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FOREWORD

The objectives in drafting this Code NZS 3101 Part 1 and its commentary NZS 3101
Part 2 have been to provide an up-to-date design code which covers the design of build-
ings, bridges and other civil engineering structures. In writing all the sections, particular
attention has been given to producing provisions which would be appropriate for use with
the modern New Zealand design loading codes — particularly with NZS 4203:1976,
Code of Practice for general structural design and design loadings for buildings. The
Code is a revision of NZS 3101P:1970 and it has been extended to cover the design
requirements for prestressed concrete. Concurrently with the publication of this docu-
ment, NZS 3101P:1970 and NZSR 32:1968 Prestressed concrete, are revoked.

Generally the design requirements of each section of the Code are presented under
five clauses in the following order:

Clause 1  Notation

Clause 2 Scope

Clause 3 General principles and requirements for design

Clause 4 Principles and requirements additional to Clause 3 for members not
designed for seismic loading

Clause 5 Principles and requirements additional to clause 3 for members desipned
for seismic loading.

This arrangement of clauses represents a significant change in format from the previous
code with the aim of producing a more workable document.

The intended order of usage is that after proceeding through Notation, Scope and
General principles and requirements which apply to all structures, the designer then goes
either to: Principles and requirements additional to Clause 3 for members not designed
for seismic loading, or to: Principles and requirements additional to Clause 3 for members

desigfied for seismic loading, that is, only one of the last two clauses is used, not both.
(See diagram below.)

GI:S

DIAGRAM INDICATING ORDER OF USAGE OF CLAUSES

Section 3, General design requirements, has a particular importance in the Code for
two reasons:

(@) It covers the use of all other sections which should not be used in isolation, but
should be read together with Section 3

(b) It establishes the relationship of this Code to the Loadings Code NZS 4203 and to
the Ministry of Works and Development Highway Bridge Design Brief.

It should be noted that some provisions in this Code are based on proposed amend-
ments to NZS 4203 which at the time of publication are being finalized.

Section 14 gives the design and detailing provisions for members in structures of limi-
ted ductility subjected to earthquake induced loading. This Section recognizes that less

stringent ductility requirernents are appropriate because of the larger lateral design loads
applicable to such structures.
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The Code permits considerable simplification in design procedures to be achieved if a
structure is treated as responding elastically to earthquakes, under the provisions of
3.5.1.1 (c). This exempts the structure from the additional seismic requirements of all
relevant sections of the Code. There will be many small structures, and some structural
forms having substantial total lengths of wall in each direction, where the larger design
seismic loads required for elastically responding structures will not result in significant
cost increase. Alternatively, significant simplification can be obtained by the use of the
procedures for design of structures of limited ductility set out in Section 14,

With the exception of the provisions for seismic loading, ACI 318-77 Building code
requirements for reinforced concrete, has been used with minor modification. Follow-
ing the practice of ACI 318-77 all sections commence with a list of notatjon used in that
section. In addition, a list of the entire set of symbols used in the Code is presented in
Appendix A. It should be noted that some symbols can have different meanings in differ-
ent sections.

Appendix B presents an alternative design method which is based on working stress
design whereas the main body of the code is based on the strength method of design with
serviceability checks. In particular the strength method of design is mandatory for seismic
design.

A comprehensive commentary is published with the code and it is strongly recommen-
ded that the two documents should be read together. This commentary is presented in
some length with the aim of providing guidelines without unnecessary restriction. The
appendix to Commentary Section 3 (C3.A) ““A method for the evaluation of column
action in multistorey frames” is a special example of this intention. This appendix is
included to give designers guidance in the assessment of the maximum actions on columns
resulting from capacity design considerations. Because of its developmental stage and as it
is possible to use other methods, it is not a mandatory provision. At the end of several
commentary sections a list of references is provided to assist designers in areas where
standard design procedures have not yet been formulated.
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Z

EW ZEALAND STANDARD

Code of practice for
THE DESIGN OF CONCRETE STRUCTURES

1 GENERAL

1.1 Scope. This New Zealand Standard Code of Practice
specifies minimum requirements for the design of reinforced
and prestressed concrete structures. It serves as a means of
;compliance with the relevant requirements of NZS 1900,
Chapter 9.3.

It is applicable only to structures and parts of structures
omplying with the materials and workmanship require-
ents of NZS 3109.

For special structures such as shells, arches, tanks, reser-
oirs, bins and silos, blast-resistant structures and chimneys,
he provisions of this Standard Code of Practice shall govern
here applicable.

EO

£S5

1.2 Interpretation

1.2.1 In this Standard the word “shall” indicates a
requirement that is to be adopted in order to comply with
the standard, while the word ‘‘should” indicates a recom-
mended practice.

1.2.2 Cross-references to other clauses or clause sub-
divisions within this Standard quote the number only, for
example: ** ... as required by 4.4.1.3 (d) for shored con-
struction.”

1.2.3 The full titles of reference documents cited in
this Standard are given in the “List of related documents”
immediately preceding the Foreword.

1.2.4 Where any other standard named in this Standard
has been declared or endorsed in terms of the Standards
Act 1965, then:

(a) Reference to the named standard shall be taken to
include any current amendments declared or endor-
sed in terms of the Standards Act 1965; or

(b) Reference to the named standard shall be read as

reference to any standard currently declared or en-
dorsed in terms of the Standards Act 1965 as super-
seding the named standard, including any current
amendments to the superseding standard, declared or
endorsed in terms of the Standards Act 1965.

NOTE — The date at which an amendment or superseding standard
is regarded as ‘‘current” is a matter of law depending
upon the particular method by which that standard be-
comes legally enforceable in the case concerned. In gen-
eral, if this is by contract the relevant date is the date on
which the contract is created, but if it is by Act, regulat-
ion, or bylaw then the relevant date is that on which the
Act, regulation, or bylaw is promulgated.
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2 DEFINITIONS

2.1 General. The following terms are defined for general
use in this Code. Specialized definitions appear in individual
sections:

ADMIXTURE. A material other than portland cement,
aggregate, or water added to concrete to modify its
properties.

AGGREGATE. Inert material which is mixed with portland
cement and water to produce concrete.

ANCHORAGE. Sec Section 5. Also, the means by which
the prestress force is permanently transferred to the
concrete.

BEAM. An element subjected primarily to loads producing
flexure,

BONDED TENDON. Prestressing tendon that is bonded to
concrete either directly or through grouting.

16

CAPACITY DESIGN. In the capacity design of earthquake .

resistant structures, elements of the primary lateral load
resisting system are chosen and suitably designed and
detailed for energy dissipation under severe deformat-
ions. All other structural elements are then provided
with sufficient strength so that the chosen means of
energy dissipation can be maintained.

COLUMN. An element subjected primarily to compressive
axial loads.

COMPOSITE CONCRETE FLEXURAL MEMBERS. Con-
crete flexural members of precast or cast-in-place con-
crete elements or both, constructed in separate place-
ments but so interconnected that all elements respond to
loads as a unit.

CONCRETE. A mixture of portland cement or any other
hydraulic cement, sand, coarse aggregate and water.

CONCRETE, STRUCTURAL LIGHTWEIGHT. A concrete
containing lightweight apgregate and having a unit weight
not exceeding 1850 kg/m?®. In this Code, a lightweight
concrete without natural sand is termed ‘“‘all-lightweight
concrete”, and lightweight concrete in which all sand
consists of normal weight is termed ‘“sand-lightweight
concrete’’.

CONCURRENCY. The occurrence of simultaneous seismic
actions along both principal axes of the structure.

CONSTRUCTION JOINT. An intentional joint in concrete
work detailed to ensure adequate strength and service-
ability.

CURVATURE FRICTION. Friction resulting from bends
or curves in the specified prestressing tendon profile.

DEFORMED REINFORCEMENT. Reinforcing bars con-
forming to NZS 3402P.

DEVELOPMENT LENGTH. The embedded length of rein-
forcement required to develop the design strength of the
reinforcement at a critical section (see 5.3).

DIAPHRAGM. A horizontal member composed of a web
(such as floor or roof slab) or a horizontal truss which
distributes horizontal forces to the vertical resisting
elements.

DUCTILE FRAME. A structural frame possessing ductility
(refer NZS 4203).

EFFECTIVE PRESTRESS. The stress remaining in the ten-
dons after all calculated losses have been deducted, ex-
cluding the effects of superimposed loads and the weight
of the member; stresses remaining in prestressing ten-
dons after all losses have occurred excluding effects of
dead load and superimposed load.

EMBEDMENT LENGTH. The length of embedded reinfor-
cement provided beyond a critical section.

EMBEDMENT LENGTH, EQUIVALENT. The embedded
length of reinforcement which can develop the same
stress in the reinforcing as that which can be developed
by a hook or mechanical anchorage.

END ANCHORAGE. Length of reinforcement, or a mech-
anical anchor, or a hook, or combination thereof, re-
quired to develop stress in the reinforcement; mechanical
device to transmit prestressing force to concrete in a post-
tensioned member.

ENGINEER. The Local Authority’s principal Engineer
who shall be registered under the Engineers Registration
Act 1924 and who is the holder of a current annual
practicing certificate; his deputy or assistant appointed
by the Local Authority to control the erection of build-
ings, or the registered engineer appointed by the High-
way or Railway Authority to control the erection of
bridges.

JACKING FORCE. In prestressed concrele, the temporary
force exerted by the device which introduces the tension
into the tendons.

LOAD:

LOAD, DEAD. Includes the weight of all permanent
components of a structure, for example, for build-
ings — includes walls, partitions, columns, floors,
roofs, finishes and fixed plant and fittings that are an
integral part of the structure,

LOAD, DESIGN. Combinations of factored loads used
in design as set out in NZS 4203 or other appropriate
loadings code. In seismic design the design load may
be either the factored loads or the load resulting from

the capacity design procedure depending on the case
being considered.
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LOAD, EARTHQUAKE. Loads assumed to simulate
earthquake effects as defined by NZS 4203 or other
appropriate loadings code.

LOAD, FACTORED. Load, multiplied by appropriate
load factors, used to proportion members by the
strength design method of this Code. See 3.3.1 and
4.2.

LOAD, LIVE. The load assumed or known to result
from the use of a structure as specified in NZS 4203
or other appropriate loadings code. For buildings this
includes the loads on floors, loads on roofs other than
wind or snow loads, on balustrades and loads from
movable goods, machinery, and plant that are not an
integral part of the structure,

LOAD, SERVICE. The unfactored dead and live loads.
This means service loads are not necessarily the same
as Alternative Method Design loads which do include
load factors.

OVERSTRENGTH. The overstrength takes into account
all possible factors that may contribute to strength such
as higher than specified strengths of the steel and con-
crete, steel strain hardening, and additional steel placed
for construction and otherwise unaccounted for in calcu-
lations.

