting beams may be determined
by using the allocation of load given in Clause 6.10.3.4.

6.10.4.7 Openings in slabs

Only openings that conform with the requirements of Clause 6.9.5.5(a). and
Clause 6.9.5.5(b) shall be permitted in slabs.

7
S
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SECTION 7 STRUT-AND-TIE MODELLING

7.1 GENERAL

It shall be permissible to use strut-and-tie models to represent the conditions at overload
and at failure in non-flexural members and in non-flexural regions of members, as a basis
both for strength design and for evaluating strength.

A strut-and-tie model shall consist of compression elements (struts) and
(ties) that are connected together at nodes to form a load-resisting struct

Strut-and-tie models shall satisfy the following requirements:

(a) Loads shall be applied at nodes, and the struts and ties shall’'be subjected only
force.

(b) The model shall provide load paths to carry the loads
or into adjacent regions.

(c) The model shall be in equilibrium with the applied AL fions.

(d) In determining the geometry of the model, the di
nodal zones shall be taken into account.

iensions ofthe struts, ties, and

(e) Ties shall be permitted to cross struts.
(f)  Struts shall cross or intersect only at nod

(8) i e-between the axes of any

(h) € poi e’between the axes of any

compression fieldy as shown in/Fi .2.1. Prismatic struts shall be used only where the
co ive-stress field cannét diverge.

.7.2.2

The angle () is’'measured between the axis of the strut and the axis of a tie passing through
a common node (see Figure 7.2.2). Where more than one tie passes through a node, or
where the angle (6) is different for nodes at each end of a strut, the smallest value of 8 shall
be used in determining f.
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(a) Prismatic compression
field

rsting for

pression field

S OF STRUTS

103773_AS 3600_Public Comment.doc - 17/08/2017 16:20:03



DRAFT ONLY 103 DRAFT ONLY

< C
“ %
Axis of strut / //

14
4

> A b v
»

* /< /AXIS of tie

v

FIGURE 7.2.2 DEFINITIO

7.2.3 Design strength of struts

93 B,0.9 1A,

where

Ae

.7.2.3

B

crease the strength of a strut. Such

............................................................................... for serviceability; and
.............................................................................................. for strength.

The bursting force across the strut at cracking shall be taken as—

T,. =0.7bl, f., L0 7.2.400)
where
b = width of rectangular cross section or member
Iy = length of the bursting zone [see Figure 7.2.4(A)]
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If the calculated bursting force (7, ) is greater than 0.57, ., with tan « taken as %, then
transverse reinforcement shall be provided in either—

(i) two orthogonal directions at angles » and j» to the axis of the strut
[see Figure 7.2.4(B)]; or

(i) one direction at an angle  to the axis of the strut, where 7 shall be not less than 40°

and shall satisfy the following—
(A) for serviceability

ZAsi fsi Sil’l yi 2 max (bes H becr )
(B) for strength
¢stzAsif‘sy sin Vi = Tb*

The transverse reinforcement shall be evenly distribut u e length of the
bursting zone (/,), which is given by—

I, =Nz'+a’ -d,

and a, d. and z are the shear span, the wi
inclined compressive strut normal to the
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| a

‘ CCC Node\~l\—"\/—r /

ldealized parallel
sided strut

CCT Node —]

© T
g N

FIGURE 7.2.4(A) MODEL OF BURSTING FORCES IN BOTTLE-SHAPED STRUTS
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s
e
//
As1 - /K
\ e / ; Axis of

strut

FIGURE 7.2.4(B) BURSTING REINFORCEMENY

7.3 TIES
7.3.1 Arrangement of ties

he reinforcement and/or
of the tie, and
¢ tie in the strut-

Ties shall consist of reinforcing steel a
tendons shall be evenly distributed across the nodal régions at each
arranged such that the resultant tensile e
and-tie model.

7.3.2 Design strength of ties

The design strength of4 tie shall bg taken as Ap(Opet + AO'p)] where (Gp.ef + Aop)

there are two or more struts and a single tension tie entering the node.

(c) CTT—there are two or more tension ties entering the node.
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7.4.2 Design strength of nodes

Where confinement is not provided to the nodal region, the design strength of the node shall
be such that the principal compressive stress on any nodal face, determined from the normal
and shear stresses on that face, is not greater than ¢, 3 0.9 f/ where—

(a) for CCC nodes S, = 1.0; or

(b) for CCT nodes S, =0.8; or

(¢) for CTT nodes £, = 0.6.

The value of the strength reduction factor (¢s) shall be taken from Table

Where confinement is provided to the nodal region, the design streng
determined by tests or calculation, considering the confinement
value corresponding to a maximum compressive principal stress on any>face of ¢, 1.8 /.

C

7.5 ANALYSIS OF STRUT-AND-TIE MODELS
In the analysis of a strut-and-tie model to determine the
the requirements of Clause 6.1.1 shall be satisfied, a
complied with.

7.6 DESIGN BASED ON STRUT-AND- MODELLIN

7.6.1 Design for strength

When strut-and-tie modelling is used for stre design, the requirements of Clause 2.2.4

shall be satisfied.
7.6.2 Serviceability checks

When design for strength is based on strut-and-tie modelling, separate checks shall be
undertaken to ensure that the design'\requirements for gerviceability are satisfied.

103773_AS 3600_Public Comment.doc - 17/08/2017 16:20:03



DRAFT ONLY 108 DRAFT ONLY

SECTION 8 DESIGN OF BEAMS FOR
STRENGTH AND SERVICEABILITY

8.1 STRENGTH OF BEAMS IN BENDING
8.1.1 General

L-beams shall be as given in Clause 8.8.
This clause does not apply to non-flexural members covered by Sectic
8.1.2 Basis of strength calculations

Calculations for strength of cross-sections in bending shg
strain-compatibility considerations and be consistent with

(a) Plane sections normal to the axis remain plang” after kending, €xcept for unbonded
tendons (see Clause 8.1.8).

(b) The concrete has no tensile strength.

(c) The distribution of compressive stress
for the concrete in accordance wit

is determined from a stress-strain relationship
Clause™3.1.4 (see Note 1

(d) The strain in compressive reinforcement.does not exe
NOTES:

1 If a curvilinear stress-strain relationship\is used
(a) Clause 3.1.4 places a limit on the valug of the maxim

(b) the strain i

1y concrete stress; and
the extreme comptession fibfe may be adjusted to obtain the

a, =0/85-0.0015f] ...within the limit of a, > 0.67 ... 8.1.3(1)

7 ...within the limit of y > 0.67 ... 8.1.3(2)

8.1.4 Dispersion angle of prestress

In the absence of a more exact calculation, the dispersion angle of the prestressing force
from the anchorage shall be assumed to be 60° (i.e. 30° either side of the centre-line).
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8.1.5 Design strength in bending

The design strength in bending of a section shall be taken as not greater than ¢M,,, where ¢
is determined from Item (b) of Table 2.2.2.

Sections with ky, greater than 0.36 and where M* > 0.89M,, shall be used only when—

(a) the structural analysis is carried out in accordance with Clauses 6.2 to 6.6; and

(b) compressive reinforcement of at least 0.01 times the area of concrete in co
is used and restrained as specified in Clauses 8.1.11.7 and 8.1.11.8, as appropria

8.1.6 Minimum strength requirements

8.1.6.1 General

(Muo)min =12 [Z(f,tf +Pe/Ag)+Pee]

C

where

z

... 8.1.6.1(2)

L-sections with the web in tension:

1/4
bi—l 0.4DS —0.18 [>0.20 Dot
b, D b,

and L-sections with the flange in tension:

2/3
b D b
dy =0'20+[ bef —1}(0.25 DS —o.ongo.zo(bij
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8.1.6.2 Prestressed beams at transfer

The strength of a prestressed beam at transfer shall be checked using the load combinations
specified in Clause 2.4 and a strength reduction factor (¢) for the section of 0.6.

This requirement shall be deemed to be satisfied if the maximum compressive stress in the
concrete, under the loads at transfer, does not exceed—

(a) for a section that is rectangular in cross section and where the stress distri Y, 1S

triangular in shape, 0.6f,; otherwise
(b)  0.5f.
8.1.7 Stress in reinforcement and bonded tendons at ultimate streng
The stress in the reinforcement at ultimate strength shall be taken a

ym effective stress in
d’be reached in bonde

In the absence of a more accurate calculation and provided the
the tendons is not less than 0.5f5, the maximum stress that
tendons at ultimate strength (opu) shall be taken as—

k k
O-pu:fpb(l_ 1 zj 817(1)
I
where
ki = 0.4 generally; or
if foy /fop 2 0.9,
ki = 0.28; and
... 8.1.8(1)
... 8.1.8(2)

8.1.9 Spacingof reinforcement and tendons

The minimum clear distance between parallel bars (including bundles of bars), ducts and
tendons shall be such that the concrete can be properly placed and compacted in accordance
with Clause 17.1.3. The maximum spacing of longitudinal reinforcement and tendons shall
be determined in accordance with Clause 8.6.1(b).
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8.1.10 Maximum diameter of longitudinal beam bars in internal beam/column joint
zones

For nominally ductile structures the maximum diameter of longitudinal beam bars passing
through beam column joint zones shall not exceed the appropriate requirement given below
for internal beam column joints:

(a)  Where the critical load combination for flexure in a beam at the face of an inte

shall be limited to:
dy/h<=4aNf!]f,

where of is taken as 0.85 where the beam bar passes throug
frame and as 1.0 for a joint in a one-way frame.

(b)  Where the critical load combination for flexure in a b

limited to:

dy/hy<=6aN f11(fo,+ 1)

At non continuious supports shall be anchored to develop fsy at the face of the support
i andard hook satisfying Clause 13.1.2.7 or headed deformed bar satisfying

Beams along the perimeter of the structure shall have continuous reinforcement over the
span length passing through the region bounded by the longitudinal reinforcement of the
column consisting of the following:
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(i) At least one-sixth of the tension reinforcement required for negative moment at the
support, but not less than two bars.

(i1)) At least one-quarter of the tension reinforcement required for positive moment at the
midspan, but not less than two bars.

At non-continuous supports, the reinforcement shall be anchored to develop fiy at the face

bottom reinforcement shall be spliced at or near the support.
splices, or mechanical or welded splices.

8.1.11.3 Continuation of negative moment reinforcement

Not less than one third of the total negative momer
support shall be extended a distance equal to the ove
beyond the point of contra-flexure.

8.1.11.4 Anchorage of positive moment reinforcement

Anchorage of positive moment reinforcement shall the following

requirements:
(a) At asimple support:
()

Sufficient positive moment reinforce hall be anchoed for a length (Lst)

(b)

of the support

8.1.11.5 Shear strength requirements near terminated flexural reinforcement

If tensile reinforcement is terminated, the effect on the shear strength shall be assessed in
accordance with the principles of ‘strut-and-tie modelling’.

This requirement shall be deemed to be satisfied if any one of the following conditions is
met:

103773_AS 3600_Public Comment.doc - 17/08/2017 16:20:03



DRAFT ONLY 113 DRAFT ONLY

(a) Not more than a quarter of the maximum tensile reinforcement is terminated within
any distance 2D.

(b) At the cut-off point, ¢V, > 1.5V".

(c)  Stirrups are provided to give an area of shear reinforcement of As + Asymin for a
distance equal to the overall depth of the cross-section (D) along the terminated bar
from the cut-off point, where A5y and Asvmin are determined in accorda
Clause 8.2.

8.1.11.6 Deemed-to-conform arrangement of flexural reinforcement

For continuous reinforced beams analysed using simplified methods of apalysis, as detailed

(a)
(1)
(i)
and
(iii)
(b)
(1)
(i)

that the points of‘termination are staggered by a distance greater than or equal to 40 times
the diameter of'the larger bar within the bundle.

The unit of bundled bars shall be treated as an equivalent single bar of diameter derived
from the total area of the bars in the bundle.
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8.1.11.9 Detailing of tendons
In prestressed members—

(a) detailing of tendons for termination, anchorage and debonding shall be based on a
hypothetical bending-moment diagram formed by uniformly displacing the calculated
positive and negative bending moment envelopes a distance (D) along the beam from
each side of the relevant section of maximum moment;

(b) anchorages and stress development, as appropriate, shall be provided for-all tendons
in accordance with Clause 12.5 and Section 13;

(c) at a simple support of a pretensioned member, at least one third of the te

the member without debonding; and

the bursting and/or

(d) for horizontal curvature of tendons, the designer shall asses
splitting capacity of the beam.

8.2 STRENGTH OF BEAMS IN SHEAR

8.2.1 General

8.2.1.1 Combined flexure, torsion and shear

torsion, flexure, and shear and axial . ' flexural members
covered by Sections 7 and 12.

8.2.1.2 Consideration of torsion

may be disregarded, prov1ded the

minimum torsion Clause 8.2.5.4 and the detailing

requirements of C

.8.2.1.2(1)

the length of the outside perimeter of concrete cross-section

age intensity of effective prestress in concrete at the centroid, or at the
janction of the web and flange when the centroid lies inside the flange
For cellular structures—

Az
<24, ... 8.2.1.2(2)
Pe
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where

A, = area enclosed by shear flow path, including any area of holes therein

by, = effective width of the web (see Clause 8.2.1.4)

The equivalent factored shear force (V;) at any section for co-existing applied shear (V")

and applied torsion (7") shall be taken equal to the following—

(a) For solid sections:

. 12
V;Z (V*)2+|:0.22”h:|

(b) For box sections:

V; s T d,
24,
where
Un =
ds = distance from the extreme compression fibre to th

tensile reinforcement

8.2.1.3 Vertical component of prestre

] e minimum web width within the effective
ining b, at a particular level, for prestressing ducts with

.8.2.1.5

1.2 for ungrouted duct

NOTES:
1 kg may be reduced in the presence of reinforcement transverse to the plane of the web.

2 For solid circular sections, by may be taken as the diameter.
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8.2.1.6 Requirements for transverse shear reinforcement

Except for slabs less than 300 mm in depth and walls, transverse shear reinforcement shall
be provided in all regions where—

(a) V' >0.5¢(V,. +P,); or

(b) T >0.25¢T,; or

(c) the overall depth of the member D > 750 mm.
8.2.1.7 Minimum transverse shear reinforcement

The minimum area of transverse shear reinforcement (A4sv.min) provided in a beam shall be
calculated from the following equation—

Agmin =0.06 1 bys / fiyr 20.35b,5/ f ¢

where

Ky =

8.2.2.3 [nterface regions

Interfaces between elements shall be designed for shear transfer in accordance with
Clause 8.4.
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8.2.2.4 Detailed analysis

In lieu of the methods specified in Clauses 8.2.2.1 to 8.2.2.3, the resistance of members in
shear or in shear combined with torsion may be determined by satisfying the applicable
conditions of equilibrium and compatibility of strains, using appropriate stress-strain
relationships for reinforcement and for diagonally cracked concrete.

8.2.3 Sectional design of a beam
8.2.3.1 Design shear strength of a beam
The design shear strength of a beam (¢V,) shall satisfy—

oV, =V, 2.3.1

where

V,zV, +V,+P,

and
Vue = determined from Clause 8.2.4
Vus = determined from Clause 8.2.5
P, = vertical component of prestress crossing the under consideration

(see Clause 8.2.1.2)
8.2.3.2 Maximum transverse shear nedr a support
The maximum transverse shear near a support 1 be taken™a

(a) the face of the support; or
(b)

strength (V) at any section be taken as greater than—

cot(&v)+cot(av) P or 8.23.3(1)
1+Cot2(9\/) ') ... 0.4.0.
o,
851 b.d, col( V)+200t(aV) + P, at transfer ...8.23.3(2)
b 1+cot*(6,)

Vumax = ultimate shear strength limited by web crushing failure

ke = 30 13
0.55[—9 <0.55; or
/.

C
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1/3
0.55[ 30 J <0.55 at transfer

0.851;,
dy = effective shear depth (see Clause 8.2.1.8)
6, = angle of inclination of the compression strut, (see Clause 8.2.4.2)
oy = angle between the inclined shear reinforcement and the longitudi sile
reinforcement

8.2.4 Shear strength of a beam excluding transverse shear reinforce
8.2.4.1 General

The shear strength may be determined by any of the following,
for use of the chosen model are satisfied:

(@) V,=kbd,\[f!

where
J accordance with
either—
(1)
(i1)
(b) Simplified procedure for uncracked v in\_accordance with

...8.2.4.2

> 20° for prestressed concrete members
8.2.4.3 Determination of the longitudinal strain in concrete ¢, for shear

In lieu of more accurate calculations, the longitudinal strain (&) in the concrete at the
mid-depth of the section & shall be calculated as follows:

M1 d, +|V*‘—PV +0.5N ~ 4, f,
&, =
2(E A, +E,4,)

° <3.0x107° ... 8.2.4.3(1)
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Where ¢ as calculated above is less than zero, &x may either be taken as zero or calculated
as follows:

~P,+0.5N" — 4, f,
2B A+ Eydy )

° within the limits—0.2x10° < g, <0 . . .8.2.4.3(2)

where
(a) M" and V" are absolute values and M~ > (V* —Pv)dv .

(b)  N'is taken as positive for tension and negative for compression.

(c) As and Ap are the areas of reinforcing bars and prestressing

the section under consideration shall be reduced i
development.

2 *
+ 09T ”h} +OSN" 4, [,
.8.2.4.4(2)
2(E, Ay +E, Ay +E A,)
within the limits —0.2 x 10 < &, < 0 and M" and V" are absolute values and where—
> [09T"w, |
M zd, |V -Pv) + 277 Uy .8.2.4.4(3)
24,

N" is taken as positive for tension and negative for compression.
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For rigid frames and rectangular culverts, the value of N* used to determine &, may be taken
as twice the compressive axial thrust calculated by elastic analysis.

Asc and Ay are the areas of reinforcing bars and prestressing tendons respectively in the half
depth of the section containing the flexural tension zone.

NOTES:
1 fpo may be taken as 0.7f,, for bonded tendons outside the transfer length and f;. for
tendons.

2 In calculating 4, the area of bars that terminate less than their development le
section under consideration shall be reduced in proportion to their lack of fu

calculated from the equation shall be doubled.

ky and 6, may be determined from Clause 8.2.4.4 using & value 0f & thatis greater than that
calculated from the equation in this clause. The mid<depth strain parameter. shall not be
greater than 3.0 x 1072,

8.2.4.5 Web crushing due to combined shear and torsion

The minimum wall thickness (¢y) to avoid and torsion shall

be calculated as follows—

rushing from combi

(a) For box sections—

(i)  Where wall thickness tw > Aon

V'-P  Tu _

< .. 8.2.4.5(1)
bd, 174
(ii)
V' -P,
™ ... 8.2.4.5(2)
... 8.2.4.4(3)

of exterior closed transverse torsion

yield strength of the longitudinal reinforcement does not exceed 500 MPa, the design
concrete strength does not exceed 65 MPa and the size of maximum aggregate particle is
not less than 10 mm, the angle of inclination of the compression strut (#,) shall be taken as
36°, and the value of &, shall be determined as follows—

(a) For Asy < Asy.min ky = 200/(1000 + 1.3d.)
=010 ... 8.2.4.6(1)
(b)  For Asy > Asy.min ky=0.15 ... 8.2.4.6(2)
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8.2.4.7 Simplified method for uncracked prestressed concrete beams

The ultimate shear strength (V..) of a reinforced beam, excluding the contribution of shear
reinforcement, shall be calculated from the following equation—

o =%+Nﬂf + [ O () —rcp(y)} ..82.47
where
I = second moment of area of concrete section
y = distance from the centroidal axis to the section under consjd

Sc(y) = first moment area above y and about the centroidal axis
b.(y) = width of the cross-section at a y from the centroid

owp(¥)= concrete compressive stress at y from centroida

) {;u}%

dtie to prestressing,

AC lC
) = height of concrete centroidal axis,
)= 1 | A . Y. -¥)S.(») |dP()
b,V A4 I,

ar = L/I(1.2 Ly)

Pointof failure <>

2.4.7 |LOCATION OF POINT OF FAILURE (k) AT HEIGHT y FROM
CENTROID
Secondary’effects on V.