P-DELTA EFFECT. Implies or refers to the increase in
overturning moment at any level of the structure, caused
by the gravity load which is laterally displaced in the
deformed structure due to seismic or wind load or other
effects.

PIER. A vertical element (usually associated with bridge
structures) subjected primarily to both compressive
axial loads and seismic forces.

PLAIN CONCRETE. Concrete that contains less than the
minimum reinforcement required by this Code.

PLASTIC HINGE REGION. Regions in a member as de-
fined in this Code where significant rotations due to in-
elastic strains can develop under flexural actions.

POST-TENSIONING. A method of prestressing in which
the tendons are tensioned after the concrete has hard-
ened.

PRECAST CONCRETE. A concrete element cast in other
than its final position in the structure.

PRESTRESSED CONCRETE. Concrete in which there
have been introduced internal stresses of such magni-
tude and distribution that the stresses resulting from
loads are counteracted to a desired degree.

PRE-TENSIONING. A method of prestressing in which
the tendons are tensioned before the concrete is placed.

REINFORCED CONCRETE. Concrete containing steel
reinforcement, and designed and detailed so that the two
materials act together in resisting forces.
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SEGMENTAL MEMBER. A structural member made up of
individual elements designed together to act as a mono-
lithic unit under service Joads.

SPAN LENGTH. See 3.3.3.50r11.1

SPIRAL. Continuously wound reinforcement in the form
of a cylindrical helix.

STIRRUP OR TIES. Reinforcement used to resist shear
and torsion in a structural member; typically bars, wires,
or welded wire fabric (smooth or deformed) bent into
L, U, or rectangular shapes and located perpendicular
to or at an angle to longitudinal reinforcement. (The
term “‘stirrups’ is usually applied to lateral reinforce-
ment in beams and the term “ties” to those in columns.)
Stirrup ties or hoops refer to closed stirrups which play
a confining role in addition to acting as shear steel.

STRENGTH:

STRENGTH, COMPRESSIVE OF CONCRETE. The
crushing resistance of cylindrical specimens of con-
crete, prepared, cured and tested in accordance with
the standard procedures prescribed in Sections 3, 4
and 6 of NZS 3112:Part 2. This is normally denoted
by the general symbol f,..

STRENGTH, DEPENDABLE OR  RELIABLE
STRENGTH. The ideal strength multiplied by the
appropriate strength reduction factor.

STRENGTH, OVER. See Overstrength.

STRENGTH, IDEAL. The ideal or nominal strength of
a section of a member is calculated using the section
dimensions as detailed and minimum specified mater-
ial strengths,

STRENGTH, SPECIFIED COMPRESSIVE OF CON-
RETE. A singular value of strength normally at
age 28 days unless stated otherwise, denoted by the
symbol fc'. which classifies a concrete as to its strength
class for purposes of design and construction. It is
that level of compressive strength which meets the
production standards required by Section 6 of NZS
3109.

STRUCTURAL. A term used to denote an element or
elements which provide resistance to forces acting on the
building or bridge.

SUPPLEMENTARY CROSS TIES. Additional ties placed
around stirrup ties or longitudinal bars. See Sections 6
and 10.

TENDON. Steel elements such as wire, cable, bar, rod, or
strand used to impart prestress to concrete when the
element is tensioned.

TIES. See Stirrups.
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TRANSFER. Act of transferring stress in prestressing ten-
dons from jacks or pre-tensioning bed to a concrete
member,

UNBONDED TENDONS. Tendons which are not bonded
to the concrete either directly or through grouting. They
are usually wrapped in a protective and lubricating coat-
ing to ensure that this condition is obtained.

WALL. Means a structural wall, which because of its posit-
ion and shape is designed to contribute to the rigidity
and strength of a building.

WOBBLE FRICTION. In prestressed concrete, the (riction
caused by the unintended deviation of the prestressing
sheath or duct from its specilied profile.
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GENERAL DESIGN REQUIREMENTS
3.1 Notation

the ratio of the reduction in moment of resistance to
the numerically largest moment given anywhere by
the elastic analysis for that particular member cover-
ing all appropriate combinations of design load
neutral axis depth measured from extreme compres-
sion fibre, mm

distance from extreme compression fibre to centroid
of tension reinforcement, mm

earthquake loads as defined by NZS 4203

modulus of elasticity of concrete, MPa

o

earthquake loads for parts and portions, specified in

s Executivexinless yowsactionssare covered by Part 3 ghthe CopyrighbAct 1994.

%
NZS 4203, applied as inertia loading to the secondary
elements

&, modulus of elasticity of steel, MPa

©

L’. specified compressive strength of concrete, MPa

f?_y specified yield strength of non-prestressed reinforce-

< ment, MPa

Q

I§n clear span for positive moment or shear and the

2 average adjacent clear spans for negative moment, mm

%/l structural material factor as defined in NZS 4203

5 structural type factor as defined in NZS 4203

c

2 modification factor by which deformations A are

8 multiplied, as specified in NZS 4203

©

's‘;'c ideal shear stress provided by concrete, MPa

v, factored load per unit length of beam or per unit area

é of slab

Y density of concrete, kg per m?

‘fg’x displacement or deformation (angular or lineal) of

% the primary elements due to the loading F

'%Ap displacement or deformation (angular or lineal) of the

E secondary elements due to the loading £,

[}

c

£ 3.2 Scope

4

2 3.2.1 In the design of reinforced and prestressed con-

Zrete structures for buildings and bridges, the methods of

esign, loading arrangements, assumptions for analysis,
aterial and stiffness properties, load combinations and
cometric limitations for structural systems and members
1all be as specified in this Section,

g

3.3 General principles and requirements for analysis
and design

3.3.1 Methods of design. Members shall be proportioned
r adequate strength in accordance with the provisions of
is Code using the factored loading specified in NZS 4203,
1 other appropriate loadings code and strength reduction
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332 Arrangement of live load for buildings

3.3.2.1 In frame analysis for gravity loading the live
oad may be considered to be applied only to the floor or
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roof under consideration, and the far ends of the columns
of continuous frames may be assumed as fixed.

3.3.2.2 In arranging gravity loads, consideration may be
limited to combinations of:
(a) Design dead load on all spans with full design live
load on two adjacent spans; and
(b) Design dead load on all spans with full design live
load on alternate spans,

3.3.3 Assumptions and methods of analysis

3.3.3.1 All members of frames or continuous construc-
tion shall be designed for the maximum effects of factored
loads as determined by the theory of elastic analysis, except
as modified according to 3.3.3.4., The redistribution of
moments permitted in 3.3.3.4 shall not be applied to the
approximate moments of 3.3.3.3.

3.3.3.2 Except for prestressed concrete, approximate
methods of frame analysis may be used for buildings of
usual types of construction, spans, and storey heights.

3.3.3.3 In lieu of a more accurate method of frame
analysis for gravity loading, provided:

(a) There are two or more spans;

(b) Spans are approximately equal, with the larger of two
adjacent spans not greater than the shorter by more
than 20%;

(¢) Loads are uniformly distributed; and

(d)  Unit live load does not exceed three times unit dead

load;
the following approximate moments and shears may be
used in design of continuous beams and one-way slabs
(slabs reinforced to resist flexural stresses in only one
direction):
(1) Positive moment:

End spans

Discontinuous end unrestrained

(2) Negative moment at exterior face of first interior
support:
Twospans ... ................... w8, /9
More than twospans . . . ........... wy,%,% /10
(3) Negative moment at other faces of
interior supports . . ... ... ... . ..., w22 11
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(4) Negative moment at face of all supports for:
Slabs with spans not exceeding 3 m; and

Beams where ratio of sum of column stiffness
to beam stiffness exceeds eight at each end of
thespan ...... .. .. .. .. ... . ... w2, 12

(5) Negative moment at interior face of exterior support
for members built integrally with support:

Where support is a spandrel beam . . . . . w, 9,224

Where support isa column .. ... ... .. qun2/16
(6)  Shear in end members at face of

first interior support . ... ... ... ... L1S w,8,/2
(7)  Shear at face of all other supports .. .. ... Wy 8nl2

3.3.3.4 Redistribution of the design moments obtained
by elastic analysis may be carried out for non-prestressed
flexural members in accordance with all the following pro-
visions:

(a) Equilibrium between the internal forces and the
external loads must be maintained under each appro-
priate combination of factored loads

(b) The dependable strength after redistribution provided
at any section of a member shall not be less than 70%
of the moment for that section obtained from an
elastic moments envelope covering all appropriate
combinations of loads

(c) The elastic moment at any section in a member due
to a particular combination of factored loads shall
not be reduced by more than 30% of the numerically
largest moment given anywhere by the elastic mo-
ments cnvelope for that particular member, covering
all combinations of factored loads

(d) The neutral axis depth ¢, of a section resisting a
reduced moment of resistance due to moment redis-
tribution must not be greater than:
c =(06-B)d (Eq. 3-1)

where B is the ratio of the reduction in moment of resis-

tance to the numerically largest moment given anywhere

by the elastic analysis for that particular member covering
all appropriate combinations of a factored load.

3.3.3.5 For the purpose of computing moments, shears,
deflections or stiffnesses the following span lengths shall be
used:

(a) Span length of members not built integrally with
supports shall be considered the clear span plus depth
of member but need not exceed distance between
centres of supports

(b) In analysis of frames or continuous construction for
determination of moments, span length shall be taken
as the distance centre-to-centre of supports

20

(c) For beams built integrally with supports, moments at
faces of support may be used for design

(d) Solid or ribbed slabs built integrally with supports,
with clear spans not more than 3 m, may be analysed
as continuous slabs on knife edge supports with spans
equal to the clear spans of the slab and width of
beams otherwise neglected.

3.3.3.6 In computing the effective moment of inertia
of cracked sections, the effective width of the overhanging
parts of flanged members shall be one-half of that given in
3.3.6.2.

3.3.3.7 When separate floor finish is placed on a slab it
shall be assumed that:

(a) A floor finish is not included as part of a structural
member unless placed monolithically with the floor
slab or designed in accordance with requirements of
Section 8

(b) All concrete floor finishes may be part of required
cover or total thickness for non-structural consider-
ations.

3.3.4 Material properties

3.34.1 The modulus of elasticity £, for concrete may
be taken as 0.043w !5 \/f;(in MPa) for values of w between
1400 and 2500 kg/m®. For_normal weight concrete, E,
may be considered as 4700 v/

3.3.4.2 The modulus of elasticity E of non-prestressed
steel reinforcement may be taken as 200 GPa.

3.3.4.3 The modulus of elasticity Eg of prestressing
tendons shall be determined by tests or supplied by the
manufacturer,

3.3.5 Stiffness

3.3.5.1 Computation of the relative flexural, shear and
torsional stiffnesses of structural members shall be based on
recognized engineering principles. Assumptions shall be
consistent throughout analysis.