Where stresses due to secondary effects such as creep, shrinkage and differential
temperaturevare significant, they shall be taken into account in the calculation of V. both
for reinforced and prestressed concrete beams.

8.2.4.9 Reversal of loads

Where loading cases occur which result in cracking in a zone usually in compression, the
value of V. obtained from Clause 8.2.4 may not apply. In this case, V. shall be assessed or
be taken as zero.
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8.2.4.10 Shear strength of a beam with minimum reinforcement

The minimum ultimate shear strength (Vumin) of a beam provided with minimum shear
reinforcement (A4sv.min ) shall be taken as the greater of—

@ ¥, +0.1b,d,[f! ...8.2.4.10(1)

(b) ¥, +0.6b,d,

8.2.5 Transverse shear reinforcement

8.2.5.1 General

changes.
8.2.5.2 Transverse reinforcement for shear

The contribution to the design shear strength (V) by she
shall be determined from the following equations—

(a) For perpendicular shear reinforcement:

Vie = (4, foyd, | s)c0t(6,) ... 8.2.52(1)
(b) For inclined shear reinforcement:
Vie = (4, fiyrd, 1 5) (sin(a, ) €0t (6, ) + cos(, ... 8.2.5.2(2)

where

oy = angle between the inclined sl
reinforcement

... 8.2.5.5(1)

...8.2.5.5(2)

. Reinforcement provided for this requirement may be included in the requirement for
minimum shear reinforcement (Clause 8.2.1.6).

and

(b) Longitudinal reinforcement in accordance with Clauses 8.2.7, 8.2.8 and 8.2.9.
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8.2.5.6 Torsional resistance

The value of T shall be determined from the following equation:

T, = 2A0Asw—fsy'fcot(ﬁv) ...82.5.6
s
where
Ao = 0.85 Ao
6, = as calculated in Clause 8.2.4.2

8.2.6 Hanging reinforcement

Loads applied to a member other than at the top chord of the member-shall be transferred to
the top chord, within the load application region, by the provision’of |

of area consistent with strut-and-tie modelling.

Additional longitudinal reinforcement and tendons o
section shall be proportioned such that the additional
calculated as follows—

(a)  Shear with torsion:

AF, :0.5N*+\/(V*—0.5VUS—PV)2{ ‘ ... 8.2.7(1)
or
(b) Shear without torsion:

...8.2.7(2)

ositiwe for axial tension and negative for

e_fully anchored and proportioned such that

...8.2.7(3)

. 2
X X 2 1045T u
AF,,=0.5N +\/(V —O.SVuS—PV) J{Th} cot(é’v), but not ... 8.2.8(1)

less than zero

or
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(b)  Shear with torsion:
AF,y=0.5N"+(V" -0.5V, —P,)cot(6,), ... 8.2.8(2)

where M" and V" are absolute values and N, is positive for axial tension and negative for
axial compression.

Additional reinforcement and tendons shall be fully anchored and proportioned su
the following is satisfied—

Ast(sy 2 AF;:d /¢
NOTE: Where the reinforcement is not fully anchored, see Clause 13.1.2.3.

8.2.9 Extension of longitudinal reinforcement and tendons
8.2.9.1 General

At every section the longitudinal reinforcement and tendong shall b¢ designed to resist

where D and d, are taken at the section under sideration:
d Ocot(0 v)

LEGEND:

FIGURE 8.2.9.1 ILLUSTRATION OF THE CURTAILMENT OF LONGITUDINAL
REINFORCEMENT AND TENDONS, TAKING INTO ACCOUNT THE EFFECT OF
INCLINED CRACKS AND THE RESISTANCE OF REINFORCEMENT AND TENDONS
WITHIN ANCHORAGE LENGTHS
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8.2.9.2 Compression fan regions

In regions adjacent to maximum moment locations, the cross-sectional area of longitudinal
reinforcement on the flexural tension side of the member shall not exceed the cross-
sectional area required to resist the maximum moment acting alone, where the support or
the load at the maximum moment location introduces direct compression into the flexural
compression face of the member and the member is not subject to significant torsion,

8.2.9.3 Anchorage of longitudinal reinforcement at exterior supports

At exterior direct-bearing supports, the longitudinal reinforcement on the f]
side of a beam shall be capable of resisting a tensile force of—

¢fyAy 205N + (V" =0.5V, - P,)cot(6,)

intersects the centroid of the reinforcement.
NOTES:

accordingly.

8.3 GENERAL DETAILS

At\the cut<off point, ¢V, > V:;; or
(c)  Stirrups are provided to give an area of shear reinforcement of As + Asymin for a
distance equal to the overall depth of the cross-section (D) along the terminated bar
beyond the cut-off point, where Asymin and A, are determined in accordance with
Clause 8.2.1.6 and Clause 8.2.5.1, respectively.
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8.3.1.4 Anchorage of flexural reinforcement

Notwithstanding the requirements of Clause 8.2.9, anchorage of positive moment
longitudinal flexural reinforcement provided at mid-span shall meet the following
requirements—

(a) not less than one half of the bar area shall extend into a simple support for a length of
12 dp; and

(b) not less than one quarter of the bar area shall extend into a support where
continuous or flexurally restrained.

8.3.1.5 Restraint of compressive reinforcement

Compressive reinforcement required for strength in beams shall be res
accordance with Clause 10.7.4.

8.3.1.6 Bundled bars
Groups of parallel longitudinal bars bundled to act as a uni
(a) have not more than four bars in any one bundle;
(b) be tied together in contact; and

(c) be enclosed within stirrups or fitments.

Within the span of a flexural member, individual bars in a bundle shall be terminated so

of the bars in the bundle.
8.3.1.7 Detailing of tendons

the top and bottom of a member such that the design stress can be fully developed. Where stress
in the shear reinforcement are greater than 500 MPa at the ultimate limit state, crack widths under
service conditions should be considered. [Requires BD002 discussion]
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8.3.2.2 Spacing

In members not greater than 1.2 metres in depth, the maximum longitudinally spacing shall
not exceed the lesser of 300 mm and 0.5D; otherwise, the longitudinally spacing shall not
exceed 600 mm.

The maximum transverse spacing across the width of the member shall not exceed the lesser
of 600 mm and D.

8.3.2.3 Extent

The shear reinforcement required at the critical cross-section shall be carried to the face of

the support.

decreasing shear. The first fitment at each end of a span shall be posjtioned not moresthan

50 mm from the face of the adjacent support.

e\tension face of
and tendons

Shear reinforcement shall extend as close to the compr
the member as cover requirements and the proximity
will permit.

8.3.2.4 Anchorage of shear reinforcement

shall be multiplied by 1.3.

Shear reinforcement shal

ould not induce splitting or spalling of the concrete cover.
cogs shall not to be used when the fitment cog is located

by embédding two or more transverse wires at least 25 mm within the compressive

zone.
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8.3.3 Detailing of torsional reinforcement

Torsional reinforcement shall be detailed in accordance with Clause 8.3.2.4 and the
following:

(a) Torsional reinforcement shall consist of both closed fitments and longitudinal
reinforcement and tendons.

(b) The closed ties shall be continuous around all sides of the Cross - -section and ancho

the web, or width of the ﬂange, with adequate anchorage by
at the intersection of webs and flanges.

ans” of hooks>or cogs

Alternatively, stirrups or fitments may be lapped. Laplengths shall be as calculated in
Clause 13.1.2, except that for stirrups or fitments-adjacent to the cove
lap length calculated in Clause 13.1.2 shall be maltiplied

(c) Additional longitudinal reinforcement shall be placed as tlose as practicable to the
corners of the cross section, and in all cases at least one longitudinal bar shall be
provided at each corner of the closed ties.

(d) The section shall be capable of distributing-a
corners of the torsion cell.

ial torsional tensile force equally to the

8.4 LONGITUDINAL SHEAR IN COMPO
8.4.1 General

D MONOLITHIC BEAMS

.8.4.2

For a shearplane that passes through a region in tension—

[ = ratio of the tensile force in the longitudinal reinforcement (calculated between the
extreme tensile fibre and the shear plane) and the total tension force in the
section
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8.4.3 Shear stress capacity
The design shear stress at the shear interface shall not exceed 7, where—

_ [Asfﬂy
T=pH

&y ,
+ 22 kS ...843
sb, bfj Ja

< lesser of (0.2 f, 10 MPa)

where
7, = unit shear strength

gp = permanent distributed load normal to the shear interface pe
per millimetre (N/mm)

i = coefficient of friction given in Table 8.4.3
keo= cohesion coefficient given in Table 8.4.3

by = width of the shear plane, in millimetres (m

SHEAR PLANE URF

Coefficients
Surface condition of the'shear
M keo
A smooth surface, as obtained by casting against a\form, or fifished to a similar 06 01
standard ’ ’

A surface trowelled or tamped, so\that the fines have been brought to the top, but
where some small ridges, indentations or un left; slip-formed 0.6 0.2
and vibro<heam screeded; or produced by some usion technique

0.9 0.4

0.9 0.5

NOTE; Where 4 bea
tensile stress or fati

is subjected to high levels of differential shrinkage, temperature effects,
e effects across the shear plane, the values of y and kco in the above table do

Where reinforcement is required to increase the longitudinal shear strength, the
reinforcement shall consist of shear reinforcement anchored to develop its full strength at
the shear plane. Shear and torsional reinforcement already provided, and which crosses the
shear plane, may be taken into account for this purpose.
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The centre-to-centre spacing (s) of the shear reinforcement shall not exceed the maximum

spacing—

Smax = 3.5¢t¢ ...8.44
where

tr = thickness of topping or flange anchored by the shear reinforcement

8.4.5 Minimum thickness of structural components

The average thickness of structural components subject to interface shear sha
than 50 mm with a minimum local thickness not less than 30 mm.

8.5 DEFLECTION OF BEAMS
8.5.1 General

The deflection of a beam shall be determined in accerdance” with Clause 8.5.2

Clause 8.5.3.

Alternatively, for reinforced beams, the effectivespan tg ratio shall

conform with Clause 8.5.4.
8.5.2 Beam deflection by refined calculation
on shallNmake allowance for

The calculation of the deflection of a bea refined calculati

the following:

(a) Cracking and tension stiffening.
(b)  Shrinkage and creep properties of the con
(c) Expected load history.

(d) Expected construction procedure.

(e)

The short-term def
i ication,
1.

(c) For a cantilever, the value at the support.

For the purpose of the above determinations, the value of .t at each of the cross-sections
nominated in Items (a) to (c) above is given by—
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1
Ief = < 2 SIef.max
(1 I\ Moy ... 8.5.3.1(1D)
1)\ M,
where
Ieemax= maximum effective second movement of area and is taken as /, for r€inforged
sections when p = Ax/bd > 0.005 for prestressed sections
= 0.6 I, for reinforced sections when p = A«/bd < 0.005
b = width of the cross-section at the compression face
M = maximum bending moment at the section, hort-term
serviceability load or the construction load
My =

Z(fir—0u+P/ 4,)+Pe=0

provided by the steel reinforcement

= 2.5p, -0.8p., E

p+0.002]b,d*> <[ 0.1/ 57 |b;d> when p=0.001(£))" / g

... 8.5.3.1(2)

0.055( f;)“)/ s> —5oprefd3 <[0.06/ " |bed® when p<0.001(£)" / B>

... 8.5.3.103)

B = bei/by > 1
p = As/(ber d) at midspan
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8.5.3.2 Long-term deflection

For reinforced and prestressed beams, that part of the deflection that occurs after the short
term deflection shall be calculated as the sum of—

(a) the shrinkage component of the long-term deflection, determined from the design
shrinkage strain of concrete (&s) (see Clause 3.1.7) and the principles of mechanics;
and

(b) the additional long-term creep deflections, determined from the deSign

in the estimate of M) by a multiplier, k., given by—
ko =[2-12(4,/4,)]208

at midspan, for a simply supported or continuous beam and at the support, for a cantilever

beam.

8.5.4 Deemed to conform span-to-depth ratios for reinforced beam

For reinforced beams of uniform cross-<section, fullypropped during construstion, subject to
uniformly distributed loads only and wherethe imposed.action (live (¢) does not
exceed the permanent action (dead load)\(g), beain hall be de€émed to conform
with the requirements of Clause 2.3.2 if the ratio of effective span to effective depth
satisfies the following:

.8.5.4

when p>0.001(f)" / >

1/3

0.055( /)" / f** =50p<0.06/ " when p<0.001(f)" / >

where S = bet/bw > 1 and p + Ag/ber d at midspan
k» = deflection constant, taken as—

(a) for simply supported beams, 5/384; or
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(b) for continuous beams, where the ratio of the longer to the shorter of two
adjacent spans does not exceed 1.2 and where no end span is longer than
an interior span—

(i) 2.4/384 in an end span; or
(i1) 1.5/384 in interior spans.

NOTE: E. is in megapascals.

8.6 CRACK CONTROL OF BEAMS

8.6.1 General requirements for reinforced concrete beams

!’

ef period of weather
exposure during construction, and where it is assessed that cracking will not impair the

(a) The minimum area of reinforcenient in a tensi

(b) The distance from the side or soffit e nearest longitudinal

bar shall not exceed 100 mm. Bars ,
i ¢ entre spacing of bars near a
tension face of t ' . For T-beams and L-beams, the

selec ed Value of w'

max

prestressed elements with bonded tendons, the requirement of

distributio
compression.

in the section prior to cracklng is triangular with some part of the section in
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8.6.2.2 Crack control without direct calculation of crack widths
The calculated steel stress (owr) shall comply with:

(a) For beams primarily subject to tension, the calculated steel stress (os.r) on the cracked
section shall not exceed the maximum steel stress given in Table 8.6.2.2(A) for the
largest nominal diameter (dy) of the bars in the section, and under direct loading the
calculated tensile steel stress (oscr.1) shall not exceed 0.8f;y.

(b) For beams primarily subject to flexure, the calculated tensile steel stress’(os.) shall
not exceed the larger of the maximum steel stresses given in—

(i) Table 8.6.2.2(A) for the largest nominal diameter (dy) of th
zone; and

(i) Table 8.6.2.2(B) for the largest centre-to-centre sp
bars in the tensile zone.

aximum steel'stress
MP

v%x = 0\.3\mm Whax = 0.4 mm
265 335

305

215 270
195 240
175 215
160 200
150 185
140 175
130 165

TABLE 8.6.2.2(B)

AXIMUM STEEL STRESS FOR FLEXURE
IN REINFORCED BEAMS

Fe-to-centre Maximum steel stress
spacing MPa
mm Whax =0.2mm | wl . =0.3 mm Wi = 0.4 mm
50 200 300 400
100 170 270 360
150 155 245 330
200 145 225 300
250 135 210 280
300 125 200 260
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8.6.2.3 Crack control by calculation of crack widths

The calculated maximum crack width in a reinforced concrete member at any time after
cracking is given by:

!

W =S\ max (gsm _gcm)gwmax I 8623(1)

where

Sr.max = the maximum crack spacing;

&m = the mean strain in the reinforcement at the design loads for the servigeability
limit states, including the effects of tension stiffening and any imposed
deformations; and

= the mean strain in the concrete between the cracks.

Eecm

The difference between the mean strain in the reinforcement
concrete may be taken as:

o, 06f,
Egqn —Eem = ————(1+n +&,20.6
sm cm ES Esppejff( eppe,ff) cs \ NN 8623(2)

... 8.6.2.3(3)
the tensile bar diameter
c e clear cover to the longitudinal reinforcement
ki = a coefficient that accounts for the bond properties of the bonded
reinforcement, with k; = 0.8 for deformed and k; = 1.6 for plain bars
k» = a coefficient that accounts for the longitudinal strain distribution, with

k> =10.5 for bending and k, = 1.0 for pure tension. For cases in combined
tension and bending, k> = (& + &)/(2&1) and & is the greater and & is the
lesser of the tensile strains at the boundaries of the cross-section (assessed on
the basis of a cracked section)
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8.6.3 Crack control for flexure in prestressed beams

Flexural cracking in a prestressed beam shall be deemed to be controlled if, under the
short-term service loads, the resulting maximum tensile stress in the concrete does not
exceed 0.25,/f! or, if this stress is exceeded, by providing reinforcement or bonded

tendons, or both, near the tensile face with a centre-to-centre spacing not exceeding
300 mm and by either of the following—

(a) limiting the calculated maximum flexural tensile stress in the concrete v
term service loads to 0.6/ f. ; or

(b) limiting the increment in steel stress near the tension face to that
as the load increases from its value when the extreme concrete/fensile fibre
stress to the short-term service load value; or

(c) limiting the calculated maximum crack width in accordanCe with'Clause 8.6.2.3.

TABLE 8.6.3

MAXIMUM INCREMENT OF STEEL'STRE
FOR FLEXURE IN PRESTRESSED B

Nominal reinforcement Maximum increment
bar diameter (db) of steel stress
mm

<12
16
20

200

ere the overall depth exceeds 750 mm,
bars at 200 mm centres or 16 mm bars at

induced by machinery, or vehicular or pedestrian traffic, will not
¢ serviceability of the structure.

AMS AND L-BEAMS

8.8.1 General

Where a slab is assumed to provide the flange of a T-beam or L-beam, the longitudinal
shear capacity of the flange-web connection shall be checked in accordance with
Clause 8.4.

For isolated T-beams or L-beams, the shear strength of the slab flange on vertical sections
parallel to the beam shall also be checked in accordance with Clause 8.2.
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8.8.2 Effective width of flange for strength and serviceability

In the absence of a more accurate determination, the effective width of the flange of a T
beam or L-beam for strength and serviceability shall be taken as—

[ I A T T: 11 TSP ber = by + 0.2a; and
(o) T U 7T s TS SPPPPUURTRN ber = bw #0.1a,

shall not exceed half the clear distance to the next member. The effective width so
determined may be taken as constant over the entire span.

8.9 SLENDERNESS LIMITS FOR BEAMS
8.9.1 General

Unless a stability analysis is carried out, beams shall
Clauses 8.9.2 to 8.9.4, as appropriate.

8.9.2 Simply supported and continuous beams

lesser of 100 b./D and 25.

8.9.4 Reinforcement

.8.9.4
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SECTION 9 DESIGN OF SLABS FOR
STRENGTH AND SERVICEABILITY

9.1 STRENGTH OF SLABS IN BENDING
9.1.1 General

g, as appropriate:

the termination and

b

reipforcement is so extended, or to 4d, if all the reinforcement is so extended.

At a support where the slab is continuous or flexurally restrained, not less than
ong quarter of the total positive moment reinforcement required at midspan
shall continue past the near face of the support.

(iv) Where frames incorporating slabs are intended to resist lateral loading, the
effects of such loading on the arrangement of the slab reinforcement shall be
taken into account but in no case shall the lengths of reinforcement be made
less than those shown in Figures 9.1.3.2 and 9.1.3.4, as appropriate.
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(b) Where the bending moment envelope has not been calculated, the requirements of
Clauses 9.1.3.2,9.1.3.3 or 9.1.3.4, as appropriate to the type of slab, shall be
satisfied.