3.3.5.2 Effect of stiff panel zones at the intersection of
deep members and haunches shall be considered both in
determining bending moments and in design of members.

3.3.6 Structural members

3.3.6.1 In design of columns, consideration shall be
given to:

(a) Resistance of axial forces from factored loads on all
floors or roof and the maximum moment from fac-
tored loads on a single adjacent span of the floor or
roof under consideration. Consideration shall also be
given to loading conditions giving the maximum ratio
of moment to axial load
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The effect of unbalanced floor or roof loads on both
exterior and interior columns in frames or continuous
construction, and eccentric loading due to other
causes

o
N

Computing moments in columns due to gravity load-
ing, when the far ends of columns built integrally
with the structure may be considered fixed. Moments
at the faces of beams may be used for the design of
columns
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Resistance to moments at any floor or roof level,

= which shall be provided by distributing the moment
; between columns immediately above and below the
ES given floor in proportion to the relative column stiff-
2 ness and conditions of restraint.

5

g 33.62 In T-beam construction, the slab and web shall
de built integrally or otherwise effectively bonded together
@nd the following requirements shall also be satisfied:

2]

©

®a) The width of slab effective as a T-beam flange resisting

stresses due to flexure, shall not exceed one-quarter
the span length of the beam, and the effective over-

hanging slab width on each side of the web shall not
exceed:

(1) Eight times the slab thickness, nor
(2) Half the clear distance to the next web

For beams with a flange on one side only, the effec-
tive overhanging slab width considered in flexural
resistance, shall not exceed:

(1) One-twelfth the span length of the beam, nor

(2) Six times the slab thickness, nor

(3

Isolated beams, in which the T-shape is used to pro-
vide a flange for additional compression area, shall
have a flange thickness not less than one-half the
width of web and an effective flange width not more
than four times the width of web. In such beams
transverse reinforcement placed perpendicularly to
the beam shall be provided so as to:

Half the clear distance to the next web

ermission from Standards New Zeal%ﬂd, on behalf of New Zealand Stal
N

(g
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(1) Carry the factored load on the overhanging slab
width assumed to act as a cantilever

(2) Act as shear reinforcement when necessary to
ensure flange action

(3) Be placed not further apart than five times the

slab thickness, nor 450 mm.

3.4 Principles and requirements additional to 3.3 for
members not designed for seismic loading

3.4.1 Method of design. As an alternative to 3.3.1, for
on-prestressed members designed in accordance with

permitted to reproduce or distribute any part of this standard without prior written pi
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allowable stresses under the governing design load, the
“Alternative Method” provided in Appendix B may be
used. For this the design load combinations specified in
NZS 4203, or other appropriate loadings code must be
used.

3.4.2 Joist construction

3.4.2.1 Joist construction consists of a monolithic com-

bination of regularly spaced ribs and a top slab arranged to
span in one direction or two orthogonal directions,

3.4.2.2 Ribs shall not be less than 100 mm in width;
and shall have a depth of not more than three and one-half
times the minimum width of rib used.

3.4.2.3 Clear spacing between ribs shall not exceed
750 mm.

3.4.2.4 Joist construction not meeting the limitations

of 3.4.2.1 to 3.4.2.3 inclusive shall be designed as slabs and
beams.

34.2.5 When permanent bumed clay or concrete tile
fillers or material having a unit compressive strength at least
equal to that of the specified strength of concrete in the
joists are used:

(a)  Vertical shells of fillers in contact with the ribs may
be included in strength computations for shear and
negative moment. Other portions of fillers shall not
be included in strength computations

(b) Slab thickness over permanent fillers shall not be less
than one-twelfth the clear distance between r1ibs, nor
less than 40 mm

(c) Width of ribs shall not be less than 80 mm and depth
shall not be more than six times the minimum width
of the rib

(d) In one-way joists, reinforcement normal to the ribs
shall be provided in the slab as required by 5.3.32.

34.2.6 When removable forms or fillers not complying
with 3.4.2.5 are used:

(a) Slab thickness shall not be less than one-twelfth the
clear distance between ribs, nor less than 50 mm
(b) Reinforcement normal to the ribs shall be provided in

the slab as required for flexure, considering load con-
centrations if any, but not less than required by
5.3.32.

34.2.77 Where conduits or pipes are embedded within
the slab, slab thickness shall be at least 25 mm greater than
the total overall depth of the conduits or pipes at any point.
Conduits or pipes shall not impair significantly the strength
of the construction.

3428 Shear stress carried by concrete v, for the ribs
may be taken as 10% greater than provided in Section 7.
Shear strength may be increased by use of shear reinforce-
ment or by widening the ends of the ribs.
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3.5 Principles and requirements additional to 3.3 for
the analysis and design of structures subjected to
seismic loading

3.5.1 Methods of design

3.5.1.1 To provide minimum resistance for the appro-
priate combination of gravity and seismic loads specified by
NZS 4203 or other approprate loading code, design
methods shall be used which are applicable to the structural
systems as follows:

(a) Ductile structures resisting seismic loading and under-
going inelastic displacements are required to dissipate
energy by ductile flexural yielding in specified locali-
ties of the structure. Ductile structures shall be sub-
ject to capacity design as defined in Section 2. Ade-
quate ductility and hysteretic dissipation of seismic
energy may be considered to have been provided for,
if all primary earthquake resisting elements of such
structures are designed and detailed in accordance
with this Code

(b) Structures of limited ductility are assumed to have
low inelastic deformation demand and are designed to
resist seismic loads derived with the use of larger
structural type factors, as specified in NZS 4203 or
other appropriate loading code. Member strength is
determined either with capacity or strength design
procedures according to Section 14

(c) Elastically responding structures are not expected to
develop inelastic deformations while resisting the
largest seismic loads specified by NZS 4203, or other
appropriate loading code. Accordingly they may be
designed to conform to 3.3 and are exempt from the
seismic requirements for detailing for ductility.

3.5.12 For structures subjected to seismic loading, the
alternative method of design, given in Appendix B, shall not
be used,

3.5.1.3 Wherever the requirements of a capacity design
procedure apply, the maximum member actions to be
expected during larpe inelastic deformatjons of a structure
shall be based on the overstrength of the potential plastic
hinges.

3.5.14 The interaction of all structural and non-
structural elements which, due to seismic displacements,
may affect the response of the structure or the performance
of non-structural elements, shall be considered in the design
of that structure.

3.5.1.5 Consequences of failure of elements that are
not a part of the intended primary system for resisting seis-
mic forces shall also be considered.

3.5.1.6 Floor and roof systems in buildings shall be
designed to act as horizontal structural elements, where

required, to transfer seismic forces to frames or structural
walls.

3.5.1.7 Structural systems and design methods, other
than those covered in this Code, may be used only if it can
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be shown by analysis or experiment, based on accepted
engineering principles, that adequate strength, stiffness and
ductility for the anticipated seismic movements have been
provided for.

3.5.2 Seismic loading

3.5.2.1 In the derivation of the lateral seismic loading,
to be considered with the appropriately factored gravity
load, the structural type factor S, the structural material
factor M, specified by NZS 4203 or other approved codes,
shall be used. The same structural type factor S shall be
substituted in all relevant equations of the additional seis-
mic requirements of this Code.

3.5.2.2 Where modified capacity design procedures are
used, the approprate factors for member overstrength,
dynamic moment and shear magnification shall be used to
determine the design actions on members.

3.5.2.3 In considering the concurrency of seismic
effects in two-way horizontal force resisting systems the
following requirements shall be satisfied:

(a) Columns and walls, including their joints and foun-
dations, which are part of a two-way horizontal force
resisting system, shall be designed, in accordance with
the requirements of NZS 4203, for concurrent effects
resulting from the simultancous yielding of all beams
or diagonal braces {raming into such columns or walls
from all directions at the level under consideration
and as appropriate at other levels

(b) When the design actions on columns, walls or foun-
dations have been derived from capacity design pro-
cedures with appropriate magnifications for dynamic,
concurrency and other extreme seismic effects, the
intent of 3.5.2.3 (a) may be deemed to have been
satisfied if components of such two-way framing
systems are designed separately for the maximum
actions so derived for each of the principal directions
of the seismic loading

(c) Bridge members shall be designed for any additional
forces resulting from seismic actions along both major
axes of the structure concurrently, such as those due
to friction or shear stiffness of devices intended to
prevent horizontal movement in a direction perpen-
dicular to that being considered.

3.5.3 Assumptions and methods of analysis

3.53.1 In determining the minimum strengths for
members, designed for the maximum effects of factored
static loads determined by elastic analysis, or for effects
derived from dynamic analysis, as permitted by NZS 4203
or other appropriate loading code, the strength reduction
factors specified in Section 4 shall be used.

3.5.3.2 Structures classified in 3.5.1.1 (a), such as duc-
tile frames composed of beamns and columns with or with-
out shear walls, and also cantilever or coupled shear walls
and bridge piers, shall be assumed to be forced into lateral
deformations sufficient to create reversible plastic hinges by
actions of a severe earthquake.
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3.5.3.3 Whenever capacity design procedures are used
to determine the strengths of members of structures classi-
fied in 3.5.1.1 (a) and (b), strength reduction factors need
not be used.

3.53.4 In ductile structures or structures with limited
ductility, that are continuous, a redistribution of moments,
derived from an elastic analysis for factored gravity and the
seismic load, may be made, provided:

(@) The amount of moment that is redistributed in any
span of continuous beams shall not exceed 30% of
the absolute maximum moment derived for that span
from elastic analyses for any combination of earth-
quake and appropriately factored gravity loading

The redistribution of beam terminal moments shall
not reduce the combined end moments in any
column, taken at the axis of the beam, to less than
70% of the value derived from elastic analysis for the
design earthquake load only. This limitation is satis-
fied if the redistribution of shear forces between
columns, due to the design earthquake load only, is
limited to 30% reduction of the shear force derived
from elastic analysis for the column affected

(b)

(¢) The positive span moments for all design load com-
binations shall be modified in beams when terminal
moments are changed, to satisfy the requirements of

statics

Moment redistribution shall not be used where
terminal beam moments for any load combinations
are based on nominal values

(d

(e) The requirements of 3.3.3.4 are to be satisfied when
the structure is subjected to gravity and wind load

only

Redistribution of moments due to lateral seismic load
only, between cantilever or coupled shear walls, with
or without ductile frames, shall not change the maxi-
mum value of the moment derived from elastic analy-
sis for any wall by more than 30%.

Q)

3.5.4 Material properties

3.5.4.1 The structural material factors M, to be used
together with the appropriate structural type factors shall
be those specified in NZS 4203 or other appropriate load-
ings code for reinforced concrete and prestressed concrete.