9.1.3.2 Deemed-to-conform arrangement for one-way slabs

For one-way slabs continuous over two or more spans analysed using simplified elastic
analysis, as detailed in Clause 6.10.2, where—

(a) the ratio of the longer to the shorter of any two adjacent spans does not€xceed1.2;
and

(b) the imposed actions (live loads) may be assumed to be uniformly distributed an

load) (g),

the arrangement of tensile reinforcement shown in Figure
conform with Clause 9.1.3.1(a).

Figure 9.1.3.2, for the appropriate end support conditions, shall be deered to conform with

Clause 9.1.3.1(a).

Reinforcement SLAWF{TW

Location Area End traint ontinydus over Little or no end
: Ag ndrestrain pport restraint
Il
- 50 ‘ 0.3L, 1 0.3C, —0.3L, ., B .
= () “a 4.
Top Remainder ——0.8L, 0.2L,~ =0.2L . T a4,

ot less than
required cov

3 <
- le. T4 a4
” a 4 S Lsy.tb
T B <
Lot a4 :
F= e sy N
>50% ! [

Bottom

|
Remainder % i«m 0.1L, ~ i =—0.1L, j : |
1
Face of support /

reinforcement, Shown in Figure 9.1.3.2 and further prescribed herein, shall be deemed to
conform with Clause 9.1.3.1(a):

(a) The arrangement shall apply to each direction.

(b) Where a simply supported or continuous slab is not square, the arrangement shall be
based on the span (L,) taken as the shorter span.

(c) Where adjacent continuous rectangular slabs have unequal shorter spans, the
extension of negative moment reinforcement beyond each face of a common support
shall be based on the span (L) taken as the longer of the shorter spans.
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(d)

(e)

Negative moment reinforcement provided at a discontinuous edge shall extend from
the face of the support into the span for a distance of 0.15 times the shorter span.

At an exterior corner of a two-way rectangular slab supported on four sides and
restrained against uplift, reinforcement shall be provided in both the top and the
bottom of the slab. This reinforcement shall consist of two layers perpendicular to the
edges of the slab and extend from each edge for a distance not less than 0.2 times the
shorter span. The area of the reinforcement in each of the four layers shall be ‘
than—

(i)  for corners where neither edge is CONtiNUOUS .........ccevvvvvvennnreeee s SA4st; and
(ii)) for corners where one edge is CONtINUOUS .....ceeeeeeveeeeeeeeeeeee o 02845,

where Ay is the area of the maximum positive moment reix
midspan.

ended (straight,
mn for a length—
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«

Reinforcement SLAB PROFILE
. Area . .
Location A Without drop-panels With drop-panels
st
COLUMN STRIP | Not less than LT
‘ ‘ required cover i
[=~0.3L =0.3L -~ =0.35L = =0.35L~ !

Top 250% ~—=+0.2L, 0.2L i —0.2L, 0.2 —=—

Remainder
|

- a2~ Lap ngbw

250%

Bottom Remainder

MIDDLE STRIP

Top 100%
>50%
Bottom Remainder ‘ 0.1L
o
[
T \Line of supports
¢ | i

in which ¢ = 0.8-and N" is the column reaction from the floor slab.

Integrity reinforcement shall not be required if there are beams containing shear
reinforcement and with at least two bottom bars continuous through the joint in all spans
framing into the column.

This reinforcement should be placed within the column core and may consist of the
following:

(a) Bottom reinforcement extended to lap over the column in accordance with
Clause 13.2.
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(b) Extra bars over the column extending a minimum distance of 2 Ly« from the face of
the column or column capital and lapping with any existing bottom reinforcement.
These bars should have hooked or cogged ends where terminating at discontinuous
edges.

9.2.3 Minimum reinforcement for distributing loads

Minimum reinforcement in a secondary direction shall be provided for the pu
distributing loads.

NOTE: For shrinkage and temperature effects see Clause 9.4.3.
9.2.4 Spacing of reinforcement and tendons

The minimum clear distance between parallel bars (including bu
tendons shall be such that the concrete can be properly placed and ¢o
with Clause 17.1.3.
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9.3.1.5 Symbols
The following symbols apply:

a = dimension of the critical shear perimeter measured parallel to the direction of M :
[see Figure 9.3(B)]

b, = dimension of an opening [see Figure 9.3(A)]

by = width of the web of a spandrel beam [see Figure 9.3(B)]

Dy = overall depth of a spandrel beam (see Figure 9.2.6)

Ds; = overall depth of a slab or drop panel as appropriate

dom = mean value of d,, averaged around the critical shear perimeter

M* = bending moment transferred from the slab to a suppett i

considered [see Figure 9.3(B)]
u = length of the critical shear perimeter [see Figure 9.
Vi = larger overall dimension of a closed fitment (s

pn = ratio of the longest overall dimension of the
overall dimension, X, measured perpendicular to

9.3.2 Strength
The strength of a slab in shear shall be d

(a)

.9.3.3(1)

NOTEY The value of oy, should be evaluated separately for the case of corner, edge and
internal columns.

(b) where there is a shear head—

Vi =ttd o, (0.5 f] +0.30,,) <0.2ud,, ! ...9.3.3(2)
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Critical shear

perimeter
dom»
2

Ineffective
portion

Boundary of effective
areas of support or load

Boundary of effective
areas of support or load

(a) Without critical openings ] With critical ggenings

FIGURE 9.3(A) CRITICAL SHEAR RERIMETER

Critical skiear a5
perimeters _ >

'\)|

| dom
2 —//|
Spandrel beam

%om

I.\)|

b

FIGURE 9.3(B) TORSION STRIPS AND SPANDREL BEAMS

iregtion of bending moment MT,—\
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9.3.4 Ultimate shear strength where M. is not zero

Where M. is not zero and shear reinforcement, if provided, complies with Clauses 9.3.5
and 9.2.6, then V, shall be determined from one of the following:

(a) If there are no closed fitments in the torsion strip or spandrel beams, V, is given by—

V.=V, /[10 + MM: /(SV* ad,, )]

(b) If the torsion strip contains the minimum quantity of closed fitments
taken as Vy.min given by—

Vo = 1.2V [[LO+ bt /20" &)

u.min

(c) If there are spandrel beams perpendicular to the direction o
minimum quantity of closed fitments, V', shall be taken as

14

u.min

—12¥,, (D, /D,)/[1.0+ur’ /(2V" ab, )|

(d) If the torsion strip or spandrel beam contains
closed fitments, V, is given by—

Ve =Vamo[ (4w )/(0201 7 £ )]

In no case shall V', be taken greate

Vu.max. = 3 Vu,min A (X / y)

... 9.3.4(5)

iv€ly of the cross-section

.9.3.5

The dimensions of the fitments shall be in accordance with Figure 9.3.6.
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Y4 i a
e 7) f QU 0 7
<~ Ds~ Ds <=
¢ po LI "
b
Y1
. .
Dy yy 1 (as large as possi
by within a)
N >/
Dy

FIGURE 9.3.6 PARAMETERS AND DETAILS OF SHEAR

9.4 DEFLECTION OF SLABS
9.4.1 General

The deflection of a slab shall be determined in accord Clause 9.3.2 or

Clause 9.3.3.

Alternatively, for reinforced slabs, the\ effecti atio of the slab

shall conform with Clause 9.3.4.

9.4.2 Slab deflection by refined calculation

The calculation of the defle
the following:

ron_of a slab by refided calculation™Shall make allowance for

(a) Two-way act
(b) Cracking

()
(d)
(e

contindity as the slab in that direction and with the load distributed so that the
proportion of load carried by the beam is given by—

L /(ali+L}) ...9.43

where « is given in Table 9.4.3 for the appropriate slab-edge condition.
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(c) For a two-way flat slab having multiple spans (for deflections on the column lines or
midway between the supports), the column strips of the idealized frame described in
Clause 6.9.

TABLE 9.4.3

COEFFICIENT OF PROPORTIONALITY (o)

Edge condition Coefficient (@)

—

Four edges continuous

One short edge discontinuous
One long edge discontinuous
Two short edges discontinuous

Two long edges discontinuous

Two adjacent edges discontinuous

Three edges discontinuous (one long edge con 'nuou&

Three edges discontinuous (one short edge Continuo

O 0 9 AN L B W

Four edges discontinuous

9.4.4 Deemed to conform span-to-depth ratio for reinforced slab
9.4.4.1 One-way slabs and two-way flat slabs

For a reinforced one-way slab, or a multiple-span reinforced two-way-flat slaby of essentially
uniform depth, fully propped during constructig j i istributed loads and

...944.1

for total deflection; or

(W + kesi)g for the deflection that occurs after the
addition or attachment of the brittle
partitions or finishes

s 18 determined in accordance with Clause 8.5.3.2 and s and y; are
given in AS/NZS 1170.0

ks = 1.0 for a one-way slab

0.95 for a two-way flat slab without drop panels

1.05 for a two-way flat slab with drop panels, which extend at least L/6 in
each direction on each side of a support centre-line and have an overall depth
not less than 1.3D, where D is the slab thickness beyond the drops
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ks = deflection constant, which may be taken as—

(a) for simply supported slabs, 1.4; or

DRAFT ONLY

(b) for continuous slabs, where in adjoining spans the ratio of the longer
span to the shorter span does not exceed 1.2 and where no end span is

longer than an interior span—
(i) 1.75 in an end span; or
(ii) 2.1 in interior spans

9.4.4.2 Rectangular slabs supported on four sides

uniformly distributed loads and where the imposed action (live
the permanent action (dead load) (g), the slab deflection shall

(a) k3 shall be taken as 1.0; and
(b) the appropriate value of k4 shall be taken from Table 9.4.4.

TABLE 9.4.4.2

D\eﬂ&c{ion cMnt (k4)
Edge condition Ratio of lony/ltz)short side
1.0 1.25 1.5 2.0
3.60 3.10 2.80 2.50
3.40 2.90 2.70 2.40
3.40 2.65 2.40 2.10
3.20 2.80 2.60 2.40
3.20 2.50 2.00 1.60
2.95 2.50 2.25 2.00
2.70 2.30 2.20 1.95
2.70 2.10 1.90 1.60
2.25 1.90 1.70 1.50

exposure of the surface.

For regions of slabs fully enclosed within a building except for a brief period of weather
exposure during construction, and where it is assessed that cracking will not impair the
functioning of the structure, only Items (a) and (b) need be satisfied:
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(a) The minimum area of reinforcement in a tensile zone of a beam shall conform with
Clause 9.1.1.

(b) The centre-to-centre spacing of bars in each direction shall not exceed the lesser of
2.0Ds or 300 mm. Bars with a diameter less than half the diameter of the largest bar in
the cross-section shall be ignored.

accordance with Clause 9.5.2.1.
NOTES:

1 For prestressed elements with unbonded tendons, the requirements<for reinforc

characteristic value specified in design.
9.5.2 Crack control for flexure in reinforced slabs,
9.5.2.1 Crack control without direct calculation of crach

The calculated tensile steel stress (owr) shall not exceed the larger ¢f the maximum steel
stresses given in—

(a) Table 9.5.2.1(A) for the largest ndminal dia
and

(b) Table 9.5.2.1(B) for the largest centre-to

eter (dp) of the bars in the tensile zone;

STWR FLEXURE IN REINFORCED SLABS

Maximum sMress (MPa) for overall depth, Ds (mm)

0.2 mm Wiax = 0.3 mm Whax = 0.4 mm

\D§> 300 Ds< 300 Ds> 300 Ds<300 D> 300
230 290 315 365 390
210 260 290 340 360
190 240 265 315 335
175 225 245 290 305
155 205 215 260 270
140 190 195 235 240
125 175 175 215 215
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TABLE 9.5.2.1(B)
MAXIMUM STEEL STRESS FOR FLEXURE IN REINFORCED SLABS

Centre-to-centre spacing Maximum steel stress (MPa)
mm Whax = 0.2 mm Whax = 0.3 mm Whax = 0.4 mm
50 200 300

100 170 270
150 155 245

200 145 225
250 135 210
300 125 200

9.5.2.2 Crack control by calculation of crack widths

(a)

(b)

(c)

IN PRESTRESSED SLABS

Maximum steel stress (MPa) for overall depth, Ds (mm)

m = 0.2>nm Wiax = 0.3 mm Whax = 0.4 mm
\pss 300 Ds> 300 Ds<300 Ds> 300 Ds<300 Ds> 300

245 280 300 340 350 390

210 240 270 300 310 340

180 200 240 260 280 300

160 170 220 220 255 260

145 145 195 195 225 225

120 120 185 185 210 210

All bonded tendons 120 120 185 185 210 210
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9.5.3 Crack control for shrinkage and temperature effects
9.5.3.1 General

The area of reinforcement required to control cracking due to shrinkage and temperature
effects shall take into account the influence of flexural action, the degree of restraint
against in-plane movements and the exposure classification, in accordance with
Clauses 9.5.3.2 to 9.5.3.5.

For members greater than 500 mm thick, the reinforcement required near each s
be calculated using 250 mm for D.

9.5.3.2 Reinforcement in the primary direction

a two-way slab, is not less than—
(a) the area required by Clause 9.1.1; and

(b) 75% of the area required by one of Clauses 9.53.
maximum centre-to-centre spacing of bars re
shrinkage and temperature effects in the prima
Clause 9.5.1(b).

Where a slab is restrained from expanding
area of reinforcement in that-direction shall

strong degte
is required for appearance or

Vhere a strong degree of control over
cracking is required for appearance or
where cracks may reflect through
FINISHES .. (6.0-2.50:,)bD x 107,
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(c) For exposure classifications B1, B2, Cl and C2........................ (6.0-2.50:,)bD x 107,

The centre-to-centre spacing of bars required to provide a moderate degree of control
over cracking shall not exceed the lesser of 2.0D, or 300 mm. For a strong degree of
control over cracking, the centre-to-centre spacing of bars shall not exceed the lesser
of 1.5D; or 200 mm.

9.5.3.5 Reinforcement in the secondary direction in partially restrained slabs

Where a slab is partially restrained from expanding or contracting in the” secondary
direction, the minimum area of reinforcement in that direction shall be assessed takifnig into
account the requirements of Clauses 9.5.3.3 and 9.5.3.4.

9.5.4 Crack control in the vicinity of restraints

In the vicinity of restraints, special attention shall be paid to the i
that may be induced by prestressing, shrinkage or temperature.

9.5.5 Crack control at openings and discontinuities

For crack control at openings and discontinuities in g
reinforcement shall be provided if necessary.

slab, additional properly anchored

9.6 VIBRATION OF SLABS

Vibration in slabs shall be considered and-a where necessary, to
ensure that the vibrations induced by machi edestrian traffic, will not

9.7 MOMENT RESISTING WIDTE ABS SUPPORTING
CONCENTRATED LOADS

components, in g¢cordance with Clause 8.4.
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SECTION 10 DESIGN OF COLUMNS FOR
STRENGTH AND SERVICEABILITY

10.1 GENERAL
10.1.1 Design strength

The design strength of a column shall be determined by its ability to resist the axial forces,
shear forces and bending moments caused by the design loading for
additional bending moments produced by slenderness effects.

10.1.2 Minimum bending moment

shall be taken to be not less than N times 0.05D, where
column in the plane of the bending moment.

10.1.3 Definitions
For the purpose of this section the definitions below app

10.1.3.1 Braced column

lateral bracing.
10.1.3.2 Short column
an be taken as zero.

Column in which the additional bending m 6 slenderness ¢

10.1.3.3 Slender column

Column that does not$atisfy the requirements f

taken as Ly\in'the determination of N.
The value of ¢ shall be determined from Table 2.2.2.
10.2.3 Design procedure using rigorous analysis

Where the axial forces and bending moments are determined by a rigorous analysis, as
provided in Clause 6.5 and 6.6, a column shall be designed in accordance with Clauses 10.6
and 10.7 without further consideration of additional moments due to slenderness. The value
of ¢y shall be determined from Table 2.2.5, as appropriate.
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10.2.4 Design for shear
Design for shear shall be undertaken in accordance with Section 8.2.

Shear reinforcement shall not be less than the fitments required in accordance with
Clause 10.7.2 and Section 14 as applicable.

10.3 DESIGN OF SHORT COLUMNS
10.3.1 General

accordance with Clauses 10.3.2 and 10.3.3 respectively.
A column shall be deemed to be short where—
(a) for a braced column—

L./r <25; or

<a,(38- £ 15)1+ M /M) ...10.3.1(1)
whichever is the greater

where

a, =y225-25N"/0.6N,,

. =y1/3.5N" 106N,

(b) for an unbraced column—

Le/r<22 ... 10.3.1(2)

effective length determined in accordance with Clause 10.5.3; or

i1) for a braced column restrained by beams, 0.9L,
10.3.2 Short column with small compressive axial force

Where the design compressive axial force (N) in a short column is less than 0.1f/4,, the

cross-section may be designed for bending only.
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10.3.3 Short braced column with small bending moments

The bending moments in a short interior column of a braced rectangular framed building
structure may be disregarded if—

(a) the ratio of the longer to the shorter length of any two adjacent spans does not
exceed 1.2;

(b) the loads are essentially uniformly distributed;

(c) the imposed action (live load) (¢) does not exceed twice the permanent actio
load) (g);

(d) members are of uniform cross-section; and
(e) the cross-section of the column is symmetrically reinforced,

in which case the design axial strength (#N,) is taken as not greater
Ny 1s determined in accordance with Clause 10.6.2.2.

10.4 DESIGN OF SLENDER COLUMNS
10.4.1 General

Slender columns shall be designed in accordance with this clause and
and 10.7, with additional bending moments due to slenderness.effects

Clauses 10.5, 10.6
aken into account by

all be taken to be equal to & given by—
... 10.4.2

(a) o for an individual column is calculated in accordance with Clause 10.4.2 assuming
the column is braced; and

(b) o for each column in the storey is calculated as—
1/(1-2N"/ZN.) ... 10.4.3(1)

where the summations include all columns within the storey and N. is calculated for
each column in accordance with Clause 10.4.4.
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As an alternative to Item (b), s may be calculated from a linear elastic critical buckling
load analysis of the entire frame, where J; is taken as a constant value for all columns given

by—
S, =1/[1-(1+ B, )2, )] .. 10.43(2)
where
fa = G/(G+ Q) taken as zero when L./r <40 and N' < M"/2D, and G and.Q are the
design axial load components due to permanent action (dead load) and
imposed action (live load) respectively
as = a correlation factor taken as 0.6
Auwe = ratio of the elastic critical buckling load of the entire

for strength, calculated by taking the cross-sectiona
members and columns as 0.4E./r and 0.8E./. respectivel

The frame shall be proportioned so that & for any column is'not gréater than 1.5.
10.4.4 Buckling load
The buckling load (N.) shall be taken as—

N, =(z?/2)[182d, (gM, ) /(1 + B, )] . 10.4.4
where
M. = My, with ky = 0.545 and ¢= 0.6
10.5 SLENDERNESS
10.5.1 General
The slenderness ratio ( 120, unless a rigorous analysis has

been carried out in 3
accordance with

The end restrdint coefficients (1 and ) shall be determined—

(a) for regular rectangular framed structures where the axial forces in the beams are
generally small, in accordance with Clause 10.5.4;

(b) for all structures, including non-rectangular framed structures or structures where the
axial forces in the restraining members are large, in accordance with Clause 10.5.5;
and

(c)  where the column ends at a footing, in accordance with Clause 10.5.6.
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Alternatively, the effective length of a column may be determined from the elastic critical

buckling load of the frame, as calculated by analysis.

Braced column

Unbraced column

Buckled
shape

|

—_—0 -

|
T

factor (k)

Effective length

0.70

0.85

1.00

1.20 2.20

2.20

Symbols for
end restraint
conditions

\Xﬁ\\=Rotation fixed, translation fixed

\%ﬂ?otation free, trapsfa\tl‘an{xed

Rotation

T = Rotation freg,

ixed, translation free

translation free

FIGURE 10.5.3(A) EFFECTIVE LENGTH 3.
END RESTR
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N
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o

END RESTRAINT COEFFICIENT 7,
o

©
(&)}
7

FIGURE 40.5.3( TIVE LENGTH FACTOR (k) FOR UNBRACED COLUMNS

of the stiffness in the plane of bending of all the columns meeting at
igidly connected to the end of the column under consideration

um of the stiffness in the plane of bending of all the beams or slabs, or
both, meeting at and rigidly connected to the same end of the column
under consideration

p = a fixity factor, given in Table 10.5.4, for fixity conditions at the end of
each beam or slab, or both, opposite to the end connected to the column
under consideration
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TABLE 10.5.4
FIXITY FACTOR (p)

Fixity factor (f)

Fixity conditions at far end

of a beam or slab, or both Beam or slab or both, | Beam or slab or both,

in a braced frame in an unbraced frame

Pinned 1.5 0.5
1.0

Rigidly connected to a column 1.0

Fixed 2.0

10.5.5 End restraint coefficients for any framed structure

stiffness to the sum of the stiffnesses of all the members, e n, meeting at the
end under consideration. In the calculation of the stiffness 0f membérs, other than the

due to axial compression.

10.5.6 End restraint provided by footing

(b) He strain in the extreme fibre may be adjusted to obtain the maximum bending
strength for a given axial load.

2 The effect of confinement on the strength of a section may be taken into account, provided
secondary effects such as concrete spalling, for example, are also considered.

Columns subject to axial force with bending moments about each principal axis may take
into account the concessions given in Clauses 10.6.3 and 10.6.4.
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10.6.2 Strength of cross-sections calculated using the rectangular stress block
10.6.2.1 General

It shall be permissible to represent the strength of a cross-section in combined bending and
compression using a strength interaction diagram as shown in Figure 10.6.2.1 defined as
given in Clauses 10.6.2.2 to 10.6.2.5.

Squash load point (Clause 10.6.2.2)

Decompression
point [(Clause10.6.2,

Clause 10.6.2.4

AXIAL LOAD

Clause10.6.2.5

ng
Qlause 8.1)

Where the neutral axis lies outside of the section, the section strength may be calculated
using a linear relationship between the decompression point given by Clause 10.6.2.3 and
the squash load (Nyo) calculated using Clause 10.6.2.2.
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10.6.2.5 Transition from decompression point to bending strength

Where the neutral axis lies within the cross-section and provided the maximum strain in the
extreme compression fibre of the concrete is taken as 0.003, Clause 10.6.1(c) shall be
deemed to be satisfied for the concrete by assuming a uniform concrete compressive stress
of a, f, acts on an area bounded by—

(a) the edges of the cross-section; and

(b) a line parallel to the neutral axis under the loading concerned, and Jlocated at a
distance yk.d from the extreme compressive fibre, where—

a, =1.0-0.003f, (within the limits 0.67 < & < 0.85)

7 =1.05-0.007 f, (within the limits 0.67 < y< 0.97)

NOTES:
1 The modification of 0.9/, given in Clause 3.1.4 is include

assumptions.

¢. The effect of
eters developed

2 Cover spalling may be a problem in columns cast
cover spalling on strength given in Clause 10.6.1(e)
for the calculation of the interaction diagram.

Shadged areas symmetrical about column centre-lines

6.3 LIMITATION FOR LINE OF ACTION OF THE RESULTANT
AXIAL FORCE

10.6.4 Design for biaxial bending and compression

A rectangular cross-section, subject to axial force and bending moment acting
simultaneously about each principal axis, may be designed such that—

* ay M* ay
[ M, ] +( Y J <1.0 ...10.6.4
(oMux ¢Muy
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where

M.ux, M,y = design strength in bending, calculated separately, about the major and
y g g g p y ]
minor axis respectively under the design axial force (N")

M: M = design bending moment about the major and minor axis respectively,
g magnified, if applicable
On = 0.7 + 1.7N"/0.6Ny,, within the limits 1 < ¢, <2

10.7 REINFORCEMENT REQUIREMENTS FOR COLUMNS
10.7.1 Limitations on longitudinal steel

The cross-sectional area of the longitudinal reinforcement in a colum

(a)

(:7.4), in addition
aximum area required

Special confinement regions are regions where the design action effects satisfy one of the
following [see Figure 10.7.3.1(A)]:

(A) N >0.75¢Ny0 ... 10.7.3.1(1)
(B) N >¢40.3 f/ 4, and M" >0.6$M, ... 10.7.3.1(2)
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®Nuo
Region where the design action

W effects of combined axial force
O N N
e l and .bendlng.on a section
O 0.750Nyo———=~ —L require confinement to the c¢ore
L
—
<_( /—((DMU, (DNu]
<
& (0.60 My, <z>/\/u)—/ //
u_c/_’) ®0.3Agfc
a o

®Muo
DESIGN MOMENT

FIGURE 10.7.3.1(A) CONFINEMENT TO\THE C

Fitments in special confinement region

shall be~provided over the limits defined by the

(I) 1.2 times the dimension of the cross
being considered; and

(2) the distance to th
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\ \
PR |
=il Hlrg
! ! Special confinement
0.60My 120 region
D
0.66M, J—
’ Special confinement
1.2D
M3

(a) Column with confinem&nt regions at m

ends for N*<0.750Ny0

Special confinement
region

(bMColumn with confinement region within member
length for N"<0.759Nyo

FIGURE 10.7.3.1(B) SPECIAL CONFINEMENT REGIONS
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For columns in moment resisting frame structures that are in double curvature where
0.3¢f/4,<N" <0.75¢N,

each end of the member equal to the larger of—

the special confinement regions may be taken as the length from

0 ?

3
() 04L —
‘Ml +‘M2

(i1) 1.2 times that of the larger cross-sectional dimension.

10.7.3.2 Calculation of core confinement by rational calculation

ﬁ.eff = keﬁ
where

ke = an effectiveness factor accounting for the arrangem

fr —

|
[
<
<)
-
o
(4]
(¢)
o
o
=
=
=
=
=
(0]
ge]
=
¢)
w2
w2
o
=
(¢)]
Q
=]
-+
=
<)
<)
Q

NOTE: For non-circular sections, f; is ta

The average confining pressure on the core
follows:

... 10.7.3.3(2)

... 10.7.3.3(3)

A. = cross-sectional area bounded by the centre-line of the outermost fitments
n = number of laterally restrained longitudinal bars [see Clause 10.7.4.2(a)]

= average clear spacing between adjacent restrained longitudinal bars

S
|

103773_AS 3600_Public Comment.doc - 17/08/2017 16:20:03



DRAFT ONLY 167 DRAFT ONLY

b. = core dimension measured between the centre-lines of the outermost
fitments measured across the width of the section

d. = core dimension measured between the centre-lines of the outermost
fitments measured through the depth of the section

(b)  For circular sections

2
k, = 1-5_
2d.

Alternatively, for rectangular or circular columns, the effective confinirig pressure ma
calculated as follows:

ﬁ.eff = O-Skepsféy.f

where

ps = the volumetric ratio of the fitments rel the mof the core
A, , % total perimeter of fitments crossingthe section
calculated as p, = > P

Ap fit Tsy.f ' : ! '

sy.f
y
Ap.fit Tsy.f
's % ; c ff-yy
5 —
NITINEITIETEI 2o, Y
/t b.fit fsy.f
(sin 6) I::
vt XL X
; Ap.fit Tsy.f
r.xXx
fr = min(fr.xx,fr.yy]
(c) (d)

FIGURE 10.7.3.3 CALCULATION OF CONFINING PRESSURES
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10.7.3.4 Deemed to conform core confinement

The requirement of an effective confining pressure of 0.01f] is deemed to be satisfied
provided the fitment spacings do not exceed the following:

(a)  For rectangular sections:
lsnAb.ﬁt sy.f
JiN A

where

n = number of laterally restrained longitudinal bars [see Cla

(b)  For circular sections:

1004, ¢ /s
dyf.
10.7.4 Restraint of longitudinal reinforcement
10.7.4.1 General requirements

The following longitudinal bars in columns shall be latera in accordance with

Clause 10.7.4.2:
(a) Single bars—
(i)  each corner bar;

(i1)

han 150mm or where the

all bars, where bars are spaced at

reinforcing bar;
) the end types on adjacent fitments in plan are alternated;

(C) the end types on consecutive internal fitments along the longitudinal
reinforcement are alternated;

(D) the design axial force is <= 0.3 0.34, f!; and
(B) f! =<50 MPa

103773_AS 3600_Public Comment.doc - 17/08/2017 16:20:03



DRAFT ONLY 169 DRAFT ONLY

(b) a circular fitment or helical reinforcement and the longitudinal reinforcing bars are
equally spaced around the circumference.

Clause 10.7.4.2 (a)(ii)

Clause 10.7.4.2 (a)(iv)

//o‘(

External fitment - \ Clause10.7.4.2
Z
Internal fitment 0 ./ o>

internal fitments
nd to end along
| axis

onsecuti
rnated

10.7.4.3 Diameter and spacing of fitments and
The diameter and spacing of fitments and helices shall confo

(a) The bar diameterof the fitment and heli info
given in Table10.7.4.3.

rcement shall be not less than that

BAR DIA

TERS FOR HITMENTS AND HELICES

Longitudinal bar diamek\ Minimum bar diameter
of fitment and helix
mm

6
10
12
16
12

D, = smaller column cross-sectional dimension if rectangular or the
column diameter if circular

dy = diameter of the smallest bar in the column

(iii)) Where L, < 5D the spacing of the fitments shall not exceed the requirements of
Section 14.5.

103773_AS 3600_Public Comment.doc - 17/08/2017 16:20:03



DRAFT ONLY 170 DRAFT ONLY

(c) One fitment, or the first turn of a helix, shall be located not more than 50 mm
vertically above the top of a footing, or the top of a slab in any storey. Another
fitment, or the final turn of a helix, shall be located not more than 50 mm vertically
below the soffit of the slab except that in a column with a capital, the fitment or turn
of the helical reinforcement shall be located at a level at which the area of the cross-
section of the capital is not less than twice that of the column.

may be used.
10.7.4.4 Detailing of fitments and helices
Detailing of fitments and helices shall be as follows:

(a) A rectangular fitment shall be spliced by welding, /or by
(b) A circular shaped fitment shall be spliced either b

(c) A helical reinforcement shall be anchored at its end by one

(d) Where hooks or cogs are specified inycombinatiot

bundle.

10.7.4.5 Column joint reinforcement

strength requirements given in Clause 10.7.5.2, the force in the bars shall be transmitted
by—
(a) awelded or mechanical splice in accordance with Clause 13.2.6; or

(b) alap-splice in tension in accordance with Clause 13.2.2 or 13.2.5, as appropriate.
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10.7.5.4 End-bearing splice in compression

Where the splice is always in compression, the force in the longitudinal bar may be
transmitted by the bearing of square-cut mating ends held in concentric contact by a sleeve,
provided an additional fitment, which complies with Clause 10.7.4, is placed above and
below each sleeve. The bars shall be rotated to achieve the maximum possible area of
contact between the ends of the bars and the requirements of Clause 10.7.5.2 shall be met.

10.7.5.5 Offset bars

Where a longitudinal bar is offset to form a lap splice—

(a) the slope of the inclined part of the bar in relation to the axis shall not exceed \one in
SiX;

(b) the portions of the bar on either side of the offset shall be para

(c) adequate lateral support shall be provided at the offset.

(a) If the concrete strength specifie

provided.
(b) If the concrete str

025 o o
fe. within the limits
h/D, . 10.8(1)

fC’C S min (fC'C > 2'5fC,S)

overall depth of the joint

smaller column cross-sectional dimension

1! = compressive strength of the concrete in the column

cc

fl = compressive strength of the concrete in the slab or beams

Ccs

The value of 4/D. shall not be taken as less than 0.33.
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(i) For columns restrained on two opposing sides by beams of approximately equal
depth or by a slab, f, shall be taken as—
fe.  within the limits

i {1.1— 0.3 }
h/D, h/D, ... 10.8.(2)
min (£, ,1.33/%)< fi. <min (%, ,2.0/%)
The value of 4/D. shall not be taken as less than 0.33.

I 0.2

depth or by a slab, f, shall be taken as—
fc,e = 1'33 C,S S fC’C

NOTES:
1 Confining reinforcement may be used to increase the effecti
joint.

2 Beams and slabs should provide restraint over the wid
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SECTION 11 DESIGN OF WALLS

11.1 GENERAL

This section applies to the following:

(a) Braced walls (as defined in Clause 11.3) that are subject to in-plane loa
which shall be designed in accordance with Clauses 11.2 to 11.7.

(b) Braced walls that are subject to simultaneous in-plane and out-of-
and unbraced walls, which shall be designed in accordance
Section 10, as appropriate.

(i) second-order deflections due to in-plane

(i1)

11.2 DESIGN PROCEDURES
11.2.1 General

11.2.2 Groups of walls

When two or more walls are directly inter-connected, or linked to each other by coupling
beams or the like, the distribution of in-plane load effects between the walls shall be
obtained by linear elastic analysis of the overall structure under the global vertical and
lateral loads. The analysis shall distribute in-plane load effects to the individual walls in
proportion to their relative stiffness, as determined by their gross cross-sectional properties.
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The interconnected vertical edges of walls shall be designed to withstand the transmitted
vertical shear forces.

11.3 BRACED WALLS

A wall may be considered to be braced if it forms part of a structure that does not rely on
out-of-plane strength and stiffness of the wall and the connection of the wall to the rest of
the structure can transmit—

(a) any calculated load effects; and

(b) 2.5% of the total vertical load the wall is designed to carry at th¢
support, but not less than 2 kN per metre length of wall.

11.4 EFFECTIVE HEIGHT

given as follows:
(a) One-way buckling With floors providing lateral support at't
k = 0.75 where restraint against rotation is proyided atboth ends; and
k =1.0  where no restraint again

(b) Two-way buckling With lateral
intersecting walls—

. 11.4(2)

.. 11.403)

(A) the area of the wall between the support and the opening shall be
designed as supported on three sides; and

(B) the area between the openings shall be designed as supported on two
sides.

NOTE: An intersecting wall with a minimum length of 0.2H, may be considered a lateral
restraint.
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11.5 SIMPLIFIED DESIGN METHOD FOR WALLS SUBJECT TO VERTICAL
COMPRESSION FORCES

11.5.1 General

Where a wall is subject to in-plane bending, the wall shall be divided into one or more
design segments and each segment shall be designed for the highest stress in that segment.

11.5.2 limitation on use of method
Structural walls designed using Clause 11.5.2 shall—

(a) not be used in a building exceeding 12 metres in overall building height as defined in
AS 1170.4;

(b) not be constructed on sites with soil classifications of eithe
subjected to earthquake design actions; and

(c) have a ratio of effective height to thickness that dees not“exceed 20 for sing
reinforced walls or 30 for doubly reinforced walls.

Otherwise, the wall shall be designed as a column in accordan
11.5.3 Design axial strength of a wall
The design axial strength per unit length of a braced wall in sompression can be taken as—
11.5.4 Design axial strength of a wall

Provided the ratio of effective height fo thickness ve 0, the design
axial strength per unit length of a braced, wall in.compression e

... 11.5.4

applied by the floor (or roof) supported by the top of the
d shall be taken as—

inuous floor, one third of the depth of the bearing area measured

enitricity of the aggregated load from all floors above the floor at the top of
being designed may be taken to be zero.

(b)

The resultant eccentricity of the total load from (a) and (b) shall be calculated but taken as
not less than 0.05¢.
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11.6 DESIGN OF WALLS FOR IN-PLANE SHEAR FORCES
11.6.1 Critical section for shear

The critical section for maximum shear shall be taken at a distance from the base of 0.5Ly
or 0.5H,,, whichever is less.

11.6.2 Strength in shear

The design strength of a wall subject to in-plane shear shall be taken as—
oV

where
Vi= Vuet Vs

and V. and Vys are determined from Clause 11.6.3 and Clay
in no case shall V, be taken as greater than—

Vu.max. = 0'2fC, (O'SLWtW)
The value of ¢ shall be determined from Table 2.2.2.

11.6.3 Shear strength excluding wall reinforcement

The ultimate shear strength of a wall excluding wall reinfo uw) shall be taken as

follows:

(a) For Hy/Lw < 1—

. 11.6.3(1)

uc C

H
V. = [0.66 fi-021°2

a) above; and—

(b)

.. 11.6.3(2)

(b) alls where Hy/Lw > 1, pw shall be the ratio of the horizontal reinforcement area
to the cross-sectional area of wall per vertical metre.
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11.7 REINFORCEMENT REQUIREMENTS FOR WALLS
11.7.1 Minimum reinforcement
Walls shall have a reinforcement ratio (pw)—

(a) in the vertical direction, of not less than the larger of 0.0025 and the value required
for strength unless the design axial force does not exceed the lesser of 0.03 £ and
2 MPa where the limit may be reduced to 0.0015; and

(b) in the horizontal direction, of not less than 0.0025, except that for a wall“designed for
one-way buckling [using Clause 11.4(a)] and where there is no r¢ i i
horizontal shrinkage or thermal movements, this may be reduced to
less than 2.5 m wide, or to 0.0015 otherwise.

surface may be calculated using 250 mm for ¢,.
11.7.2 Horizontal reinforcement for crack control

Where a wall is restrained from expanding or contractin
temperature, the horizontal reinforcement ratio sha
appropriate:

(a) For exposure classifications Al and A2—
(i)  where a minor degree of controtaver cracking is required...\................. 0.0025;

(ii) where a moderate degree of e ing i uired and where cracks
are inconsequential or hidde

(ii1) ing is required for appearance or

gl crack control reinforcement may be
during hydration.

(c) Walls designed for two-way buckling [based on Clauses 11.4(b) or 11.4(c)].
(d) Walls exceeding 12 metres in unsupported height.
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11.7.4 Restraint of vertical reinforcement

For walls designed as columns in accordance with Section 10, the restraint provisions of
Clause 10.7.4 are not required if either one of the following conditions is met:

(a) N <0.5¢N, ... 11.7.4
(b) The concrete strength is < 50 MPa and either—

(i)  the vertical reinforcement is not used as compressive reinforcement; o

(i) the vertical reinforcement ratio is not greater than 0.01 a
horizontal reinforcement ratio of 0.0025 is provided.

For walls with a concrete strength exceeding 50 MPa the vertical rei
restrained in accordance with Clause 14.5.4 of this Standard.

11.7.5 Dowelled connections in precast walls

arthquake analysis and™a
ot “transferring the
int and as a

Where a ductility factor p greater than 1.0 has been used i
ductile response has therefore been assumed, dowels shall be €apable
yield force of the vertical wall reinforcement in the wall through”the j
minimum Ast,dowel > Ast,wall-

0
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SECTION 12 DESIGN OF NON-FLEXURAL
MEMBERS, END ZONES AND BEARING
SURFACES

12.1 GENERAL
12.1.1 Scope of Section

This section applies to the design of non-flexural members, including deep Qotings,
and pile caps where the ratio of the clear span or projection to the overall depth 1
than—

(@) fOr CANtIIEVEIS...ciiiiiiiiiiiieee e e N e e e 1.5;
(b)

(c)
This

omponents of forces developed in the secondary struts to the top of the member.