3.54.2 Specified compressive strength of the concrete,
fc', shall not be less than 20 MPa and shall not exceed
55 MPa unless the requirements of 13.5.2 are satisfied.

3.5.4.3 Specified yield strength of reinforcement, fy,
used in potential plastic hinge regions, shall not exceed
415 MPa.

3.5.44 Grade of reinforcement used shall be only that
specified except that substitution of higher grades of rein-
forcement may be made with the approval of the designer.
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3.5.4.5 Only deformed bars shall be used for longitudi-
nal non-prestressed reinforcement.

3.54.6 Grade 275 plain round bars shall be used for
transverse reinforcement, except that Grade 380 plain bars
of up to one-half the diameter of the longitudinal bars may
be used as transverse reinforcement, provided that such
plain bars are permanently identified.

3.5.5 Stiffness

3.5.5.1 For the purpose of estimating periods of vib-
ration and structural distortions, to comply with require-
ments of NZS 4203 or other appropriate loading code,
allowances shall be made for the effects of cracking on the
stiffness of various structural members.

3.5.5.2 In the estimation of stiffness or deformations
of shear walls and other deep members, allowance shall be
made for shear distortions, and distortions of anchorages
and foundations, where appropriate.

3.5.6 Ductile moment resisting space frames

3.5.6.1 In fully ductile space frames where the gravity
and lateral load is resisted entirely by frame action, without
the contribution of shear walls, primary members and their
connections shall comprise cast-in-place monolithic rein-
forced or prestressed concrete, except that precast members
with connections formed on site may be used, provided
that the energy dissipation properties of the system, in
accordance with 3.5.1.1 (), are verified by analysis or tests
to the approval of the Engineer.

3.5.6.2 Taking into account the flexural overstrength
of beams, the flexural strength of columns in frames with
more than two storeys shall be sufficient to preclude the
possibility of simultaneous plastic hinge formation in the
top and bottom of all columns in any storey with the
exception of the top storey of a bent.

3.5.6.3 With the exception of the top storey,the likeli-
hood of yielding in columns, before the yielding of beams,
shall be minimized in frames with more than two storeys,
unless the requirements of 3.5.6.10 are satisfied.

3.5.6.4 1In determining the flexural strength of columns
the most adverse combination of earthquake and gravity
induced axial load, consistent with the origin of column
moment, shall be considered.

3.5.6.5 The design column bending moment may be
reduced in a bent in which a ductile column is subject to
small axial compression or to tension, provided that the
corresponding reduction in shear resistance is insignificant
in terms of the seismic shear resistance of the entire bent.

3.5.6.6 In evaluating the earthquake induced axial design
loads on columns, the shear forces in the beams, derived
from capacity design procedures, shall be considered with
factored gravity loads in accordance with NZS 4203 or
other appropriate loading code.
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3.5.6.7 In estimating the earthquake induced axial
design loads on columns, allowance may be made for the
reduction of accumulated beam shear forces associated with
flexural overstrength with increasing number of storeys.

3.5.6.8 The design shear forces across columns shall be
based on an adverse moment gradient consistent with the
development of plastic hinges at flexural overstrength in the
adjoining beams or columns where plastic hinges are expec-
ted.

3.5.69 The ideal shear strength of columns shall not be
less than 1.7 times the shear force calculated from the
application of the design seismic loads of NZS 4203 or
other appropriate loading code.

3.5.6.10 Interior columns of gravity load dominated
ductile frames, three storeys or higher, may be designed to
develop plastic hinges in any storey simultaneously at the
top and the bottom ends, while beam hinges develop at or
near the exterior columnns only. The total dependable flexu-
ral strength of such a mechanism with respect to lateral
loading shall be at least twice that which would be required
by the application of the design seismic loads of NZS 4203
or other appropriate loading code. Exterior columns shall
have adequate flexural reserve strength to absorb without
yielding, the overstrength moments generated in adjacent
beam hinges.

3.5.6.11 In single storey or two-storey structures and
in the top storey of a multistorey frame, column hinge
mechanisms are permitted. Where such mechanisms are
used and where the adjacent beams are proportioned accor-
ding to capacity design procedures so that no beam yielding
can occur under the most adverse loading condition or
inelastic  displacements, the requirements of 3.5 with
respect of such beams only, need not be satisfied.

3.5.6.12 Components of the structure, which are not
intended to act as primary lateral load resisting members,
may be precast, cast-in-place, composite or of any other
approved system, provided that the connections to the
ductile frame permit the expected inelastic deformations to
occur without irreparable damage to the primary member
of the frame to which they may be attached, and without
any reduction below the required gravity load carrying

capacity of such secondary component. Where relevant, the
requirements of 3.5.14 shall be satisfied.

3.5.6.13 Provisions shall be made for P-delta effects in
accordance with the requirements of NZS 4203 or other
appropriate loading code.

3.5.7 Ductile shear wall structures

3.57.1 In ductile structures where the lateral earth-
quake load is resisted by a system of cantilever or coupled
walls, the appropriate structural type factor § specified by
NZS 4203 shall be used, and where applicable, allowance
for the dynainic magnification of shear forces shall be made.

3.5.72 Al walls to which lateral earthquake load is
assigned shall be designed to be capable of dissipating seis-
mic energy by [lexural yielding.
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3.5.7.3 Appropriately modified capacity design pro-
cedures shall be used to ensure that the ideal shear strength
of walls is in excess of the shear force when flexural over-
strength is reached.

3.5.7.4 When two or more cantilever walls are inter-
connected in the same plane at intervals by substantial duc-
tile beams, part of the seismic energy to be dissipated shall
be assigned to the coupling system. Capacity design pro-
cedures shall be used to ensure that the energy dissipation
in the coupling system can be maintained at its flexural
overstrength.

3.5.8 Ductile hybrid structures

3.5.8.1 Whenever a combination of different duclile
structural systems is used, rational analysis, taking into
account the relative stiffness and location of such elements,
shall be employed to allocate the seismic resistance to each
element. In this, attention shall be given to the likely energy
dissipation capacity of each element, and the ensuing local
damage in relation to the ductility demand on the element
when the desired ductility for the building as a whole is
attained.

3.5.9 Ductile bridge structures

3.5.9.1 Bridge structures shall be designed for the load-
ing specified in the appropriate loadings code. Where the
structure can be classed as “‘ductile” or some of its mem-
bers are intended to perform as such, the detailing of
appropriate members shall be in accordance with this
Clause and the relevant clauses of Sections 6 and 7. Where
the design loadings chosen apply to bridge structures with
“limited ductility”, the provisions of Section 14 apply.
Where mechanical energy dissipating devices are incorpor-
ated, the provisions of 3.5.13 apply.

3.5.9.2 Prinary lateral load resisting members shall be
subject to capacity design procedures. The dependable
flexural strength of primary energy dissipating members
shall be not less than the bending moments assigned to their
locations from an elastic analysis with the design loadings
applied. The structure shall then be analysed as a plastic
mechanism assuming all intended or potential plastic hinges
to have developed their flexural overstrength, and the
strength of resisting members shall be made such as to
minimize the likelihood of yielding in such members under
these conditions.

3.59.3 In determining the required flexural strength of
piers, the most adverse combination of earthquake and
gravity induced axial load, consistent with the plastic hinge
mechanism, shall be considered.

3.5.9.4 The ideal flexural and shear strength of mem-
bers resisting the moments caused by frictional forces in
sliding bearings shall have a suitable margin over the moment
and shear induced at the maximum likely coefficient of
friction.

3.5.9.5 The ideal flexural and shear strength of mem-
bers resisting the moments caused by shear forces in elasto-



%ht Act 1994.

eric bearings, where the members are not intended to
orm plastic hinges as part of the primary seismic energy
issipating mechanism, shall have a suitable margin over the
actions corresponding to the horizontal limit displacement
appropriate to the design.
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3.5.9.6 In order to protect the bridge against biittle
failure, reserve shear capacity shall be provided. Accordingly,
othe ideal shear strength in members which are part of the
8pr1mary seismic dissipating mechanism, such as piers, and
£in the resisting members, such as shear keys, shall be not
gless than the forces corresponding to a plastic mechanism
gin which all intended plastic hinges are assumed to have
s developed their overstrength.
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3.5.9.7 Transverse reinforcement for confinement in
otential plastic hinge regions shall be not less than that
quired by 6.5.3.3 or 6.5.4.3 whichever is appropriate. It
shall be established that the structure ductility capability is
not less than the structure ductility demand appropriate to
the design.
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3.5.9.8 Attention to detail shall be given to minimize
secondary damage during strong earthquake motions. Due
allowance shall be made to accommodate the anticipated
relative movements between structural components.

3.59.9 Positive horizontal linkage shall be provided
between adjacent sections of superstructure at supports and
S hinges, and between superstructures and their supporting
§ abutments, Holding-down devices shall be provided at all
@ supports and hinges where horizontal deflection of the
= superstructure can cause an appreciable reduction in the

gravity load reaction between superstructure and bearings.
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3.5.10 Structures with limited ductility

3.5.10.1 In structures with limited ductility, the system
as a whole or the primary lateral load resisting components
are not considered to be capable of sustaining the inelastic
displacements that are expected in fully ductile structures,
without significant loss of strength or reduction in energy
dissipating capacity. Therefore in the design of such struc-
tures, in accordance with 3.5.1.1 (b):

Larger structural type factor S shall be used to derive
the total design earthquake load to the requirements
of NZS 4203. Where specified the appropriate code
loading for structures of limited ductility shall also
apply to bridge structures

~
1
~—'

Appropriate detailing of potential plastic regions, in
accordance with Section 14, shall ensure that the
reduced ductility demands can be met

®)

Capacity design procedures may be used, in combi-
nation with modifications for the additional seismic
design and detailing requirements of this code for
fully ductile structures, as permitted by 14.3.3.1

~
<

Strength design procedures in accordance with the
general principles and requirements of the relevant
sections of this Code may be used only in conjunc-
tion with the limitations imposed by Section 14.

@
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3.5.11 Elastically responding structures.  Structures
which are expected to respond elastically to large earth-
quake motions, in accordance with 3.5.1.1 (c), are exempt
from the additional seismic requirements of all relevant
sections of this Code, provided that the earthquake design
load used is that specified for these types of structures by
NZS 4203 or other appropriate loading code.

3.5.12 Foundations

3.5.12.1 The concrete foundation system shall main-
tain its ability to support the design gravity loads while
maintaining the chosen earthqueke energy dissipating mech-
anisms in the structure.