(c) Typelll The load is carried to the supports via a series of minor struts with hanger
reinforcement used to return the vertical components of the strut forces to the top of

the member.

For Type Il models, the force carried by the secondary struts shall be within the limits
0 < Ty < F, where T is the vertical component of the force carried by the secondary struts
and F is the total vertical component of the external load carried through the shear span.
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12.2.2 Strut bursting reinforcement

Strut bursting reinforcement shall be provided in accordance with Clause 7.2.4.

103773_AS 3600_Public Comment.doc - 17/08/2017 16:20:03

DRAFT ONLY

(a) STRUT-AND-TIE MODELS AND (b) SIMPLIFIED DESIGN MODELS



DRAFT ONLY 181 DRAFT ONLY

12.3 ADDITIONAL REQUIREMENTS FOR CONTINUOUS CONCRETE NIBS
AND CORBELS

Corbels and continuous nibs that support other members shall be also designed to conform
with the following:

(a) The tensile reinforcement shall be anchored at the free end of the nib or corbel, either
by a welded or mechanical anchorage, or by a loop in either the vertical or hofizental
plane. Where the main reinforcement is looped, the loaded area shall mot project
beyond the straight portion of this reinforcement.

(b)

(c) The line of action of the load shall be taken at the outside

(d) Where a flexural member is being supported, the outside
protected against spalling.

12.4 ADDITIONAL REQUIREMEN
SLABS

12.5.2 Reinforcement

Reinforcement shall be provided to carry tensile forces that arise from the action and
dispersal of the prestressing forces in anchorage zones.
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In general, the dispersal occurs through both the depth and the width of the anchorage zone,
and reinforcement shall, therefore, be provided in planes parallel to the end faces in two
orthogonal directions. A two-dimensional analysis for each loading case shall be carried out
in each direction in turn. The tensile forces shall be calculated on longitudinal sections
through anchorages and on longitudinal sections where peak values of transverse moments
occur.

The transverse moment on a longitudinal section is the equilibrating moment actirig on“the
free body bounded by the longitudinal section, a free surface parallel to it, the foaded face,
and a plane parallel to the loaded face at the inner end of the anchorage zone

R

12.5.3 Loading cases to be considered
Loading cases to be considered shall include—
(a) all anchorages loaded; and

(b) critical loadings during the stressing operation.

e “total depth, or
breadth, of the member, consideration shall be given‘to the the pair acting in a

12.5.4 Calculation of tensile forces along line of an anchorage force

The force resultant of transverse tensile stresses induced along the hne of action of an

anchorage force shall be taken as follows:
T=0.25P (1 — k) .12.5.4

where

The cross-sectional area of reinforcement for each situation shall be calculated by dividing
the tensile forcé€s derived in accordance with Clauses 12.5.4 and 12.5.5 by 150 MPa. This
reinforcement shall be distributed as follows:

(a) Reinforcement to resist the forces calculated under Clause 12.5.4 distributed
uniformly from 0.2D to 1.0D from the loaded face. Similar reinforcement shall be
placed from the plane at 0.2D to as near as practicable to the loaded face. D shall be
equal to the depth or breadth of the symmetrical prism as appropriate.

(b) Reinforcement to resist the forces calculated under Clause 12.5.5 shall be placed as
close to the loaded face as is consistent with cover and compaction requirements.
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At any plane parallel to the loaded face, the reinforcement shall be determined from the
longitudinal section with the greatest reinforcement requirements at that plane, and shall
extend over the full depth or breadth of the end zone.

12.6 BEARING SURFACES

Unless special confinement reinforcement is provided, the design bearing stress\ at
concrete surface shall not exceed

$0.91' (4, /4,)or p1.81!

whichever is less—

where
A, = largest area of the supporting surface that is geo
concentric with 4,
A1 = abearing area

s <200 mm.

, the change in stress in the tendons after the point of
not exceed the limits given by Items (a), (b) or (c), as appropriate.
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SECTION 13 STRESS DEVELOPMENT OF
REINFORCEMENT AND TENDONS

13.1 STRESS DEVELOPMENT IN REINFORCEMENT
13.1.1 General

The calculated force in reinforcing steel at any cross-section shall be developed on each
side of that cross-section in accordance with Clauses 13.1.2 to 13.1.8, as appropriaté,

13.1.2 Development length for a deformed bar in tension

13.1.2.1 Development length to develop yield strength

yield” strength (fsy) “of a
2 or Clause 13.1.2.3,

The development length (Lsy.) to develop the characteristic
deformed bar in tension shall be calculated from either Clausé

13.1.2.2 Basic development length

The development length (Lsy.) shall be taken as the basic development length of a deformed

bar in tension (Lsy.1), calculated from—
0.5k k; ., d,

Lyw= kz—\/f'

>0.058 ,,kid, .. 13122

where

ki = 1.3 for a horizontal bar wi concrete cast below the

bar; or

1.0 otherwise
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(a) Straight bars (b) Cogged or hooked bars (c) Looped bars
¢4 =min (a/2, ¢y, ¢) ¢4 =min (a/2, c,) cqy=C¢C

(i) Narrow elements or members (e.g. beam webs and columns)

ffffffffffffffffffffffff

(a) Straight bars  (b) Cogged or hooked bars (cy'Looped bars
cq = min (a/2, c) cy=al2

(ii) Wide elements or members (e.g. flanges, band beams, slabs, #alls an ade columns)

L
‘ sy.t
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13.1.2.3 Refined development length

Where a refined development length is required, the development length in tension (Lsy.)
shall be calculated from—

Lsy.t =k k5Lsy.tb ... 13.1.2.3

where

ka = 1.0-K1 (within the limits 0.7 < k4 < 1.0)
ks = 1.0-0.04p, (within the limits 0.7 < k5 < 1.0)

K = a factor that accounts for the weighted average  effectivenes

development or lap splice length;
= 0.05 x (1 + ne/nys) <0.10

= with values of nf and nps shown

bars and the concrete tensile face
A = (ZAy — ZAwmin)/As >0

YAu = sum of cross-sectiona
lap length

YAtrmin =

0.7

The product &3 k4 ks shall be net taken as less.than
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VALUES OF K FOR TYPICAL ARRANGEMENTS OF TRANSVERSE REINFORCEMENT

TABLE 13.1.2.3

OR DIFFERENT MEMBER TYPES

Member type Examples of potential splitting cracks at a tensile face /m/ Rbs K (see Note 2)
Circular column 1 0.10
Rectangular column 1 >1 0.05<K<0.10

O
Beam >1 >1 0.05<K<0.10
O O
:Ab fi nf=2’ Mps7
s o NS = K=0.075
Slab or wall (with fitments) >1 >1 0.05<K<0.10
N=Nys
K=0.10
Slab or wall (without 0 1 per main bar 0.05
fitments)! spacing (see Note 3)
O O O O
T~
0] [0) [0) [0) [0) Q
{ 1 1 1 1 1

NOTES:

1 Fitments are a type of transverse reinforsement.

2 The same value of K applies to alkof the lo

itudinal bars Peing either anchored or lap spliced, that is, it is a weighted average value.

3 To be effective, the transverse reinforcement needs to be located between the longitudinal bars and the concrete tensile face as shown, otherwise K = 0.

AINO LAVHd

L81

AINO LAVId
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[ / A AS\, //A" As\\‘ //An

K=0.1 K=0.05 K=0

FIGURE 13.1.2.3 VALUES OF K FOR DIFFERENT BAR POSI

13.1.2.4 Development length to develop less than the yield strength

The development length (L) to develop a tensile stress (o), les
(fsy), shall be calculated from—

O-S
Lst :Lsy.t fs;
but shall be not less than—
(a)  12dp; or

(b) for slabs, as permitted by Clause 9.1

Tensile stress may be considered to be
the curve is 10d, or greater.

hook/cog, shall be taken sy.t o10.5Lg as applicable (as shown in Figure 13.1.2.6).

/

0.5L

sy.t

or 0.5L,

(a)y’Standard hook (b) Standard cog

URE 13.1.2.6 DEVELOPMENT LENGTH OF A DEFORMED BAR
WITH A STANDARD HOOK OR COG
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13.1.2.7 Standard hooks and cogs
The standard hook or cog referred to in Clause 13.1.2.6 shall be one of the following:

(a) A hook consisting of a 180° bend with a nominal internal diameter conforming with
Clause 17.2.3.2 plus a straight extension of 4d, or 70 mm, whichever is greater.

(b) A hook consisting of a 135° bend with the same internal diameter and length as
Item (a).

(c) A cog, consisting of a 90° bend with a nominal internal diameter conforming
Clause 17.2.3.2 but not greater than 8d, and having the same total length as fequired
for a 180° hook of the same diameter bar.

13.1.3 Development length of plain bars in tension

threading or swaging of suitable streng
load.

In addition—

(a) the bar diameter (dy) sha
(b)

The. development lenhgth (Lsyc) to develop the characteristic yield strength (f;y) of a
deformed bar compression shall be calculated from either Clause 13.1.5.2 or
Clause 13.1.5.3; but shall be not less than 200 mm.
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13.1.5.2 Basic development length

The development length (Lsy.c) shall be taken as the basic development length of a deformed
bar in compression (Lsy.cv) calculated from—

022/, N
d, 20.0435f5ydy or 200 mm, whichever is the greater . .13.152

Lsy.cb = T

NOTE: A smaller value of Lsy. may be obtained using the provisions of Clause 13.1.5
13.1.5.3 Refined development length

Where a refined development length is required, the development leng
(Lsy.c) shall be calculated from—

Lsy.c = kGLsy.cb

Where transverse reinforcement with at least three bars, tran
being developed is provided within Ly, and when 2A4/s 2/4,/600

ke =0.75
where X4 and A; are defined in Clause 13.1.2.3.
In all other cases, k¢ = 1.0.

13.1.5.4 Development length to develop legss-than the yield strength

L. =L, 2 (but not less than 200 ... 13.1.54

sc sy.c

sy

13.1.8.2 Two or more cross-bars within development length

The yield strength of plain or deformed bars of welded mesh shall be considered to be
developed by embedding at least two cross-bars spaced at not less than 100 mm or 50 mm
apart within the development length for plain or deformed bars respectively, with the first
one not less than 50 mm from the critical section.
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13.1.8.3 One cross-bar within development length

When only one cross-bar is located within the development length, the minimum length
measured from the critical section to the outermost cross-bar shall be not less than Lgy.w
calculated from—

Ly =325 o

sy.tb [
Y Sm f;’

but not less than 150 mm for plain mesh and not less than 100 mm for def
where

8.3

Ayp = area of the individual bar being developed in square millime
sm = spacing of bars being developed, in millimetres

13.1.8.4 No cross-bars within development length

shall be calculated from the development length of Clauses\13.1.8.3<or 13.1.8.4 using the
following equation:

GS
Ly =Lsy.tbf—sy‘ ...13.1.8.5
but not less than 150 mm for plain mesh and not an 100 mm foir-deformed mesh.

Welding of reinforcing bars shall not be made less than 3d}, from that part of a bar
hat has been bent and re-straightened.

13.2.2 Lapped splices for bars in tension

In wide elements or members (e.g. flanges, band beams, slabs, walls and blade columns),
where the bars being lapped are in the plane of the element or member, the tensile lap
length (Lsy.1.1ap) for either contact or non-contact splices shall be calculated from—

LsyAt.lap = k7 LsyAt 22‘9kldb ... 13.2.2
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where

Ly is calculated in accordance with Clause 13.1.2.1. (In the determination of Lsy for
use in Equation 13.2.2, the lower limit of 2941d}, in Equation 13.1.2.2 does not apply);
and

k7 shall be taken as 1.25 unless A provided is at least twice 45 required and no more

PLANAR VIEWE

LANAR VIENT
S
b$ ‘ L/zz.t.lap V\’\

cq4 = min (a/2,c)

(ii) 50% staggered splices
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I ————— e ——————
—2—20 9 0o —2—209 9o 0o

(a) The development length in compression shall be in accord

(b) In compressive members with stirrups or fitments\where 2
are present over the length of the lap and Au/s > 4y
value given in Item (a).

a proprietary mechanical connector shall be considered if tests show the
ective ship i assemblage could exceed 0.1 mm at a tensile stress of 300 MPa. The
effective slip shall‘be taken as the overall deformation of a spliced pair of reinforcing bars
measured a gauge length of 12d,, less the elongation of the bars assuming they are
unspliced oyef the same gauge length.

13.3 STRESS DEVELOPMENT IN TENDONS
13.3.1 General

In the absence of substantiated test data, the length to develop the calculated force in a
pretensioned tendon shall be taken to be a bi-linear relationship defined by the transmission
length (Lp) in Clause 13.3.2.1 and the total development length (L) in Clause 13.3.2.2.
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13.3.2 Transmission lengths of pretensioned tendons
13.3.2.1 Transmission lengths of pretensioned tendons

The transmission length required to develop the effective prestress in pretensioned tendons
shall be taken as the length given in Table 13.3.2, as appropriate to type of tendon and
strength of concrete at transfer. The transmission length shall be taken to be independent of
the effective prestress in the tendon.

of the tendon.

TABLE 13.3.2

MINIMUM TRANSMISSION LENG
FOR PRETENSIONED TENDONS

Lpt for/éadua elease
fep = SZﬁPa fep < 3/2/MPa
Indented wire 100 d» \/(75 dv
Crimped wire 70 dv 100.dy
Ordinary and compact strand 60 dv 60><1\

Type of tendon

13.3.2.2 Development length of pretensioned stran

witre pretensioned

... 13322

Table 13.3.2 fo

13.3.3 Stress development in post-tensioned tendons by anchorages

a tendon stressed to the tensile strength (f,) in Table 3.3.1.

Anchorages for tendons shall be capable of developing in the tendon the minimum tensile
strength (fpb).

In addition, anchorages for unbonded tendons shall be capable of sustaining cyclic loading
conditions.
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13.4 COUPLING OF TENDONS
Coupling of tendons shall conform with the following:

(a) Couplers shall be capable of developing at least 95% of the tendon characteristic
minimum breaking force specified.

(b)  Couplers shall be enclosed in grout-tight housings to facilitate grouting of the

7
S
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SECTION 14 REQUIREMENTS FOR
STRUCTURES SUBJECT TO EARTHQUAKE
ACTIONS

14.1 GENERAL

This section applies to concrete structures and structural members )
reinforcement, or tendons, or both, and which form the whole or part of tures or
buildings to which AS 1170.4 applies.

Plain concrete members and structures shall not be used to resist eart
plain concrete pedestals, footings and pavements are deemed to satis
Clause 2.1.2 and this section.

adopted for the structural ductility factor (x) as follows:
All members shall be designed and detailed—
(a) in accordance with Clause 14.4; and
(b) the required option below depending onsthe value o
(1)
(i1)

(iii)

(iv)

shall be designed to remain serviceable
event for importance level 2 structures

Mechanical means that provide a load path for actions between structural elements,
non-structural elements and structural and non-structural elements.

14.2.2 Ductility (of a structure)

Ability of a structure to sustain its load-carrying capacity and dissipate energy when
responding to cyclic displacements in the inelastic range during an earthquake.

14.2.3 Earthquake actions

Inertia-induced actions arising from the response to earthquake of the structure.
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14.2.4 Moment-resisting frame

Essentially complete space frame that supports the vertical and horizontal actions by both
flexural and axial resistance of its members and connections.

14.2.5 Moment-resisting frame, intermediate

C

Concrete moment-resisting frame designed and detailed in accordance with this Standard to
achieve moderate structural ductility (see Table 14.3) and which complies with the specific
earthquake detailing requirements of this section.

14.2.6 Moment-resisting frame, ordinary

Moment-resisting frame, with no particular earthquake detailing
(see Clause 14.4, as specified in this Standard (see Table 14.3).

14.2.7 Space frame

horizontal resistance to earthquake forces.

14.2.8 Structural ductility factor (u)

structural damping characteristics.

14.2.9 Structural performance facto

parts) to survive earthquake motion.

14.2.10 Structural wall
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TABLE 14.3

STRUCTURAL DUCTILITY FACTOR () AND STRUCTURAL
PERFORMANCE FACTOR (Sp)

Structural system description (W) Sp Sp/p WSp
Special moment-resisting frames (fully ductile) 4 0.67 0.17 | 6
Ductile structural walls 4 0.67 0.17 6
Ductile partially or fully coupled walls 4 0.67 O/(7 /{
Intermediate moment-resisting frames (moderately ductile) designed 3 0.67 0.22 4.5
in accordance with this Standard and Clauses 14.4 and 14.5 of this
section
Combined systems of intermediate moment-resisting frames and 3 \6\7/ 0.22 4.5
moderately ductile structural walls designed in accordance with this
Standard and Clauses 14.4, 14.5 and 14.7 of this section
Moderately ductile structural walls designed in accordance with this 3 0.67 0.22 4.5
Standard and Clauses 14.4 and 14.7 of this section
Ordinary moment-resisting frames in accordance with this Stanﬁgrd &% /({77 0.38 2.6
Ordinary moment-resisting frames in combination with limited 2 0.7 0.38 2.6

ductile shear walls designed in accordance with this Standard and
Clauses 14.4 and 14.6 of this section

Limited ductile structural walls designed in accerdance with this 2 0.77 0.38 2.6
Standard and Clauses 14.4 and 14.6 of this settion

Other concrete structures not listed in this tablk\ 1.5 0\7{ 0.51 1.95
Non-ductile structural walls designed in accordance with this 1 0.77 0.77 1.3
Standard and Clause 14.4 of this section

All members
AS 1170.4 in

d panel joints shall allow for the expected relative movement
djoining storeys.

For an ordinary moment frame forming part of the seismic-force-resisting system, beams
shall have at least two of the longitudinal bars continuous along both the top and bottom
faces. These bars shall be fully developed at the face of the supports.

Any column in an Ordinary Moment Resisting Frame (OMRF) which is part of the lateral
force resisting system and where the unsupported length L, < 5D where D is the dimension
of the column in the direction of the span, shall be detailed in accordance with Clause 14.5.
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14.4.4 STRUCTURAL WALLS
14.4.4.1 General

The simplified design method for walls subjected to vertical compression forces provided in
Clause 11.5 of this Standard shall only be used for non-ductile walls.

Limited ductile structural walls shall conform with Clause 14.6 and moderately
structural walls shall conform with Clause 14.7.

14.4.4.2 Groups of walls

When two or more walls are directly inter-connected, or linked to each o oupling
beams or the like, the distribution of in-plane load effects betwee

vertical shear forces.
14.4.4.3 Axial load limit

All structural walls shall be proportioned to ensure that\the vertical stress due to gravity
loads acting on the wall at the same time as the earthquake at any heftizontal cross section
N'/Ayg is less than 0.2 £ .

14.4.5 Diaphragms
14.4.5.1 General

Diaphragms shall be regarded as non-ductile e and shall be
actions in accordance with Section 15.

designed for seismic

14.4.5.2 Calculation ofinertia forces

(b)

The neutral axis depth Ay, shall be limited to a maximum of 0.25.
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14.5 INTERMEDIATE MOMENT-RESISTING FRAMES (IMRFs)
14.5.1 General

Reinforced IMRFs and prestressed IMRFs shall be regarded as moderately ductile if, in
addition to the detailing requirements of this Standard, they satisfy the detailing
requirements of this clause and Clauses 14.5.2 to 14.5.6, and provided only ductility
Class N steel or prestressing tendons are used as flexural reinforcement.

Rigid elements may be incorporated into a moment-resisting frame, provided it is shown
that the action or failure of these elements will not impair the capacity of the frame to0 resist
horizontal or vertical forces.

In prestressed members, the quantity of tensile steel (reinforcement and te os) shalkbe
such that the flexural strength of any section is greater than 1.1(Muo)m

14.5.2 Beams
14.5.2.1 Longitudinal reinforcement

(a) The top and bottom face of the beam shall be continuously reinforced:
(b) The area of reinforcement and tendons provided in a's

(i)  the positive-moment strength 3

um shear obtained from design load combinations that include
¢ action E, with E taken as twice that prescribed by the AS 1170.4.

(c) The area of shear reinforcement (A4sv) shall be not less than 0.5b.s/fsy. 1.
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(d) Over a distance of at least 2D from the face of a support, shear reinforcement shall be
closed ties, with the first tie located 50 mm from the support face. These closed ties
shall be spaced at centres not greater than 0.25 d,, 8 dv, 24 dr or 300 mm, whichever
1s least,

where

dp = diameter of the smallest longitudinal bar enclosed by the tie; and

dr = diameter of the bar forming the tie
14.5.3 Slabs
14.5.3.1 General

Slabs shall conform with Paragraph 14.5.2.1, Items (a), (b) and
forming part of a moment-resisting frame shall also conform with

14.5.3.2 Reinforcement detailing in flat slabs

it

Reinforcement in flat slabs shall be located and anchored-in accofdance the following:

(a) The top and bottom faces of the column strip$ e contifiuously reinforced in

both directions.

(b) All reinforcement, which is provided to resist the\ portion «0f the slab moment
transferred to the support, shall placed within the column-strip defined in
Clause 6.1.4.1.

...14.10.3.2

(f) At discontinuous edges of the slab, all top and bottom reinforcement at a support shall
be capable of developing its yield strength at the face of the support.
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14.5.4 Columns

At each end of the clear height of a column within a storey, the longitudinal reinforcement
shall be restrained by closed ties for a distance from the end equal to the greater of the
maximum dimension of the column cross-section, or one sixth of the least clear height
between consecutive flexural members framing into it.

The spacing of the closed fitments shall not be greater than required by Clauses 10/
10.7.4 and the shear requirements of Clause 14.5.2.2(b), (c) and (d) and the sma
following limits:

(a) 8 times the diameter of the smallest longitudinal bar enclosed.
(b) 24 times the diameter of the fitment bar.
(c)  One-half of the smallest cross-sectional dimension of the col

(d) 300 mm.

Where
B, > $0.34, f, or f/>65MPa

If columns cannot conform with these requirements, then they cannot be considered as part
of the lateral support system in an earthquake.
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14.6 LIMITED DUCTILE STRUCTURAL WALLS
14.6.1 General

Structural walls shall be provided with boundary elements in accordance with
Clause 14.6.2. For structures of not more than four storeys above their structural base and
where boundary elements are required, an integrally cast column, or additional edge
reinforcement consisting of two N16 or four N12 bars, shall be deemed to satisty\this
requirement.

14.6.2 Boundary elements

In any storey, boundary elements shall be provided at discontinuous e
walls and around openings through them if—

(a) the vertical reinforcement within the storey height is net

calculated as above exceeds 0.2 f , with Clause-14.5.4 of this_Standard:

14.6.3 Confinement of the wall core

' > 50 MPa confinement of
throughout by fitments in accordance with Clause 14.5.4.

14.6.4 Mean concrete st th

IV 'core shall be provided

For structural walls where

The mean value'of the28 day cylindér strength as\tested shall be less than 1.4 f;.

PUBLIC C MEW T mmittee._is %ticularly interested in hearing from
the industry on the limit-on concrete over-strength.

dynamic amplification shall be included. This requirement is satisfied when the wall shear
capacity (@V.) at a cross-section is not less than:

oV, 21.6M V"

M

... 14127
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14.6.8 Reinforcement

The vertical reinforcement ratio (pwv) shall not be less than—

(@)  0.7( £)*°/fsy in the outermost 0.15L region at each end of the wall; and
(b)  50% of this value in the centre region (0.7Ly) of the wall.

(c) This minimum reinforcement ratio shall extend vertically from the base of
for a distance of not less than—

(i)  the greater of twice the wall length (2L); or
(ii) the height of the lower two storeys.

with a full strength splice.

(B) At the ends of walls, where bou
provided with hooks a

The ratio of the effective height to thickness shall be equal to or less than 16.
14.7.3 Vertical reinforcement laps

In the region extending for a vertically from the base of the wall immediately above the
footing to a height equal to—

(a) the greater of twice the wall length; and
(b) the height of the lower two storeys.
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Laps or mechanical splices to vertical reinforcement shall be evenly staggered along the
length of the wall such that, at every horizontal section, not more than 50% of the vertical
reinforcement is lapped or spliced. Staggered lapped splices shall conform with the
arrangement shown in Figure 13.2.2(ii).

For interconnected groups of structural walls the longest wall of the group shall be used in
determining the height over which this clause shall apply.

7
S
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SECTION 15 DIAPHRAGMS

15.1 GENERAL

This section applies to the design of both conventionally reinforced and préstressed
diaphragms, including:

(a) Cast in situ slabs, with or without beams.

(b) Cast in situ topping slabs on precast elements.

15.2 DESIGN ACTIONS

15.2.1 General design actions

loadings:
(a) Associated permanent (dead load) and im

uilding, including floor
nder seismic actions

(b) Diaphragm in-plane forces due to late
design accelerations—and associated
(see Clause 14.4:

by the Ilateral load resisting system, including at
¢ss of the building and plan irregularity between stories,

I be used to establish that there is adequate in-plane flexural and shear
ate limit state. The analysis may be based on a strut and tie model of
accordance with Section 7. The effect of openings and penetrations shall

The effect of cracking and joint opening due to distributed reinforcement throughout the
diaphragm resisting in-plane tension forces shall be explicitly determined in analysis of the
diaphragm. Alternatively, these effects may be ignored if the diaphragm reinforcement
resisting in-plane moments is distributed within one quarter of the width of the diaphragm
from the tension edge of the diaphragm.
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15.2.2.2 Stiffness

Analysis for the internal forces transmitted between diaphragms and their supports shall
account for the stiffness of the chosen load path.

Where the maximum lateral deformation of the diaphragm itself is calculated to be more
than half the average inter-story deflection of the vertical lateral force resisting elements of
the associated storey the diaphragm shall be considered to be flexible, and the displacement
of the diaphragm shall be considered in the analysis of the structure.

15.3 CAST IN-PLACE TOPPINGS

A topping slab cast in place on a prefabricated concrete floor or roof s e~permitted to

be used as a structural diaphragm, provided that—

(a) the cast in-place topping acting alone is proportioned and
(b) sufficient reinforcement is provided in accordance
()

(ii)) the topping slab has a minimum thickness of 65

15.4 DIAPHRAGM REINFORCEME
15.4.1 General

diaphragm and the vertical elements of the lateral load resisting system.

Collectors shall extend from the vertical element of the lateral load resisting system a
minimum of one development length beyond the point at which the analysis determines the
collector element is no longer in tension.

Collectors shall extend along the vertical element for the larger of either—
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(a) the length required to develop the reinforcement in tension, noting this length shall be
increased if the collector is assumed to lap with the horizontal reinforcement in the
vertical element; or

(b) the length required to transmit the design force from the collector into the vertical
element through either shear-friction at the face of the wall, mechanical connectors or
tension laps with the horizontal reinforcement in the vertical element.

Splices shall only be permitted in collector elements where the splice length is su
develop the full yield strength of the reinforcement in accordance with Sectio

15.4.5 Construction joints
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SECTION 16 STEEL FIBRE REINFORCED
CONCRETE

16.1 GENERAL

This section shall apply where steel fibres are used to improve the performance 3nd
capacity of reinforced and prestressed concrete structures.

Clause 16.3.3.

NOTE: When using brittle fibres that rely on a fibre pullout failure
ductility, care is required for cases where a significant number of f

Steel fibres shall not be relied upon at construction joints for either serviceability or
strength requirements.

ibre-reinforced concrete with a softening
Hardening SFRC and the use of synthetic fibres is

Design procedures in this section are
classification only (see Figure 16.3.3.1).
beyond the scope of this Standard.

16.2 DEFINITIONS
For the purposes of this s¢

The specified quantity of fibres in kilograms per cubic metre of concrete (kg/m3).
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16.3 PROPERTIES OF SFRC
16.3.1 General

SFRC shall be classified in terms of both its characteristic compressive (cylinder) strength
(f]) (see Clause 16.3.2) and its characteristic residual tensile strength ( fs) (see

Clause 16.3.3.3).
16.3.2 Compressive strength

The characteristic compressive strength of SFRC at 28 days ( f) shall be determinied in
accordance with Clause 3.1.1.1.

In the absence of more accurate data, the mean value of the in situ €ompressi
(femi) shall be taken as 90% of the mean value of the cylinder strength (fem).

16.3.3 Tensile properties
16.3.3.1 Classification
SFRC shall be classified as either softening or hardening

A hardening SFRC is outside the scope of this section.

NOTE: A hardening material is defined as one with a tensile strength equal to or greater than
1.1 times the strength of the matrix without fibres and taken\at a crack” opening displacement
(COD) of equal to or greater than 0.3 mm (refer to AS 5100.5 Supp, 1).

(a) Strain softening SFRC

Crack localization

Crack formation

&

-

COD

(b) Strain hardening SFRC

FIGURE 16.3.3.1 CLASSIFICATION OF SFRC
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16.3.3.2 Matrix tensile strength

The matrix tensile strength of the softening SFRC (f:)) shall be obtained using direct or
indirect tensile testing, in accordance with Clause 3.1.1.3.

When only the characteristic compressive (cylinder) strength ( f,') has been determined, the

mean and characteristic flexural tensile strength of SFRC shall be calculated in accordance
with Clause 3.1.1.3.

16.3.3.3 Residual tensile strength

The standard characteristic residual tensile strength grades ( f{'s) are 0.
0.8 MPa, 1.2 MPa, 1.6 MPa and 2.0 MPa.

The characteristic residual tensile strengths of concrete at 28 days

undertaken in accordance with Clause 16.3.3.4.

NOTE: Where similar SFRC mixes have been tested in
difference in fibre content is not more than 20 kg/m
between these limits can be obtained by linear interpolation:

16.3.3.4 Determination of strength by direct testing

esidual tensile may be

with Clause 16.3.3.6 for similar SFRC mixture haracteristic

determined as—

fos = kr2 frs
flrs =

where  fi,

.16.3.3.4(1)

. 16.3.3.4(2)

statistically,

characteristic strength determined in accordance with ISO 12491.

(i) A confidence level of 75% shall be used such that 95% of the population exceeds the
characteristic value.

(iii)) The standard deviation of the population shall be determined from the sample but
shall not be taken as less than that calculated for a COV = 0.25.

(iv) The minimum number of test specimens is six.
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The residual tensile stress for other CODs may be obtained or linear interpolation or
extrapolation from a straight line connecting fj5 and f]'s but shall not be taken as greater

than f; s nor less than zero.

16.3.3.5 Determination of strength by indirect testing

The characteristic residual tensile strengths at 0.5 mm ( f;5) and 1.5 mm COD ( f/5) ma
obtained using indirect tests as specified in Clause 16.3.3.8 and calculated as follgv

fos =koo (-0.04 fu, +0.37 fu,) < ks 0.36 [/

f's =lsow (0.4 fry -0.07 fr,) < kspy 0.36 [ f7
where the three-dimensional orientation factor is—

P,
0140191, /b

<1

and b is the prism sectional width.

fo s nor less than zero.

NOTE: For fibres not greater than 70 mm }
conservatively be taken as ksp, = 0.92.

obtained by matched testing using the
specimens shall be prepared and tested

... 16.3.3.6(1)

... 16.3.3.6(2)

détermined in accordance with Appendix C

mean residual flexural tensile strengths corresponding to a CMOD of
1.5 mm, determined in accordance with Clause 16.3.3.7

fram = mean residual flexural tensile strengths corresponding to a CMOD of
3.5 mm, determined in accordance with Clause 16.3.3.7
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16.3.3.7 Residual flexural tensile strength

The residual flexural tensile strength (fr;) shall be determined from three point notched
bending tests on 150 mm square section prisms. The notch depth shall be 25 mm and the
test conducted in accordance with EN 14651. The force F shall be plotted against the crack
mouth opening displacement (CMOD), as shown in Figure 16.3.3.7, and the residual
flexural stress calculated as—

3FL
T = 2
where
b = width of the specimen in millimetres
hyp = distance between tip of the notch and top of cross sé€ction in millimetres
L = span in millimetres

Frj = load recorded at CMOD; (see Figure 16.3.38)

NOTE: Testing should be undertaken in a laboratory a
Testing Laboratories (NATA).

Association of

characteristic value.

(c) The standard deviation of the population shall be determined from the sample but
shall not be taken as less than that calculated for a COV = 0.25.

(d) The minimum number of test specimens is six.
16.3.3.8 Minimum fibres dosage

A dosage of fibres shall be provided such that the following minimum material performance
criterion is achieved—
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(@)  frim/fim > 0.4; and
(b) fR,3m/fR,lm > 0.5
where

fim = mean flexural tensile strength corresponding to the limit of proportionality,
determined in accordance with Clause 16.3.3.8 with Fr substituted by Fy

Jrim= mean residual flexural tensile strength corresponding to a CMOD
determined in accordance with Clause 16.3.3.7

fri3m= mean residual flexural tensile strength corresponding to a C
determined in accordance with Clause 16.3.3.7

Alternatively, the dosage of fibres shall not be less than the greater
(1) 8.6ys (di/lr)*; and

(i1) 20 kg/m’

where ys is the mass density of steel and taken as 7850 k
16.3.4 Modulus of elasticity

The mean modulus of elasticity at the appropriate age ' be determined in
accordance with Clause 3.1.2.

16.4 DESIGN OF SFRC MEMBI
TENDONS

16.4.1 General

16.4.2 Streng

Calculations{for strength of cross-sections i
strain-compatibility considerationsand-be consistg

... 16.4.2

Aew = area of concrete within the tensile zone (mm?) at ultimate

A, = areference area taken as 4, = 15 600 mm®.

The strength of a section in bending, or in combined bending and axial force, shall be
determined using rectangular stress blocks for the concrete in compression and concrete in
tension, as shown in Figure 16.4.2.

103773_AS 3600_Public Comment.doc - 17/08/2017 16:20:03



DRAFT ONLY 215 DRAFT ONLY

a2fc

o—0 O

EERERE

(a) Single tensile reinforcement laye

2'c

BEEERNA
E

16.4.4 Strength of beams in shear

16.4.4.1 Design shear strength of a beam
The design shear strength of a beam shall be taken as ¢V, where—
Vo= Vie + Vaur + Vs ...16.44.1
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where Vu. and Vs are determined from Clause 8.2.3 and Vyr is determined from either
Clause 16.4.4.2.1 or Clause 16.4.4.2.2.

Notwithstanding Equation 16.4.4.1, the fibres component to the ultimate shear strength of a
beam, Vs, shall not exceed the greater of V. and that determined by Clause 16.4.4.3 with
Vus taken as zero.

16.4.4.2 Contribution to shear strength by steel fibres
16.4.4.2.1 Design by refined calculation

calculated from the following equation:

Vie = Ksk,d b, f,, cot 0,

where
Ks =
ks = member size factor determined by Equation 16
f. = the characteristic residual tensile strength o
9\/ =

dy = the effective shear dept
Clause 8.2.1.9

(c) ize’of maximum aggregate particle is not less than 10 mm; and
(d) the length of the fibres does not exceed 70 mm.

The angle of inclination of the compression strut (6y) shall be taken as 36°, the value of &,
shall be determined from Clause 8.2.4.6 and the contribution of the fibres to the ultimate
shear strength (V) determined from Equation 16.4.4.2.1(1) with f, taken as equal to f/.
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16.4.4.3 Minimum shear reinforcement

The minimum contribution from the total of the transverse steel reinforcement and fibres
shall satisfy the following:

(Vs + Vig)min >0.1b,d,+/ f! and ...16.4.43
> 0.6bvd,

16.4.5 Design with strut and tie models

Steel fibres may be used in combination with bar reinforcement to resist t€nsionn strut-

and-tie models provided that—
(a) at service loads the crack width is demonstrated to be not greatef than

(b) at the strength limit state fibres do not contribute to m

e.g. durability.
16.4.6 Fatigue

by testing.
16.4.7 Design for serviceability limit sta

16.4.7.1 General

Deflection control
16.4.7.3.1 “General

The deflection of an SFRC member shall be calculated using the procedures outlined in
Clauses 16.4.7.3.2 and 16.4.7.3.3. Allowance shall be made for the expected load history,
the expected construction procedure and any anticipated deflections resulting from
deformation of forms or settlement of props.
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16.4.7.3.2 Short-term deflection

The short-term deflections due to external loads and prestressing, which occur immediately
on their application, shall be calculated using the value of E¢ determined in accordance
with Clause 3.1.2 and the value of the effective second moment of area of the member (/ef).
The value of I.r may be determined from the values of /. at nominated cross-sections as
follows:

(a) For a simply supported span, the value at mid-span.
(b) In a continuous beam—

(i)  for an interior span, half the mid-span value plus one quarter of each support
value; or

(i1)) for an end span, half the mid-span value plus half the
support.

(c) For a cantilever, the value at the support.

nominated in Items (a) to (¢) above shall be obtaine ¢
k. = M /(E A ) calculated as the slope of the strain dia igure’16.4.7.3.2(b) and

cj-ef

obtained by satisfying the requirements for rotational and
stress distribution in Figure 16.4.7.3.2(c).

mponent of the long-term deflection, determined from the design
of concrete (&) (see Clause 3.1.7.1) and the principles of mechanics;

(b) additional long-term creep deflections, determined from the design creep
coefficient at any time (¢) of concrete (¢cc) (see Clause 3.1.8.3) and the principles of

mechanics.
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16.4.7.4 Flexural crack control
16.4.7.4.1 Minimum reinforcement for crack control

In reinforced concrete members (or prestressed members where calculations indicate that
flexural cracking will occur), the minimum amount of longitudinal reinforcement required
to obtain controlled crack formation shall be—

>0.0 (inmm?*)

N
st min — kcksec (J(ctef - 1 . 1J(IS ) t

S.max
where

Astmin= the minimum area of reinforcement required within the t¢

A« = area of concrete within the tensile zone (mmz)
of the cross-section calculated to be in tensio

fs.max = maximum stress permitted in the reinfo

ferer = tensile strength of the concrete effective at the time

0.6,/ f.,, but not less than

compressive strength at

ke

kses t of non-uniform self-equilibrating

or temperature profiles through the

.16.4.7.4.2

16.5 DURABILITY

The minimum concrete grade and cover for SFRC in exposure classifications A, B1 and B2
shall be as for concrete without fibres and shall apply to the steel reinforcement only.

In exposure classification C1 or C2 and U, steel fibres, if present, shall be disregarded in
calculations of strength limit states.
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NOTES:

1 Steel fibres do not require concrete cover as specified for steel reinforcement in
Clause 4.10.3.

2 SFRC may not be suitable in some exposure classification U environments.

16.6 FIRE

Section 5 of the Standard.