3.5.12.2 Elastic foundations supporting ductile super-
structures. For structures in which the entire dissipation of
expected seismic energy has been assigned to the ductile
superstructure, the foundations may be designed to remain
elastic. The following conditions apply:
(a) The actions in the foundation structure shall be
derived from the earthquake induced axial loads and
corresponding moments and shear forces in columns
and walls at the top of the foundation structure, at
the development of flexural overstrength in the
chosen energy dissipating mechanism in the super-
structure consistent with the appropriately factored
gravity loads, in accordance with capacity design pro-
cedures

When the superstructure is of limited ductility, the
design actions in the foundation structure shall be
1.8 times those resulting from the lateral design load
applied to the superstructure, combined with the
appropriately factored gravity loads

(®)

(¢) Every component of the foundation structure shall
have a minimum ideal strength to transmit these
actions to the supporting soil

(d) Components of the foundation structure so designed
need not meet the additional seismic design or detail-

ing requirements of relevant sections of this Code.

3.5.12.3 Elastic foundations supporting elastic super-
structures. Components of foundation structures designed
to transmit actions elastically from elastically responding
superstructure, defined in 3.5.1.1 (c), need not meet the
additional seismic requirements of this Code.

3.5.12.4 Ductile foundation structures. The foundat-
ions of buildings, in which the dissipation of seismic energy
is assigned entirely or partly to the foundation system,
while the specified earthquake and factored gravity loads
are maintained by the entire structural system, shall comply
with:

(a) The additional principles and requirements for struc-
tures designed for seismic loading, wherever the
actions that could be transmitted by the superstruc-
ture at the top of the foundations are less than those
which would result from the application of lateral
earthquake loading to the superstructure correspond-

ingwith SM=1.6
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(b) The requirements of Section 14, wherever the actions
that could be transmitted by the superstructure at the
top of the foundations are equal or larger than those
which would result from the application of lateral
earthquake loading to the superstructure correspond-
ing with SM =1.6.

3.5.12.5 Rocking foundations. When special studies
are carried out to the satisfaction of the Engineer, structu-
ral walls may be assumed to limit the seismic loads induced

in the structure by rocking with their foundations, provided
that:

(a) The vertical design loads on the foundations are
determined from factored gravity loads together with
overstrength contrbutions of adjacent slabs, beams
and other elements which may be yielding during the
rocking of the wall system, and having regard to all
accelerations induced in the superstructure during
rocking

(b)  The lateral design load acting simultancously with the
vertical forces, in accordance with 3.5.12.4 (a), are
determined from special studies.

3.5.12.6 Lateral forces on retaining walls and piles.
Particular attention shall be given to forces that might
develop against retaining walls and piles during earthquakes.

3.5.12.7 Uplift forces. Uplift forces that may act on
foundation pads during earthquakes, shall be considered to
ensure that, when necessary, adequate flexural tension rein-
forcement is provided in the top of isolated footing pads or
in other localities of continuous or combined footings or
rafts, where under gravity load compression stresses would
prevail. Such reinforcement shall not be less than 0.001
times the gross sectional area of such a pad.

3.5.13  Structures incorporating mechanical energy
dissipating devices. The design of structures
incorporating flexible mountings and mechanical energy
dissipating devices is acceptable provided that the following
criteria are satisfied:

(a) The performance of the devices used is substantiated
by tests

(b)  Proper studies are made towards the selection of suit-
able design earthquakes for the structure

(c) The degree of protection against yielding of the struc-
tural members is at least as great as that implied in
this Code relating to the conventional seismic design
approach without energy dissipating devices

(d) The structure is detailed to deform in a controlled

manner in the event of an earthquake greater than the
design carthquake.

3.5.14 Secondary structural elements

3.5.14.1 Secondary elements are those which do not
form part of the primary seismic force resisting system, or

are assumed not to form such a part and are therefore not
necessary for the survival of the building as a whole under
seismically induced lateral loading, but which are subjected
to loads due to accelerations transmitted to them, or due to
deformations of he structure as a whole. These are classi-
fied as follows:

(a) Elements of Group 1 are those which are subjected to
inertia loading but which, by virtue of their detailed
separations, are not subjected to loading induced by
the deformation of the supporting primary elements
or secondary elements of Group 2

(b) Elements of Group 2 are those which are not detailed
for separation, and are therefore subjected to both
inertia loadings, as for Group 1, and to loadings
induced by the deformation of the primary elements.

3.5.14.2 Group 1 elements shall be detailed for separ-
ation to accommodate deformations VA and A,,. Such
separation shall allow adequate tolerances in the construc-
tion of the element and adjacent elements, and, where
appropriate, allow for deformation due to other loading
conditions such as gravity loading. For elements of Group 1:

(a) Loading E), used in the design shall be that specified
in NZS 4203

(b)  Analysis may be by any rational method

(c) Detailing shall be such as to allow ductile behaviour
and in accordance with the assumptions made in the
analysis. Fixings for precast units shall be designed
and detailed in accordance with 3.5.15.

3.5.143 Group 2 elements shall be detailed to allow
ductile behaviour and in accordance with the assumptions
made in the analysis. For elements of Group 2:

(a)  Additional seismic requirements of this Code need not
be satisfied when the design loadings are derived from
the imposed deformations va, specified in NZS 4203,
and the assumptions of ¢lastic behaviour

(b) Additional seismic requirements of this Code shall be
met when plastic behaviour is assumed at levels of
deformation below v A

() Inertia loading £, shall be that specified by NZS
4203

(d) Loadings induced by the deformation of the primary
elements shall be those arising from the level of defor-
mation VA, specified in NZS 4203 having due regard
to the paftern and likely simultaneity of deformation

(¢) Analysis may be by any rational method, in accor-
dance with the principles of elastic or plastic theory,
or both. Elastic theory shall be used to at least the
level of deformation corresponding to and compatible
with one-quarter of the amplified deformation, VA,
of the primary elements, as specified in NZS 4203
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Where elastic theory is applied in accordance with (e)
for deformation corresponding to 0.5 pA or larger,
the design and detailing requirements of Section 14
may be applied, but otherwise the additional seismic
requirements of other sections shall apply.

®

3.5.15 Fixings for precast non-structural elements

3.5.15.1 When seismic deflection of the structure
results in relative movement between a precast element and
the points on the structure to which it is fixed, the fixings
shall be designed to give clearance for the relative move-
ments at these fixing points, corresponding to the seismic
deflection computed by NZS 4203.
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3.5.15.2 In buildings where the relative movements at
the fixing points, computed in accordance with 3.5.15.1,
are provided for by the capacity of the steel fittings for
ductile deformation, and the relative movements do not
require deflections in the fixings in excess of twice their
yield deflection, the clearances required by 3.5.15.1 need
not be provided.

3.5.15.3 For exterior elements and elements adjacent
to any means of egress, the fixings, together with their
anchorages shall be designed to deform in a ductile manner
under movements exceeding the clearances required by
3.5.15.1.
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4 STRENGTH AND SERVICEABILITY

4.1 Notation

A averape effective area of concrete in tension around
each reinforcing bar, calculated from the effective
tension area of concrete surrounding the main tension
reinforcing bars and having the same centroid as that
reinforcement, divided by the number of bars, mm?

Az gross area of section, mm?

Ay area of non-prestressed tension reinforcement, mm?

A; area of compression reinforcement, mm?

d'  distance from extreme compression fibre to centroid
of compression reinforcement, mm

dg  distance from extreme tension fibre to centroid of

tension reinforcement, mm
£, modulus of elasticity of concrete, MPa. See 3.3.4.1
fé specified compressive strength of concrete, MPa

vV f¢ square root of specified compressive strength of con-
crete, MPa

Jer  average splitting tensile strength of lightweight aggre-
gate concrete, MPa

Iy modulus of rupture of concrete, MPa
fs steel stress at service load, MPa

fy specified yield strength of non-prestressed reinforce-
ment, MPa

h overall thickness of member, mm

h, distance from the centroid of the tension steel to the
neutral axis, mm

hy  distance from the extreme tension fibre to the neutral
axis, mm

I, moment of inertia of cracked section, mm?*

I, effective moment of inertia for computation of
deflection, mm?

g moment of inertia of gross concrele section about the
centroidal axis, neglecting the rein (orcement, mm?

ch factor used in computing deflections allowing for
long-time effects

g span length of beam, girder or one-way slab, as de-
fined in 3.3.3.5 (a); clear projection of cantilever, mm
n  length of clear span in long direction of two-way
construction, measured face-to-face of columns in

slabs without beams and face-to-face of beams or
other supports in other cases, mm

£ shortest span length of bridge deck slab, mm

M, maximum moment in member at stage for which
deflection is being computed, N mm

Mgy cracking moment, N mm

e Inaximum design axial load in compression with given
cccentricity due to gravity and seismic loading acting
on the member during an earthquake

P;  ideal axial load strength at given eccentricity

w  factored axial load at given eccentricity (not includ-
ing any prestressing force) < ¢P; N

fp  distance from extreme tension fibre to the centre of
the adjacent bar, mm

U  required strength in accordance with appropriate
design loadings code

w density of concrete, kg per m®

W ex Maximum crack width at the surface of the member,
mm

Yt distance from centroidal axis of gross section, neglect-
ing the reinforcement, to extreme fibre in tension

o ratio of flexural stiffness of beam section to the
flexural stiffness of a width of slab bounded laterally
by the centreline of the adjacent panel (if any) on
each side of the beam. See Section 11.

oy, average value of o for all beams on the edges of a
panel

B ratio of clear spans in long to short direction of two-
way slabs

By  ratio of length of continuous edges to total perimeter
of a slab panel

04 ratio of distance between centroids of tensile and

compressive reinforcement to overall depth of the
member

¢ strength reduction factor

4.2 General

42.1 Structures and structural members shall be
designed to have dependable strengths at least equal to the
required strengths calculated for the factored loads and
applied forces in such combinations as are stipulated in
NZS 4203 or other appropriate loadings code.

42.2 Members also shall meet all other requirements of
this Code to ensure adequate performance at service loads
in such combinations as are stipulated in the appropriate
loadings code.

4.3 Strength
4.3.1 General requirements

4.3.1.1 The design dependable strength of a member or
cross-section in terms of load moment, shear, or stress shall
be taken as the ideal strength calculated in accordance with
the requirements and assumptions of this Code, multiplied
by a strength reduction factor, ¢. The design dependable
strength of a member or cross-section shall be equal to or
greater than the required strength U resulting from the

design loads of NZS 4203 or other appropriate loadings
code,

4.3.1.2 The strength reduction factor ¢ shall be as
follows:

(a)  Flexure, with or without axial tension ... 090

(b) Axial tension ... ..., ., S S BRI o 0.90
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(c) Axial compression, with or without flexure:
Members with spirals, hoops or special trans-
verse reinforcement complying with
6.4.7.1(a),64.72()or6.543 .......... 0.90
Other members . .................... 0.70
except that ¢ may be increased linearly to 0.9 as Py
decreases from 0.10 fc'Ag to zero.