The material properties for SFRC shall be as specified for concrete in Cla
that the characteristic residual tensile stress of SFRC at elevated temperatures ( f;'s, ) shall

be either—

(a) taken as f/'s,=k, x f's where ko is given in Table 16.6; o

(b) determined statistically from tests.

TABLE 16.6

Temperatgée of SFRC 0 \1% 500 \700\ \w

Kon ﬁo 10 | o6 | 01 0.0

NOTE: Linear interpolation betwgen values:

16.7 PRODUCTION OF SFRC
16.7.1 Fibres

New initial type tests shall be undertaken when any of the following occur:

(a) The concrete composition changes.

(b) At least one source material of the concrete changes.

(c) The results of compressive tests undertaken to AS 1379 do not meet the specification.

(d) At least once in a period of 12 months.
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The pre-construction tests shall be performed with the same materials and equipment that
will be used during production.

TABLE 16.7.3
PRE-CONSTRUCTION TESTS

Material Inspection/Test Purpose
Steel fibres Check delivery note Verify that the delivery is in accordance with
the order, and is shipped from'the corpéct
source
Check ISO 13270 conformance Verify that the f1bres ave the orrect IS

CE-label for use of teel f1b s in oncrete

/e/

Steel fibre content in
the fresh concrete

the M dosage.

geneo distribution of the steel

Testing according to EN 14721 and Conformity wi
Clause 16.7.5 on the basis of nine
samples

Steel fibre concrete
performance

Check limit of proportionality, and
post-crack flexural strength in
accordance to EN 14651 on a
minimum of six beams

in Clause 16.3.3.7.

16.7.4 Factory production control

(a) Checking the correct concrete constitiients a

(b)  Steel fibres are checked against ISO or

(c) Compressive tests undertaken to AS 1379

(d) Fibre contént and
fibre type and dosage shall be shown on t

NOTE: Th

distribution.
delivery docket.
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TABLE 16.7.4
ROUTINE PRODUCTION CONTROL
Material Inspection/Test Purpose Frequency
Equipment inspection
Automatic dosing Visual inspection Assure correct functioning | Once per production day

equipment for steel
fibres

of dosing device

Control of accuracy

Avoid improper fibre
dosage

On installation

Periodically
In case ofdﬁét\

Materials inspection

Steel fibres

Check delivery note

Verify that the delivery i8'in
accordance with the opder,

and is shipped fro
correct source

E/a/)/delivery

Check ISO or CE label

Verify that the fibres have
the correct ISO or label
which matches the
corresponding Declaratio
Conformity

}ac/h delivety

Visual control, measur
fibre dimensions

Compare the Tibre geometry
with &{Qﬁbres use ITT

ﬁc%eliv%

Production process in

spection

Fibre content in the
fresh concrete

Testing according to
EN 14721 and
Clause16.7.

C nformWhe target

Beginning of each day and
eyery

/50 m3 (manual dosing)
/150 m3 (auto dosing)

Concrete mix

Viswal check L\

Daily

Finished producﬁn{sp

ectiW

FW

ecord the quantity
added

Mle content

Every batch

concrete

Check\limit of

Check performance level of
the specification

At minimum of six beams
over any 12 month period of
production

middle third and final third of the batch;

(b)
(c)

each sample shall be a minimum of 10 litres;

directly from the discharge chute; and

a sample shall be taken from the batch of concrete at unloading from the first third,

the sample container shall be filled in one continuous pour and where possible
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(d) wash-out, magnetic separation or validated automated dosage equipment shall be
used.
NOTE: Automated dosing equipment refers to fibre distribution determined by electronic means
through continuous measuring of the concrete as it’s discharged from the concrete truck. The
method needs to have been demonstrated to be validated for the intended usage and supply
conditions and environment.

The steel fibre content shall be deemed to conform provided the criteria in Table
met.

TABLE 16.7.5
CRITERIA OF ACCEPTANCE FOR STEEL FIBRE

Test control Test control C/l‘/%l}ﬁ\

Each sample Each partial test > 0.80 of thez/s/ecifiefl/rget dosage
Average of three Each test > 0.80 ofthe specified target.dosage
samples from the

batch

Continuous control: Continuous control: fthe specified targ dosage
average of >3 tests average of >3 tests

relevant conformance criteria.

Methods of control and assessment shall provide able operating characteristic curve so

that—

(a) concrete with a proportion defective of Q.05 has gprobability of acceptance of at least

50%; and

(b) concrete probability of rejection of at least

98%.
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SECTION 17 MATERIAL AND
CONSTRUCTION REQUIREMENTS

17.1 MATERIAL AND CONSTRUCTION REQUIREMENTS FOR CONCRETE

AND GROUT

17.1.1 Materials and limitations on constituents

Materials for concrete and grout, and limitations on their chemical conten
with the relevant requirements of AS 1379.

17.1.2 Specification and manufacture of concrete
Concrete to which this Standard applies shall be—

(a) specified as either normal-class or special-class and
accordance with AS 1379; and

(b) handled, placed, compacted, finished and cured/in acce
that the hardened concrete will satisfy the i s for strength,
serviceability, durability and other limit states.

(a)
(b)

(c) produce a

Concrete shall be cured continuously for a period of time so the design requirements for
strength, serviceability and stripping are satisfied. To satisfy durability, curing requirements
shall be not less than those given in Clauses 4.4 and 4.5.
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Curing shall be achieved by the application of water to, accelerated curing of, or the
retention of water in, the freshly cast concrete. Curing shall commence as soon as
practicable after the finishing of any unformed surfaces has been completed. Where
retention of water in the fresh concrete relies on the application to exposed surfaces of
sprayed membrane-forming curing compounds, the compounds used shall conform with
AS 3799.

Curing requirements for the various members of the structure shall be detailed in t
specification.

17.1.5.2 Protection

Freshly cast concrete shall be protected from the effects of rain, running
or drying prior to hardening. During the initial curing period the cong
from freezing or drying.

17.1.6 Sampling and testing for conformance
17.1.6.1 General

Concrete, which is intended for use in structures designed in gccorda ith-this Standard,
shall be assessed in accordance with AS 1379 fo ith the specified
parameters.

NOTE: When project assessment is required the project specification should nominate
responsibility for carrying out the relevant A and, if these differ
from or are not covered by AS 1379, should give deta is to be made.

(a) e ¢ a ject, the _mean cylmder

‘the specified value of the characteristic
ncrete at 28 days ( f)’.

appropriate site techniques may be found in HB 64 and HB 67.
17.1.6.3 Councrete specified by parameters other than strength grade

When concrete is specified by parameters other than strength grade, the method of
production control and, if required, project control shall be specified together with the
relevant conformance criteria.

The specified methods of control and assessment shall provide a reliable operating
characteristic curve so that—
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(a) concrete with a proportion defective of 0.05 has a probability of acceptance of at least
50%; and

(b) concrete with a proportion defective of 0.30 has a probability of rejection of at least
98%.

17.1.7 Rejection of concrete

17.1.7.1 Plastic concrete
Plastic concrete may be rejected if, after completion of mixing but prior to site handling—

(a) the slump, determined in accordance with AS 1012.3.1, differs from the specified

slump by more than the tolerances permitted in AS 1379;

(b) the elapsed time from first introduction of the mixing watex is eoutside the time

interval allowed in AS 1379; or

(c) the appearance and cohesiveness of a particular qug is”significantly different
from previously supplied quantities of the same specificatiod.

17.1.7.2 Hardened concrete

Hardened concrete shall be liable to rejection if—
(a) it does not satisfy the requirements of Clause 17.1.6;
surface defects outside the

(b) it is porous, segregated, or honeycombed, or contains

specified limits; or

(c) it fails to conform with the other re

a mixer capable of producing a uniform grout of the specified
ps of undispersed cement.

17.2.1 Materials
17.2.1.1 Reinforcement

Reinforcement shall be deformed Ductility Class N bars, or Ductility Class L or Ductility
Class N welded wire mesh (plain or deformed), except that fitments may be manufactured
from Ductility Class L wire or bar, or plain Ductility Class N bar.

All reinforcement shall conform with AS/NZS 4671.
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Ductility Class L reinforcement shall not be substituted for Ductility Class N reinforcement
unless the structure is redesigned.

17.2.1.2 Protective coatings

A protective coating may be applied to reinforcement provided such coating does not
reduce the properties of the reinforcement below those assumed in the design.

17.2.2 Fabrication

Reinforcement shall be fabricated in accordance with the following:

(a) Reinforcement shall be fabricated to the shape and dimensions shown in the drawings

and within the following tolerances:
(i)  On any overall dimension for bars and mesh except where\used
(A) for lengths up to 600 MM .....ceevvvveeiiiiiireeee e e,
(B) for lengths over 600 mm .........ccoeeeeeeeveeiisennnnnn o,

(i) On any overall dimension of bars or mesh

(iii)
(iv)

(b)
(c)

for strength.

Reinforcement that has been bent and subsequently straightened or bent in the reverse
direction shall not be bent again within 20 bar diameters of the previous bend.

Bars shall not be bent using impact, such as with hammers.

Reinforcement partially embedded in concrete may be field-bent provided the bending
complies with Items (a) or (b) above and the bond of the embedded portion is not impaired
thereby.
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17.2.3.2 Site rebending
Where site rebending is required, the following procedures shall be followed:

(a) Rebending of bars shall be undertaken using a rebending tool. Bars shall be rebent
against a flat surface or a pin with a diameter that is at least equal to or greater than
the minimum pin size as specified in Clause 17.2.3.3. Bars shall not be over-bent
beyond the original bend, typically 90°.

(b) If scabbling tools are to be used near bars because of concrete

(c)  The bar shall be positioned with the initial bend of the bar clear of the
(d) A bar shall only be rebent once at the same location.

17.2.3.3 Internal diameter of bends or hooks

(a) For fitments of—
(6 1010 ) D o 5 U U NPT 3dy;
(11)  R250N DAIS .uuuiiiiiieiiiiiiee e e i e e e e e e eeiie e N e e e e N e err e 3dp; and

(111)  DSOON DATS ccceeeeeeeeeeeeeeeeee i e e e e e e es e e e e e e e e s e e e s e e s e e e neeeaaeeaaenns 4d.
(b) For reinforcement, other than \that ifi i e and Item (d) of
ANY GTAAC ...eiiiiiiiiiiiieeeeeeiieiiiiieiiseeeee e herrreeesNoeerersslhnnnnnanessesesssnnnnsyPoeseessssssnnnseeeseeeenes Sdb.

(c) For reinforcement, in whi 0'be subsequently straightened or
rebent, of—

All reinforcement, including secondary reinforcement provided for the purpose of
maintaining main reinforcement and tendons in position, shall be supported and maintained
in position within the tolerances given in Clause 17.5.3 until the concrete has hardened. Bar
chairs and spacers used for this purpose shall conform with AS/NZS 2425 and be specified
with a strength grade appropriate to the mass of supported reinforcement and applied
construction loads. Tie wire shall be used to maintain position unless the bar chair has an
in-built clip. Tie wire shall not be finished within the concrete cover.
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NOTE: Off-cuts of tie wire should be removed before placement of concrete.
17.2.6 Lightning protection by reinforcement

Where lightning protection is to be provided by the reinforcement, the reinforcement shall
conform with the relevant requirements of AS/NZS 1768.

17.3 MATERIAL AND CONSTRUCTION REQUIREMENTS FOR PRESTRE
DUCTS, ANCHORAGES AND TENDONS

17.3.1 Materials for ducts, anchorages and tendons
17.3.1.1 Ducts

Sheaths and removable formers used to form ducts shall be capabl¢
required cross-section and profile during construction.

17.3.1.2 Anchorages
The quality and properties of anchorages shall be establishe
17.3.1.3 Tendons
Prestressing tendons shall conform with AS/NZS 4672.
Tendons shall not be galvanized.

shall not be used
4672.1, is 3.5%

Hard-drawn, high tensile steel wire, whi 3
for wire winding unless its elongation, tested in ac
or greater.

cordance with AS/NZ

Plain wire shall not be used for pretensioning.
17.3.2 Construction requirements for ducts
17.3.2.1 Surface condition

When concrete is placed, the outside surface of sheaths and formers for ducts shall be such
as not to impair bond of‘the concrete to the duct. Immediately before grouting, the inside

(a) The anchorage shall be square to the line of the tendon.

(b) The duct shall be securely attached to the anchorage so it provides a grout-tight joint
between the duct and the anchorage.

(c) Where the anchorage is fixed to the formwork, the joint between the two parts shall
be grout-tight.
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17.3.3.2 Surface condition

At the time concrete is placed, the surface condition of the anchorage shall be such as not to
impair its bond to the concrete.

17.3.4 Construction requirements for tendons

17.3.4.1 Fabrication

Tendons shall be fabricated in accordance with the following:

(a) Cutting of tendons shall be carried out so damage to tendons, ducts angd
avoided.

(b) Tendons shall not be welded.

(c) Prestressing bars shall be within manufacturing tolerance
threaded portion.

Before stressing, tendons shall be protected from stray current ar¢ing and splashes from the

The threaded ends of prestressing bars e _protection, at all

times.

be inert with

If tendons are to have a coating or wrapping\such coating~er wrapping sha

respect to both the steel and the concrete.

After stressing and anchoring, all tendons and a 11 be protected from physical

damage and corrosion.

17.3.4.3 Surface condition

snsioning of tendons shall be carried out in a safe manner and in accordance with the
following:

(c) The tendon extension shall be measured.

(d) A check shall be made for each tendon, on the correlation between the measured
extension and the calculated extension derived from the prestressing force, using the
load-elongation curves for the tendons and assumed friction values for the cable. Any
disparity between the two figures greater than 10% of the calculated extension shall
be investigated.
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(e) No stressing shall be carried out when the temperature of the surrounding air is lower
than 0°C.

17.3.4.6 Maximum jacking forces

The maximum force to be applied to a tendon during the stressing operation shall not
exceed—

(a) for pretensioned teNAONS ........coeviiiiiiiiiieeeeii e .

(b) for stress-relieved post-tensioned tendons.........ccceeeeeeerevieiiiiiineneerereeiinnen,
(c) for post-tensioned tendons and bars not stress-relieved ..............eeeeeydonnnnnnnn. 0:75fpbAp.

17.3.4.7 Grouting

Ducts containing post-tensioned tendons shall be completely filled with grout, conforming
with Clause 17.1.8, as soon as practicable after stressing. Groyting shall not be carried out
when the temperature of the surrounding air is lower than 5°

Precautions shall be taken to prevent corrosion for the tendons i psed.period prior to

grouting is likely to exceed four weeks.
17.3.5 Construction requirements for unbonded tendons

Unbonded tendons shall not be permitted except in slabs on“the ground. Where so used, the

17.4 CONSTRUCTION REQUIRE

17.4.1 Location of construction joints

tolerances may be required for reasons of serviceability, fit of components, or aesthetics of
the structure.

For formed“surfaces, the tolerances given in AS 3610 take precedence, unless those in
Clause 17.5.2 are more stringent. For unformed plane surfaces, the flatness tolerances and
the methods for measuring them shall be detailed in the project specification, and shall be
not greater than the relevant values given in Clause 17.5.2.
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17.5.2 Tolerances for position and size of structures and members
17.5.2.1 Absolute position
The deviation from the specified position shall not exceed the following:

(a) In plan, for a point on the surface of a column or wall at any floor level—

(i)  in the first 20 storeys of any building...................cee. 40 mm horizontg

(i) for subsequent storeys, an increase of 15 mm horizontally for each
10 storeys or part thereof.

(b) In elevation, for a point on the top surface of a floor or the soffitof a beam v

17.5.2.2 Floor-to-floor plumb

In any column or wall, the deviation from plumb, measured

The deviation from the specified position
following:

(a)

The materials, design and construction of formwork shall conform with AS 3610. Stripping
of forms and removal of formwork supports from members cast in situ shall conform with
the requirements of Clause 17.6.2 where these are more stringent than the relevant
requirements of AS 3610.
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17.6.2 Stripping of forms and removal of formwork supports
17.6.2.1 General

The stripping of forms and the removal of formwork supports shall conform with the
following:

(a) Forms shall not be stripped or any formwork supports removed until the part-of the
member that will be left unsupported has attained sufficient strength to sup i

(b) Removal of formwork supports shall be carried out in a planng

(c¢) Removal of formwork from vertical surfaces shall be carfied out

(d) Stripping of forms, from the soffits of reinforced s

(e) Removal of formwork supports from the soffits of rein
carried out in accordance with—

(i) Clause 17.6.2.5 for membefts not supporting

(ii)) Clause 17.6.2.6 for multistorgy stru

cured and tested in accordance with

remain uncracked under the action effects of bending and shear due to the maximum
concurrent or subsequent construction loads.

In determining whether sufficient curing time has elapsed, the design resistance of the
member shall be taken as ¢R, (see Clause 2.2), and the appropriate characteristic strength of
the concrete is determined from the average strength of the control samples.

103773_AS 3600_Public Comment.doc - 17/08/2017 16:20:03



DRAFT ONLY 234 DRAFT ONLY

17.6.2.4 Stripping of soffit forms from reinforced slabs of normal-class concrete

For reinforced slabs of normal-class concrete, for which an early-age strength has been
specified and which are continuous over formwork supports, the period of time between
casting of the concrete and the commencement of stripping of the forms between formwork
supports shall be not less than that given in Table 17.6.2.4 for the appropriate average
ambient temperature over the period. The periods given in the table shall be increasedif—

(a) L,/D>280/4/(D+100)

where
Ly is the span between the formwork supports; and
D is the overall depth of the concrete member.
(b) the superimposed construction load is greater than 2.0 kPa7 or
(c) the average ambient temperature over the period is

was between 2°C and 5°C, or by a whole
temperature was below 2°C.

TABLE 17.6.2.4

STRIPPING OF FORMW ROM REINFORCED SLABS
CONTINUOUS OVER FOR ORK SUPP

Average ambient temperature Period of time before stri
over the period (7) concrete wit ecified early=

< s

N B

The periods.given in Table 17.6.2.5 shall be increased if—

(i)  the superimposed construction load is greater than 2.0 kPa; or

(ii) the average ambient temperature is less than 5°C, in which case the periods shall be
increased by half a day for each day the daily average temperature was between 2°C
and 5°C, or by a whole day for each day the daily average temperature was below
2°C.
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TABLE 17.6.2.5

REMOVAL OF FORMWORK SUPPORTS FROM SLABS
AND BEAMS NOT SUPPORTING STRUCTURES ABOVE

Average ambient temperature | Period of time before removal of all formwork
over the period (7) supports from reinforced members
°C Days

T >20 12
202 T >12 18
12> T >5 24

17.6.2.7 Stripping of forms and removal g
slabs and beams

average strength of the specimens.

17.7 PREEFABRICATED CONCRETE STRUCTURES
17.7.1 General

Except where the provisions of Clause 17.7.4 govern, the minimum provisions of
Clause 17.7.1 through to Clause 17.7.3 for structural integrity shall apply to all
prefabricated concrete structures.
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17.7.2 Prefabricated elements as floor or roof diaphrams

Connections between diaphragms and those members being laterally supported shall have a
nominal tensile strength capable of resisting not less than 4.5 kN per linear metre.

17.7.3 Vertical integrity ties

All vertical structural members except for non-load bearing elements shall have conngctions
at horizontal joints in accordance with the following requirements:

(a) Connections between prefabricated columns shall have a nominal streng

(b) Prefabricated wall panels shall have a minimum of two ties per panel, with a non

(c) When design forces result in no tension at the be ies required by
on-ground or
footing.