(d) Flexure in walls subjected to seismic loading

and designed in accordance with 10.5 . ... ... 0.90
(¢) Shearandtorsion .................... 0.85
(f) Bearingonconcrete ............... ... 0.70
(gp) Flexurein plain concrete .. ............. 0.65

43.1.3 Development lengths specified in Section 5
already allow for understrength.

4.3.1.4 Designs shall not be based on a yield strength
for reinforcing steel,fy, in excess of 550 MPa.

4 3.2 Additional requirements for members designed for

seismic loading. When the design moments, axial

loads and shear forces for a section are derived from over-

strengths of adjacent members or sections, in accordance

with capacity design, a ¢ factor of unity may be used for
that section.

4.4 Serviceability
4.4.1 Deflection

4.4.1.1 General. Members subject to flexure shall be
designed to have adequate stiffness to limit deflections or
any deformations which may adversely affect the service-
ability of the structure.

44.1.2 Minimum thickness. The minimum thickness
specified in this Clause shall apply unless the computation
of deflection according to 4.4.1.3 and 4.4.1 .4 indicates that
lesser thicknesses may be used without adverse effects:

(2)  One-way construction (non-prestressed) for buildings:
The minimum thicknesses stipulated in table 4.1 may
be used in lieu of calculation of deflections for one-
way construction not supporting or attached to
partitions or other construction likely to be damaged
by large deflections

(b) Two-way construction (non-prestressed) for buildings:

(1) The minimum thickness of slabs or other two-
way construction designed in accordance with
the provisions of Section 11, and having a ratio
of long to short span not exceeding 2, shall be
governed by equations 4-1,4-2 and 4-3, and the
other provisions of this clause

NZS 3101 : Part 1 : 1982
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Table 4.1

MINIMUM THICKNESSES OF NON-PRESTRESSED
BEAMS OR ONE-WAY SLABS

Minimum thickness, h

Members not supporting or
y Memb attached to partitions or other
MPz gocy construction likely to be damaged

by large deflections
Simply |One end| Both | Canti-
sup- | contin- | ends | lever
ported | uous |contin.
Solid one-
way slabs Uas | Hso | Mas | s
275
Beams or 9 9 Q 2
way slabs
Solid one- L 2 9 L
way slabs lar | s | Mg | T
380
Beams or
ribbed one- Q/17 2/19 Q/22 Q/S
way slabs

NOTE — The values given shall be used directly for members with
normal density concrete (w = 2400 kg/m3) and Grades
275 or 380 reinforcement. For other conditions, the
values shall be modified as follows:

For structural lightweight concrete having a density in the
range 1450—1850 kg/m3, the values shall be multiplied
by (1.65—.0003 w ) but not less than 1.09, where w is
the density in kg per m3.

For other than 275 or 380 MPa, the values for fy =
380 MPa shall be multiplied by (0.4 +fy/630).

, (5.52 + 0.005 £;)
"= 250 + 3sp [, — 0.5 (1 — ) (1 +(—13)]

(Eq. 4-1)
but not less than
2, (5.52+0.005f, )
L Y ... .. (Bq42)
250+ 35B8(1+ )
and need not be more than
2, (5.52+0.005f1,)
h=2" 2 ... .. (BEq43)

250

However, the thickness shall not be less than
the following values:

For slabs without beams
ordroppanels .............. 125 mm

For slabs without beams
but with drop panels
conforming to (2) below ....... 100 mm

For slabs having beams on
all four edges with a value
of ay, at least equal to 2.0 .. .. .. 90 mm
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For slabs without beams, but with drop panels
extending in each direction from the centre line
of support a distance not less than one-sixth the
span length in that direction measured centre-
to-centre of the supports, and a projection
below the slab of at least one quarter of the
slab thickness beyond the drop, the thickness
required by equations 4-1, 4-2 or 4-3 may be
reduced by 10%

At discontinuous edges, an edge beam shall be
provided with a stiffness ratio o not less than
0.80; or the minimum thickness required by
equations 4-1, 4-2 or 4-3, or by (2) above, shall
be increased by at least 10% in the panel with a
discontinuous edge

(c)  Composite construction for buildings:

If the thickness of non-prestressed composite mem-
bers meets the requirements of table 4.1, deflection
need not be computed except as required by 4.4.1.3
(d) for shored construction. The portion of the mem-
ber in compression shall determine whether the values
in table 4.1 for normal density or lightweight con-
crete apply

(d) Bridge structure members:
The minimum thickness stipulated in table 4.2 shall
apply to flexural members of bridge structures unless
computation of deflection and design for the effects
of trafficinduced vibration in accordance with 4.4.3
indicates that lesser thickness may be used without
adverse effect.

Table 4.2

MINIMUM THICKNESSES OF CONTINUOUS
PRISMATIC* FLEXURAL MEMBERS OF

BRIDGE STRUCTURES

Superstructure type Minimum thickness (mm)
Bridge deck slabs 100 + %
2
T-Girders ........ . 150 +7g
. £
Box-Girders . . . ... .. 150+,

For non-prismatic members, that is, members with variable depth

or width, the values given may be adjusted to account for change
in relative stiffness of positive and negative moment sections.

44.13

Computation of deflection

(a) One-way construction (non-prestressed):

1)

Computation of immediate deflection. Where
deflections are to be computed, the deflections
that occur immediately on application of serv-
vice load, in accordance with appropriate load-
ing code requirements, shall be computed by

30

(®)

@)

the usual methods or formulac for elastic
deflections considering effects of cracking and
reinforcement on member stiffuess.

Unless stiffness values are obtained by a
more comprehensive analysis, immediate deflec-
tion shall be computed with the modulus of
elasticity £, for concrete as specified in 3.3.4.1
(normal density or lightweight concrete) and
with the effective moment of inertia as follows,
but not greater than [/

M, * MY’
!e—_- ;1:{_ fg+ 1 — E{-— _[cr ...... (Eq 4‘4)

a a

where
Hi

My =& . (Bq4%)
Yt

and for normal density concrete
fr = 0'6 \4 fc

When lightweight aggregate concrete is used,
one of the following modifications shall apply:

(Eq. 4-6)

either, when f.; is specified and the concrete
mix is designed in accordance with NZS 3152,
Jy shall be modified by substituting 1.8 fop for
vV —fF’ but the value of 1.8 f,; shall not exceed

C!

or, when fi., is not specified, f, shall be multi-
plied by 0.75 for “all-lightweight” concrete,
and 0.85 for ‘“sand-lightweight” concrete.
Linear interpolation may be used when partial
sand replacement is used.

For continuous spans, the effective moment
of inertia may be taken as the average of the
values obtained from eq. 4-4 for the critical
positive and negative moment sections

Computation of long-time deflection. Unless
values are obtained by a more comprehensive
analysis, the additional long-time deflection for
flexural members (normal density and light-
weight concrete) shall be obtained by multi-
plying the immediate deflection caused by the
sustained load considered, computed in accor-
dance with (1) above, by a factor no less than

Kop=[2-12AUgA)] >06...... (Eq. 4-7)

Two-way construction (non-prestressed):

(1)

Computation of immediate deflection. Deflec-
tions shall be computed, taking into account
the size and shape of the panel, the conditions
of support and the nature of restraints at the
panel edges. For deflection computations, the
modulus of elasticity, £,, for concrete shall be
as specified in 3.3.4.1. The effective moment of
inertia shall be that given by eq. 44; other
values may be used if the computed deflection
is in reasonable agreement with the results of
comprehensive tests
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(2) Computation of long-time deflection. Addit-
ional long-time deflection shall be computed in
accordance with 4.4.1.3 (a) (2)

Prestressed concrete construction:

)

(©

Computation of immediate deflection. For
flexural members designed in accordance with
the provisions of Section 13, immediate deflec-
tion shall be computed by the usual methods or
formulae for elastic deflections, and the moment
of inertia of the gross concrete section may be
used for uncracked sections

(2) Computation of long-time deflection.  The
additional long-time deflection of prestressed
concrete members shall be computed taking
into account the stresses in the concrete and
the steel under the sustained load and including
the effects of creep and shrinkage of the con-
crete and relaxation of the steel

(@

Composite construction:
(1) Shored construction. If composite flexural
members are supported during construction so
that, after removal of temporary supports, the
dead load is resisted by the full composite sec-
tion, the composite member may be considered
equivalent to a monolithically cast member for
comptuation of deflection. Account shall be
taken of the curvatures resulting from differ-
ential shrinkage of precast and cast-in-place
components, and of the axial creep effectsin a
prestressed concrete member

(2) If the thickness of a non-prestressed composite
member meets the requirements of table 4.1,
deflection occurring after the member becomes
composite need not be computed, but the long-
time deflection of the precast member shall be
investigated for the magnitude and duration of
load prior to the beginning of effective compo-
site action.

4.4.1.4 Allowable deflection. The deflections com-
puted in accordance with 4.4.1.3 shall not exceed the
requirements of the appropriate general design code.

442 Cracking

4.4.2.1 General. Cracking of concrete under service
load shall be limited so that the appearance or durability of
the structure is not adversely affected, having regard to the
requirements of the particular structure,

The calculation of crack widths according to 4.4.2.2 and
4.4.2.3 shall be required only where any of the following
conditions apply:

(a)

The environment is aggressive

(b) The specified yield strength of the reinforcing steel
exceeds 275 MPa
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(c) The diameter of flexural reinforcement exceeds
32 mm

(d) The design of prestressed concrete members is not

based on limits on flexural tensile stresses but rather
on the provisions of 13.3.2.2.

4.4.2,2 Computation of crack widths. The calculated
maximum crack widths on the surface of members rein-
forced by deformed bars shall be taken as not less than

3 h
Wiax, =11 V1pA 5 fyx 10 Smm ...
1

The crack widths at the surface of prestressed concrete
members shall be calculated by suitable methods.

4.4.2.3 Allowable crack widths. The crack widths com-
puted in accordance with 4.4.2.2 shall not exceed the limits
specified in table 4.3.

For members incorporating a combination of significant
quantities of reinforcing and prestressing steel, the allow-
able crack widths shall be chosen from table 4.3 on the
basis of the location and proportion of the prestressing steel.
Where the prestressing tendons are not in the anticipated
cracked zone, or where principal deformed reinforcement is
located between any tendons and the tensile concrete sur-
face, the allowable crack widths for reinforced concrete
may be applied.

4.4.3 Vibration. Where there is a likelihood of a struc-
ture being subjected to vibration from causes such as wind
forces, machinery or traffic movements, measures shall be
taken to prevent discomfort or alarm to persons, damage to
the structure or interference with its proper function.

4.5 Other considerations
4.5.1 Fatigue

4.5.1.1 The effects of fatigue shall be considered where
the imposed load on a structure is frequently repetitive in
nature.

4.5.1.2 At sections where frequent stress reversals
occur, caused by live load plus impact at service load, the
range between the maximum and minimum stress in
straight reinforcement shall not exceed 150 MPa unless a
special study is made. For prestressed sections refer table
13.2.

4.5.1.3 In slabs subject to frequently repetitive loads,
the minimum diameter of any bends in the reinforcing steel
shall be increased above the values specified in 5.3.3 to 20
bar diameters,

4.5.2 Fire resistance. The provisions of NZS 1900:
Chapter 5, as they apply to fire resisting concrete con-
struction, shall be satisfied.



© The Crown in right of New Zealand, administered by the New Zealand Standards Executive. Access to this standard has been sponsored by the Ministry of Business, Inpovation, and Emplpyment under copyright license LN001498. You are not
permitted to reproduce or distribute any part of this standard without prior written permission from Standards New Zealand, on behalf of New Zealand Standards Executive, unless your actions are covered by Part 3 of the Copyright Act 1994.

NZS 3101 : Part 1 : 1982
Section 4 32

Table 43 ALLOWABLE SURFACE WIDTH OF CRACKS UNDER SERVICE LOAD

Load category

1 I )i v

Immediately after | Permanent loads Specified service Permanent loads
transfer before plus variable loads | loads for buildings |  plus infrequent

time dependent of long duration, where Load combinations of Type
Material losses or permanent loads | Category II does transient loads, of
plus frequently not apply for example, Ewiromment
repetitive loads, highway bridge
for example, overloads

highway bridge
normal loads

Reinforced
concrete — 0.4 mm 0.4 mm 0.5 mm

Internal
Prestressed
concrete 0.3 mm 0.2 mm 0.3 mm 0.4 mm
Reinforced
concrete o 0.3 mm 0.3 mm 0.4 mm

External
Prestressed
concrete 0.2 mm 0.1 mm 0.2 mm 0.3 mm
Reinforced
concrete — 0.2 mm 0.2 mm 0.3 mm

Aggressive

Prestressed
concrete Zero Zero 0.1 mm 0.2 mm
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S REINFORCEMENT — DETAILS, ANCHORAGE AND
DEVELOPMENT

5.1 Notation

area of an individual bar, mm?
gross area of section, mm?
area of flexural reinforcemeni provided, mm?

area of required flexural reinforcement, mm?

area of bar formed into spiral reinforcement, mm?
smaller of area of transverse reinforcement within a
spacing s crossing plane of splitting normal to con-
crete surface containing extreme tension fibres, or
total area of transverse reinforcement normal to the
layer of bars within a spacing s divided by n, mm?
it longitudinal bars are enclosed within spiral rein-
forcement, 4;, mm?*

area of shear reinforcement within a distance s, mm?

area of an individual wire to be developed or spliced,

mm?

web width, or diameter of circular section, mm
the smaller of ¢, or cg, mm

distance measured from extreme tension fibre to
centre of bar, mm

the smaller of the distance from the face of the con-
crete to the centre of bar measured along the line
through the layer of bars, or half the centre-to-centre
distance of bars in the layer, mm

For splices, cg shall be the smaller of the distance from
the concrete side face to the centre of the outside
bar, or one-half the clear spacing of bars spliced at the
same location plus a half bar diameter, mm

distance from extreme compression fibre to centroid
of tension reinforcement, mm

nominal diameter of bar, wire or prestressing strand,
or in a bundle, the diameter of a bar of equivalent
area, mm

diameter of bend measured to the inside of the bar,
mm

specified compressive strength of concrete, MPa
tensile stress developed by standard hook, MPa

calculated stress in prestressing steel at design load,
MPa

steel stress, MPa
effective stress in prestressing steel after losses, MPa

specified yield strength of non-prestressed reinforce-
ment, MPa

specified yield strength of transverse reinforcement,
MPa

overall thickness of member, mm

NZS 3101 : Part 1 : 1982

Section 5.

hp  beam depth, mm

h,  column depth parallel to the longitudinal beam bars
being considered, mm

kp  multiplier applied to the permitted beam bar sizes

through column joints in non-yielding beams

kpr an index of the transverse reinforcement provided
along the anchored bar, Ar,.fyt/IOS, expressed as mm

2, additional embedment length at support or at point
of inflection, mm

2p  distance from critical section to start of bend, mm
24  development length, mm
24p basic development length of a straight bar, mm

24y development length of hooked bars, equal to straight
embedment between critical section and point of
tangency of hook, plus bend radius, plus one bar
diameter, mm

2pp basic development length for a hooked bar, mm

ZMjp, sum of the moments at ideal strength in non-yielding
beams at opposite faces of the joint, summed in the
same vector sense, and related to the centre of the
intersecting column, Nmm

XM, sum of the moments at ideal strength in hinging
columns at opposite faces of the joint, summed in
the same vector sense, and related to the centre of the
intersect-beam, Nmm

M;  ideal flexural strength of section, Nmm

n number of bars in a layer

P in, minimum axial load on a column at its junction with
a beam in which plastic hinges form, V
s maximum spacing of transverse reinforcement within

24, or spacing of stirrups or ties or spacing of succes-
sive turns of a spiral, all measured centre-to-centre,
mm

sp  for a particular bar or group of bars in contact, the
centre-to-centre distance, measured perpendicular to
the plane of the bend, to the adjacent bar or group of
bars or, for a bar or group of bars adjacent to the face
of the member, the cover plus d},, mm

sy  spacing of wires to be developed or spliced, mm
V,, factored shear force at section, N

Bp ratio of area of reinforcement to be cut off to total
area of tension reinforcement at the section, includ-
ing those bars which are to be cut off.

5.2 Scope. Provisions of Section 5 shall apply to detail-
ing of reinforcement, including spacing and cover, and
design of anchorage, development and splices.
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5.3 General principles and requirements
5.3.1 Steel reinforcement

5.3.1.1 All reinforcement other than ties, stirrups,
spirals, welded wire fabricand wire strands and high strength
alloy steel bars for prestressing tendons shall be deformed
unless there is special reason for using plain bars.

5.3.1.2 Reinforcing bars shall conform to NZS 3402P,
unless special design provisions are made.

5.3.2 Hooks.
shall mean either:

The term “standard hook’ as used herein

(@) A semi-circular turn plus an extension of at least four
bar diameters but not less than 65 mm at the free end
of the bar; or

(b) A 90° turn plus an extension of at least 12 bar
diameters at the free end of the bar; or

(c) A 135° stirrup hook, which is defined as a 135° turn
around a longitudinal bar plus an extension of at least
8 stirrup bar diameters at the free end of the bar
embedded in the core concrete of the member.

5.3.3 Minimum bend diameter. The diameter of bend,
measured to the inside of the bar, shall not be less than the
appropriate value given in table 5.1 or the value given by
eq. 5-1 except that eq. 5-1 need not apply in the case
where two transverse bars are placed in contact with the
inside of the bend or where ) > 2 4/2. The transverse bars
shall have a diameter at least as great as that of the bent
bar.

Table 5.1 MINIMUM DIAMETERS OF BEND

Steel Bar dia. (mm) Minimumn dia.
grade of bend
628 Sdp
275
32-40 6dp
620 8dy,
380
24-40 10dp,

The diameter of bend measured to the inside of the bar
shall not be less than:

dp 2 fy
d;>dy (05+=)(1 - )% Eq. 5-1
>y 05+ D=0 a

5.3.4 Stirrup and tie bends

5.3.4.1 Inside diameter of bends of stirrups and ties
shall be equal to the diameter of the enclosed bar except
that it shall be not less than the values given in table 5.2.

Table 52 MINIMUM DIAMETERS OF BENDS FOR
STIRRUPS AND TIES
Bar Minimum diameter of bend
Steel dia. (mm) dj
grade
dy, Plain bars |Deformed bars
275 6-24 2dp 4dy,
380 6-20 4dy, 8dj,

where dpis the stirrup or tie bar diameter.

5.3.4.2 Inside diameter of bends in welded wire fabric,
plain or deformed, for stirrups and ties shall not be less
than four wire diameters for deformed wire larger than
7 mm and two wire diameters for all other wires. Bends
with inside diameter of less than eight wire diameters shall
not be less than four wire diameters from the nearest
welded intersection.

5.3.5 Spacing of reinforcement

5.3.5.1 The clear distance between parallel reinforcing
bars in a layer shall be not less than the nominal diameter
of the bars, nor 25 mm.

5.3.5.2 The nominal maximum size of the aggrepate
shall not be larger than three-fourths of the minimum clear
spacing between individual reinforcing bars or bundles or
pre-tensioning tendons or post-tensioning ducts.

Where parallel reinforcement is placed in two or more
layers in beams, the bars in the upper layers shall be placed
directly above those in the bottom layer with the clear dis-
tance between layers not less than 25 mm nor the nominal
diameter of the bars.

5.3.5.3 Groups of parallel reinforcing bars bundled in
contact, assumed to act as a unit, not more than four in any
one bundle, may be used only when the bundle is within
the perimeter of stirrups or ties. Bars larger than 35 mm
shall not be bundled in beams or girders of buildings. Indi-
vidual bars in a bundle cut off within the span of flexural
members shall terminate at different points with at least
40 bar diameters stagger. Where spacing limitation and
minimum clear cover are based on bar size, a unit of
bundled bars shall be treated as a single bar of a diameter
derived from the equivalent total area,

5.3.5.4 In walls and slabs other than concrete joist con-
structions, the principal reinforcement shall be spaced not
farther apart than three times the wall or slab thickness, nor
more than 450 mm, subject to the further restrictions for
bridge structures in 5.3.5.5. Minimum bar spacing in base-
ment walls shall comply with the provisions of 5.3.36.3.

5.3.5.5 In bridge decks or abutment walls the maximum
spacing between adjacent bars, in both directions, in the
outermost layer shall not exceed 300 mm. This requirement
may be relaxed to 450 mm when either:

(@) The adjacent concrete surfaces are not exposed to



direct sunlight and the bars parallel to the span of a
member are always in flexural compression; or

The adjacent concrete surfaces are not exposed to the
weather and the reinforcement is not stressed in ten-
sion by repetitive live loads.

5.3.5.6 In spirally reinforced and tied compression
embers, the clear distance between longitudinal bars shall
e not less than 1.5 dj, nor 40 mm.

eé?d by Part 3 of tbg}Copyright Act 1994.
e

cgy

5.3.5.7 The limit on clear distance between bars shall
so apply to the clear distance between a contact lap splice
and adjacent splices or bars.

c&)ns are

youg a

5.3.5.8 The clear distances between pre-tensioning
reinforcement at each end of the member shall be not less
than 4 dp, of individual wires nor 3 dj, of strands. Closer
vertical spacing and bundling of strands is permitted in the
middle portion of the spans, but the requirements of
5.3.5.2 shall be satisfied.