Connection details that rely solely on friction caused
permitted.

17.7.4 Prefabricated concrete load beari

using principles of mechanics.

17.7.5 Grouted ducts to joints

Seating of pfefabricated floor‘elements shall have
Limit State drifts.

séating at least 1.5 times the Ultimate
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SECTION 18 DESIGN FOR FATIGUE

18.1 GENERAL

The fatigue design action Qg and the foreseen effective number of stress cycles nsc
determined in accordance with Clause 2.1.5. The load combinations shall be deter
accordance with Clause 2.5.2.3.

NOTE: Fatigue is a strength limit state considered at the operational/se
combination.

or changes in quantity or direction of reinforcement.

NOTE: A support is any column, wall or supporting beam.

where

Oc¢,max

but not taken as less than 0.67

¢ 15— 0.5(00’300 /o

¢,max )

0¢.300 compressive stress at a depth of 300 mm from the extreme compressive
fibre for same load case as ocmax, but not less than zero (compression is
positive)
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TABLE 18.3
COEFFICIENT OF STRENGTH GAIN
ﬂcc(to)
Concrete s Sem(7d) JSem (56d) JSem (90d) JSem(365d)
Jem (28d) Jem(28d) Jem(28d) Jem (28d)
High early strength 0.20 0.82 1.06 1.09 1)/{
Normal 0.25 0.78 1.08 1.12 1.20
Delayed strength 0.38 0.68 1.12 1.18 1.32

equal to the resisting number of cycles to failure (N)—

Nse <N

are calculated from
For 0 < Sc¢d,min < 0.80
log (V1) < 8, then log (N) = log
For Scd.min > 0.80
log (V1) > 8, then log (N) = log(NV>

8
IOg(Nl) = H(Scd,max _1)

7¢O ¢, max

ssive stress level calculated as
c,fat/ c fat

compressive stress at the extreme fibre under consideration,
taken ag zero if tensile, yr [{G,P,ys O},Orat]

e O-c,min

= minimum compressive stress level calculated as
c,fatfc,fat

Dgg = ;’;l%sl.o ... 18.2(3)

1
m = number of intervals with constant amplitude
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ni = foreseen number of constant amplitude cycles in interval i

N; = ultimate number of constant amplitude cycles in interval i that can be carried
before failure

18.3 PLAIN CONCRETE WITH COMPRESSION-TENSION STRESS

For plain (unreinforced) concrete in compression with tension stress, the maxim
stress in the concrete shall be limited by—

Gc,max S Gc,max/38.5

log(N) = 9[1 —Zemax ]

c,fatfc,fat
where
Oct.max= Maximum tensile stress

Ocmax = Maximum compressive stress

fefa = (),85ﬂcc(fo)fg(1_4]({)c'0]

NOTE: O¢,max < ¢c,fatf<‘:,fat(l - 9

PURE NSION TENSION-

18.4 PLAIN CONCRETE WITH
COMPRESSION STRESS

For plain (unreinforced) concrete with puke tens or in combined tension-compression,

the maximum tensile stress-shall be limited b

... 18.4(1)

... 18.4(2)

pce in flexural members under the combination of permanent effects
ign loading shall not exceed 0.6¢Vimax, Where Vimax is calculated in

18.6.1 General

The maximum shear force in concrete slabs, as determined in accordance with Clause 9.2
under the combination of permanent effects and the fatigue design loading, shall be limited
to the values specified in this clause.
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18.6.2 Allowable shear force under cyclic loading
The calculated shear force under fatigue design loads shall not exceed:

(a) For slabs where the number of stress cycles is not greater than 2 x 10° and where the
slab can act as a wide beam and a shear failure could occur across a substantial width,
0.64Vy; otherwise 0.54¢ V.

(b) Where the potential failure surface could form a truncated cone op'pyramid aro

calculation that fulfils the compatibility in strain
reinforcing steel by the following factor may be used:

. 1+(4, 7 4))
14,/ 4),¢(dy ) d,)

. 18.7

where
ns = differential bond factor (betwe

area of reinforcing steel

The fatigue strength for nominal stress ranges given by a series of log(Aor) — log(N) curves
(S—=N curves) that correspond to the reinforcement detail categories.

Detailed fatigue design for reinforcement is not required if the maximum calculated stress
range Aos under the applied design action from AS 1170.0 with load combination specified
in Clause 2.5.2.3, satisfy the following criteria:
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Unwelded straight reinforcement Aos <70 MPa
Welded or bent reinforcement Aos <35 MPa

The damage of a single stress amplitude Ao shall be determined by using the corresponding
S—N curves given in Figure 18.8 for reinforcing and prestressing steel. The applied design
action from AS 1170.0 shall be factored in accordance with Clause 2.5.2.3. The resi
stress range Aorsk at Nre cycles obtained shall be multiplied by the strengt
reduction factor ¢ ta.

The fatigue requirement will be met if the calculated maximum acting stress range, Aos,
satisfies the condition—

AO-s < ¢s,fatAo—Rsk (nsc )

where

Ao = maximum nominal steel stress range und

Os fat = fatigue strength reduction factor for steel, taken as 0,8

Aorsk(nse) _ resisting stress range relevant \to #nsc obtained from a
characteristic fatigue strength functio
AGRsk (nsc) = AO-Rsk (N

Nrsk = number of cycles forresis e stress Aorsk

m=m for nsc < Nrsk, OF

m=m; for nsc > Nrsk

Values of parameters N,

1000
N
N
NS~
\1\1\'\\\;\ \\S\-N curve-for-straight-reinforcement
N\ T TR
\ \\‘\ P
log(Boe) |1 Ll DN
~—
1 \\:::\
m=m, ‘\\\~~
10g(Ngq)
10
1.0E+04 1.0E+05 1.0E+06 1.0E+04 1.0E+08 1.0E+09
log(ng,)

FIGURE 18.8 S-N CURVE FOR REINFORCING STEEL AND TENDONS
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TABLE 18.8

PARAMETERS FOR CHARACTERISTIC S-N CURVES FOR REINFORCING
STEEL AND TENDONS

Category Reinforcement or tendon detail NRsk mi m? AoRrsk at. /Vrsk
Reinforcement
A Straight reinforcement d» < 16 106 5 9 210
B Straight reinforcement dp > 16 10° 5 9 (240§ 2db)
C Bent reinforcement db < 16 (see Note 2) 106 5 / 210 kd
D Bent reinforcement d» > 16 (see Note 2) 10° 5 9 (2}8\— 2db)kd
E Welded bar and wire mesh (see Note 1) 107 /3/ \{ SB\
F Mechanical connectors 107 3 5 50
G Marine environment (see Note 3) 107 }/ 5 65
Tendons
H Pre-tensioning \l@{ W 9 185
I Post-tensioning—Single strands in plastic 106 5 9 185
ducts
J Post-tensioning—Straight tendo?A M 106 \5\ IB\ 150
tendons in plastic ducts
K Post-tensioning—Curved tendon\\in ste% 106 5 7 120
ducts
L Post-tensioning—Splicing devices /?()6 5 5 80
Definitions:
ka = 0.35+0.026(di)/db) < 1.0
di = Mandrel pin diameter forbending reinforcemen
d =
Nrsk =
NOTES
1 The welding of re i i tructural welds (e.g. tack-welds) shall be in accordance

S 1554.3,

... 18.8(2)

where
nsc(Aosi) = applied number of cycles for a stress range Aoy
Nrsk(Aosi)/ s = resisting number of cycles for a stress range Ags;

For prestressing or reinforcing steel exposed to fatigue loads, the calculated stresses shall
not exceed the design yield strength of the steel. The yield strength should be verified by
tensile tests for the steel used.
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In areas of high fluctuating stresses, welded lap splices shall not be used.

18.9 CALCULATION OF STRESSES IN REINFORCEMENT AND TENDONS OF
FLEXURAL MEMBERS

In flexural members fatigue resistance of the longitudinal reinforcement and tendons and
the shear reinforcement shall be determined.

The angle between the compression struts and the longitudinal axis of the memb
chosen to be between 35° and 55°, except that for non-prestressed slabs and trough
the angle shall be between 40° and 55°.

7
S
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SECTION 19 JOINTS, EMBEDDED ITEMS
AND FIXINGS

19.1 JOINTS
19.1.1 General

capacity and serviceability of the structure or member is maintained
intended function. Joints shall be for construction purposes (‘constr
control movement (‘movement joint’), as appropriate.

19.1.2 Construction joints

19.1.2.1 General

In reinforced concrete members, the spacing of movement joints shall take into account
effects such as shrinkage, temperature movement, moisture change, creep and other relevant
factors. The level of prestress and subsequent member shortening shall also be considered
in prestressed concrete members.
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19.1.4 Joint fillers and sealants

Material infill in a joint shall remain in place and deform in response to loading and
movement without undergoing any change that will adversely affect the functionality of the
joint. Such infills shall consist of either a joint filler or sealant (or both). Fillers may be
inserted into a joint in a compressed condition either when the concrete is plastic or is in its
hardened state.

appropriate, to prevent joint edge spalling.

19.2 EMBEDDED ITEMS
19.2.1 General

For the purpose of this clause, embedded items include\pipes and” conduits with their
associated fittings, sleeves, permanent inserts for fixings and other purposes, holding-down
bolts and other supports.

Items may be embedded in concrete members provided the trequired >strength and
serviceability of the member is satisfied) and urability requirements _ofClause 4.10.3.7
are met.

19.2.2 Pipes

Embedded conduits and-pipes shall conform
NOTE: For example
1Al PUIPOSES ... N uueieeeiieiiiiiiiiie e N AS/NZS 3000; and
..................................................................... AS/NZS 3500.

, inserts and ferrules, shall conform with the

(a) A fixing shall be designed to transmit all forces, acting or likely to act on it.

(b) Forces on fixings used for lifting purposes shall include an impact factor in assessing
the load.

(c) Fixings shall be designed to yield before ultimate failure in the event of overload.
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(d) The anchorage of any fixings shall be designed in accordance with Section 13, as
appropriate. The design strength of this anchorage shall be taken as ¢ times the
ultimate strength, where ¢ = 0.6. In the case of shallow anchorages, cone-type failure
in the concrete surrounding the fixing shall be investigated taking into account edge
distance, spacing, the effect of reinforcement, if any, and concrete strength at time of
loading.

(e) In the absence of calculations, the strength of a fixing shall be determined

(f)  The spacing between, and cover to, fixings shall be in accordan

design offastenings used to transmit

further information on the minimum requirements for the
loads to concrete for safety-critical applications.
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SECTION 20 PLAIN CONCRETE PEDESTALS
AND FOOTINGS

20.1 GENERAL

The provisions of this section apply to—

(a) plain concrete pedestals, provided the unsupported height of the
greater than three times the least lateral dimension; and

(b) plain concrete pad footings supported by the ground.
The value of ¢ throughout the section shall be determined from Table

20.2 DURABILITY

Section 4. The
accordance with the

Plain concrete members shall conform with the appropriate provisions o
cover to any reinforcement shall conform with that determined in
appropriate provisions of Section 4.

20.3 PEDESTALS

Pedestals subject to combined flexural and
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20.4.3 Strength in shear

The design strength of a member in shear shall be determined in accordance with either or
both of the following, as appropriate:

(a) Where the member acts essentially as a one-way member, and a shear failure can
occur across the width of the rectangular cross-section (b) of the member, the design
strength in shear shall be taken as ¢V, where—

v, = 0.15bD(f!)"

(b) Where a shear failure can occur locally around a support or.Joa
strength in shear shall be taken as—

V[l + (uM'/8V" aD)]

where
Vo= 0.1uD(1+2/ B, )\ £ <0.2uD [ f!
u = effective length of the shear perimeter [se¢ )]
a = dimension of the critical shear perimeter, which is parallel to the direction
of bending being considéred [se¢ Figure 9.3(B)]
S = ratio given in Clause 9

103773_AS 3600_Public Comment.doc - 17/08/2017 16:20:03



DRAFT ONLY 249 DRAFT ONLY

SECTION 21 SLAB-ON-GROUND FLOORS,
PAVEMENTS AND FOOTINGS

21.1 GENERAL

This section sets out additional design considerations for slab-on-ground f{]
pavements and footings including plain concrete pavements, but excluding residéntial floors
and pavements.

21.2 DESIGN CONSIDERATIONS

The design of pavements and slabs supported by the ground and any joi
into account, but not be limited to, the following considerations;

(a) The determination of appropriate design loading.
(b)  Soil-structure interaction.

(c) The influence of the pavement or slab on the\behaviour of the other parts of the
structure.

(d) Effects of traffic on joints.

(e) Differential movement at joints.
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APPENDIX A
REFERENCED DOCUMENTS

(Normative)

Methods of testing concrete
Method 1:  Sampling of fresh concrete

Method 2:  Preparation of concrete mixes in the laboratory
Method 3.1: Determination of properties related to
concrete—Slump test

Method 4:
Method 9:
Method 10:

Method 11:
Method 12:

Method 13:
Method 14:

Method 16:
Method 17:

al design actions

General principles

Permanent, imposed and other actions
Earthquake actions in Australia

Part 4:

Structural steel welding
Part 3: Welding of reinforcing steel
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AS/NZS
1768

2425
3101
4671

4672
4672.1
4672.2

NZS
1170
1170.5

ISO
12491

13270

EN
14651

14721

BCA

ASTM
C42
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Lightning protection
Bar chairs in reinforced concrete—Product requirements and test methods
Concrete structures standard—The design of concrete structures

Steel reinforcing materials

Steel prestressing materials
Part 1: General requirements
Part 2: Testing requirements

Structural design actions
Part 5: Earth actions

Statistical methods for quality control of buildi d.components

Steel fibres for concrete—Definitions and specifi

Building Code of Australia

Standard Test Method for Obtaini d Testing Drifled Cores and Sawed
Beams of Co
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APPENDIX B
TESTING OF MEMBERS AND STRUCTURES

(Normative)

B1 GENERAL

This appendix applies to the testing of a structure or prototype to check that the strength
and serviceability requirements of this Standard are met. Methods for testing hardened
concrete in place are also detailed. Testing shall be undertaken by persons cempetent. in,
and with appropriate expertise for, performing such tests.

B2 TESTING OF MEMBERS
B2.1 Purpose of testing

to serviceability.
Where testing is necessary, elements o

(a) proof-tested in accordance

(b)

to life is minimized and the collapse will not endanger the
d (for tests on members) and/or adjacent structures.

(a) Immediately prior to the application of the test load.
(b) Incrementally during the application of the test load.
(c) Immediately the full test load has been applied.

(d) Immediately prior to removing the test load.

(e) Immediately after the removal of the test load.
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B3 PROOF TESTING

B3.1 Test procedures

A proof test shall be conducted as follows:

(a) Before applying any load, record the original position of the members involved.

(b)  Apply the test load as determined from Paragraph B2.3, for the relevant limit s

(c) Maintain the test load for the necessary period as stated in Paragraph B3.
(d) Remove the test load.

B3.2 Criteria for acceptance

Criteria for acceptance shall be as follows:

deemed to con

(a)  Acceptance for strength The test structure or member shall b

(b)  Acceptance for deflection The test structure or member shall

Appropriate deflection limits for beams a
and the deflections calculated taking

estlmates of“the behaviour of the member, at relevant limit state values, can be determined
from the results of the testing. No fewer than two prototypes shall be tested. More than one
loading combination and more than one limit state condition may be applied to a prototype.
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B4.3 Test load

The test load for strength shall be applied gradually until the total load on the prototype is
equal to the design load for the strength limit state as determined by Section 2, and
multiplied by the relevant factor given in Table B4.3. This factor shall be selected with
respect to the expected coefficient of variation in the parameters that affect the strength and
the sample size selected for the testing program, unless a reliability analysis shows~that a
different value is appropriate.

TABLE B4.3
FACTOR TO ALLOW FOR VARIABIL
IN PRODUCTION OF UNITS
Number of similar units Expected coefficient of vy‘l/ation
to be tested 10% /7/0/1% 30%

2 1.3 \k7 2.3
3 1.3 1.6 2.)/
5 1.2 1.5 ﬁ%

10 1.1 1.3 1.5
NOTE: Intermediate values may be obtained by~linear interpolation. The
above values are based on a target sa index of 3.0 a confidence leyel
of 90%.

B4.4 Test procedure

and wariability of production shall be equal to or less than the expected variability
determined at prototype testing for serviceability or for strength, as appropriate.

(b) Acceptance for strength The test prototype shall be deemed to conform with the
requirements for strength if it is able to sustain the strength limit state test load for at
least 5 min without incurring any significant damage, such as spalling or excessive
cracking.
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(c) Acceptance for serviceability The test prototype shall be deemed to conform with
the requirement for serviceability if it is able to sustain the serviceability test load for
a minimum period of 1 h without exceeding the serviceability limits appropriate to
the member. Deflection limits shall be determined using Clause 2.3.2, taking into
account only short-term effects.

Alternatively, manufactured units shall be routinely tested to failure,
coefficient of variation.

B4.6 Test reports

Paragraph B4.5 as appropriate.

B5 QUALITY CONTROL
B5.1 General

¢ certification should meet the criteria described in HB 18.28 in order that effective
quality planning to control production is achieved.
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BS5.4 Quality system

Confidence in routine assessment of production shall be achieved where the manufacturer
or contractor can demonstrate that an audited and registered quality management system
conforming with the requirements of the appropriate or stipulated Australian or
international Standard for a quality system is in place.

Such a system shall include a quality or inspection plan and test plan, to ensure
conformity.

B6 TESTING OF HARDENED CONCRETE IN PLACE
B6.1 Application

test panels, or samples cut from members.

B6.2 Preparation of samples

from each panel. Test samples of stand
by coring or sawing.

B6.3 Non-destructive testing

Non-destructive testing
pullout and abrasion te

The cores and beams shall be representative of the whole of the concrete concerned
and in no case shall less than three samples be tested.

(c) Cores and beams shall be examined visually before and after testing, to assess the
proportion and nature of any voids, cracks and inclusions present. These factors shall
be considered in the interpretation of the test results.
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(d) Cores shall be taken and tested for compressive strength in accordance with
AS 1012.14 and beams shall be taken in accordance with ASTM C42. The beams
shall be tested for flexural strength in accordance with AS 1012.11, and shall be
tested dry unless the concrete concerned will be more than superficially wet in
service. The density of cores and beams shall be determined in accordance with
AS 1012.12, in the same condition as applicable to testing for compressive strength
using AS 1012.1 or AS 1012.2 by sealing or wrapping samples where appropri

B6.4.2 [nterpretation of results
The strength of the concrete in the member may be estimated—
(a) as 1.15 times the average strength of the cores and beams; or

(b) by using test data from cores or beams taken from anothe
strength of the concrete is known.
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APPENDIX C
RESIDUAL TENSILE STRENGTH TEST FOR SFRC

(Normative)

C1 GENERAL

This section shall apply where direct tension testing is used to determine the al tensile

strength of strain softening steel fibre reinforced concrete.

C2 TESTING

Figure C1 and shall conform with the following criteria:

(a)  The critical section shall be where the cross-sectio

1  The factor ks3p; removes the influence of the boundaries on the fibre distribution and converts
the results of the test to a state where the fibres can be considered to be randomly orientated
in three-dimensional space.

2 Testing should be undertaken in a laboratory accredited by the National Association of
Testing Laboratories (NATA).
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