5.3.5.9 Ducts for post-tensioning steel may be bundled
if it can be shown that the concrete can be satisfactorily
placed and provision is made to prevent the steel, when
tensioned, from breaking through the duct.

5.3.6 Development of reinforcement - General. Calcu-
lated tension or compression in reinforcement at each
section of a reinforced concrete member shall be developed
on each side of that section by embedment length or end
nchorage or a combination thereof. Hooks may be used in
eveloping bars in tension,

on behalf of New Zealand Standards Executive, unless

[ WR ]

5.3.7 Development length of deformed bars and de-
formed wire in tension

5.3.7.1 The development length, 25, of deformed bars
in tension shall be computed as the product of the basic

mission from Standards New Zealand

P,

zgdevelopment length, &4, from 5.3.7.2 and the applicable
cmodification factor or factors in 5.3.7.3, but 2,4 shall not

rct;e

Ebe less than 300 mm.

5.3.7.2 The basic development length, 2;p, for Grade
275 reinforcement shall be computed as follows:

hout prior wi

N
s
~

The basic development length for any of the bars in a
layer where the cover to the bars is not less than
40 mm and the centre-to-centre spacing of such bars
is not less than 100 mm

24p = 24dp when dp <20 mm

and f, >20 MPa Eq. 5-2
7.64

Lap = Z22b when dp>20mm . . .. .. Eq. 5-3
\/fc :

and the contribution of transverse reinforcement as
in 5.3.7.3 (d) shall not be considered

(>3
~

When the limitations of 5.3.7.2 (a) are not satisfied
in beams and columns, and several bars not larger

© The Crown in right of New Zealand, administered by the New Zealand Standards Executive. Access to this standard has been sponsored by the Ministry of Business, Innovation, and Employment under copyright license LN001498. You are not
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than 40 mm diameter are used with a centre-to-centre
spacing of not less than 3 dj,

200d
Rap = == Eq. 5-4
Vi
or with a centre-to-centre spacing of bars not less
than 80 mm
L 400 « 11) Eq. 5-5
db T —— p— - q. -
Vie
(c) When the limitations of 5.3.7.2 (a) are not satisfied,

then the basic development length need not be
greater than

_ 3804,
cV fe
where ¢ shall not be taken larger than 3 dy,

2ap Eq.5-6

5.37.3 The basic development length shall be multi-
plied by the applicable factor or factors for:

(a) Reinforcement having yield strength other than
275MPa ... fyl275
(b) Top horizontal reinforcement where more than
300 mm of fresh concrete is cast in the member
belowthebar........................ 13
() Reinforcement in a flexural member (not subjected
to seismic loads nor required for temperature or
shrinkage in restrained members) in excess of that
required . ... ... L Agr/Asp
(d) Transverse reinforcement where at least three bars,

transverse to the bar being developed, and outside it,
are provided within £, the factors 1.0 or
c

cthke

may be used:

where k;, shall be taken not more than dp,

and 2gp is calculated by eq. 5-6, and ¢ and ¢ + ky,
shall each be taken as not more than 3dj,

Transverse reinforcement used for shear, flexure or
temperature may be included in A4,

5.3.8 Development length of plain bars and wire in
tension. The development length for plain bars

and wire shall be twice the calculated value of 2 for a de-
formed bar or wire but not less than 24 bar diameters.

5.3.9 Development length of deformed bars in compres-
sion

5.3.9.1 Development length 24 for deformed bars in
compression shall be computed as the product of the basic
development length of 5.3.9.2 and applicable modification
factors of 5.3.9.3, but 24 shall not be less than 200 mm.

5.3.9.2 Basic development length in compression shall

0.24 dpf,, VA
0.044 dp f,

be
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5.3.9.3 Basic development length in compression may
be multiplied by applicable factors for:

(@) Reinforcement in excess of that required by analysis
.............................. AgylAgp

(b) Reinforcement enclosed within spiral reinforcement
or rectangular ties provided that at least three sets of
ties or turns of spirals are present over £7 and

A_l‘r
S = W()O .......................

5.3.10 Development length of plain bars in compression.
The development length, 24, for plain bars in compression
shall be twice the calculated value for a deformed bar of the
same diameter.

5.3.11 Development of bundled bars. Development
length of individual bars within a bundle, in tension or com-
pression, shall be that for the individual bar, increased 20%
for a three-bar bundle, and 33% for a four-bar bundle.

5.3.12 Development of welded deformed wire fabric in
tension

5.3.12.1 Development length, 24, of welded deformed
wire fabric measured from point of critical section to end
of wire shall be computed as the product of the basic devel-
opment length of 5.3.12.2 or 5.3.12.3 and applicable mod-
ification factor or factors of 5.3.7.3, but 2; shall not be
less than 200 mm except in computing lap splices by
5.3.23.

5.3.12.2 Basic development length of welded deformed
wire fabric, with at least one cross wire within the develop-
ment length not less than 50 mm from point of critical
section, shall be

Rqp = 0.36dp (f, - 138) [/ fL . Eq. 57
but shall also satisfy
A
Rgp > 240 W—fy_ Eq. 5-8
swV fe

5.3.12.3 Basic development length of welded deformed
wire fabric, with no cross wires within the development
length as required by 5.3.12.2, shall be determined as for
deformed wire in tension.

5.3.13 Development of welded smooth wire fabric in

tension. The yield strength of smooth wires of

welded wire fabric shall be considered developed by embed-

ding at least two cross wires, with the closer one at least

50 mm from point of critical section. However, development

length 27 measured from point of critical section to outer-
most cross wire shall not be less than

3254y 1y
swV Te
multiplied by Ag./A, for reinforcement in excess of that

5
required by analysis, gut 24 shall not be less than 150 mm
except in computing lap splices by 5.3.22.

5.3.14 Development of prestressing strand

5.3.14.1 Three or seven-wire pre-tensioning strand shall
be bonded beyond the critical section for a development
length

0 > (fys - %fse)dbﬁ Eq. 59

5.3.14.2 Investigation may be limited to the cross-
sections nearest each end of the member that are required
to develop full design strength under specified factored
loads.

5.3.14.3 Where bonding of a strand does not exiend to
the end of a member, bonded development length specified
in 5.3.14.1 shall be doubled.

5.3.15 Standard hooks in tension

5.3.15.1 The development length £ 5 of a deformed bar
in tension terminating in a standard hook shall be com-
puted as the product of the basic development length 24,
from 5.3.152 and the applicable factor or factors in
5.3.15.3 but gy shall not be taken less than 8 dj, or
150 mm, whichever is greater.

5.3.15.2 The basic development length for Grade 275
hooked deformed bars shall be computed by:

66dy
VI

5.3.15.3 The basic development length shall be multi-
plied by the applicable factor or factors for:

Ly = Eq. 5-10

(a) Reinforcement having yield strength other than
275MPa ..o fy/275

(b) Confinement; for 32 mm bars or smaller with side
cover normal to the plane of the hooked bar not less
than 60 mm and cover on the tail extension of 90°
hooks not less than40mm . . ... .......... 0.7

For confinement by closed stirrups or hoops at a
maximum spacing of 6d} or less, where

(c) Reinforcement in flexural members (not subjected to
seismic loads nor required for temeprature or shrink-
age in restrained members) in excess of that required

.............................. AgrlAgp

5.3.15.4 Hooks shall not be considered effective in
developing reinforcement in compression.

5.3.16 Mechanical anchorage
5.3.16.1 Any mechanical device capable of developing
the design force in the reinforcement may be used as

anchorage.

5.3.16.2 Certified test results showing adequacy of such
mechanical devices shall be available to the Engineer.



5.3.17 Splices in reinforcement — General

5.3.17.1 Splices of reinforcement shall be made only as
required or permitted on the design drawings or in specifi-
cations, or as authorized by the Engineer. Except as pro-
vided herein, all welding shall conform to NZS 4702.

5.3.17.2 Grade 380 bars to NZS 3402P shall not be
welded except with the approval of the Engineer who shall
be satisfied prior to approval that the welding technique
and local control of conditions shall have been demon-

strated by tests to produce welds that have the required
S mechanical and metallurgical properties.

and Employment under copyright license LN001498. You are not
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5.3.17.3 Lap splices shall not be used for bars larger
than 35 mm,

5.3.17.4 Lap splices of bundled bars shall be based on
the lap splice length required for individual bars of the same
size as the bars spliced and such individual splices within
the bundle shall not overlap each other. The length of lap,
as prescribed in 5.3.18 or 5.3.20 shall be increased by 20%
for a three-bar bundle and 33% for a four-bar bundle.

5.3.17.5 Bars spliced by non-contact lap splices in flexu-
ral members shall not be spaced transversely farther apart
than one-fifth the required length of lap nor 150 mm.

5.3.17.6 Welded splices or mechanical connections satis-
fying the following conditions, may be used:

(@)

and, on behalf of New Zealand

A full strength welded splice is one in which the bars
are butt welded to develop in tension the breaking
strength of the bar

oy
~

A high strength welded splice is one in which the bars
are butt welded to develop in tension 1.6 f; or the
breaking strength of the bar, whichever is smaller

o
N

A mechanical connection is defined as a connection
which relies on mechanical interlock with the bar
deformations to develop the connection capacity. A
high strength mechanical connection shall develop in
tension or compression, as required, not less than
1.6 fy, or the breaking strength of the bar, which-
ever is smaller. When tested in tension or compres-
sion as appropriate, the change of length at a stress of
0.7 f,, in the bar, and measured over the full length
of the connection system shall be not more than
twice that of an equal length of unspliced bar

dard without prior written permission from Standards New Zeal
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=

Welded splices or mechanical connections not meet-
ing the requirements of 5.3.17.6 (b) or 5.3.17.6 (c)
may be used in regions of low computed stress in
conformance with 5.3.19.2.

5.3.18 Lap splices of bars and wire in tension

5.3.18.1 The minimum length for lap splices of bars in
ension shall be taken equal to the development length £
n 5.3.7 for deformed bars and equal to the development
ength in 5.3 8 for plain bars.

qr,distribute any part of this sta

Qduce

5.3.18.2 Bars spliced greater than 24/2 from another
£splice shall not be considered in the computation of ¢
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5.3.19  Welded splices or mechanical connections in

tension

5.3.19.1 Welded splices or mechanical connections shall
meet the requirements of 5.3.17.6 (b) or (c) or 5.3.19.2.

5.3.19.2 The requirements of 5.3.17.6 (b) and (c) may

be waived when splices satisfy all the following require-
ments:

(a)  Are staggered at least 600 mm

(b) Can develop at least twice the calculated force at the
section

(¢) Can develop not less than 0.7 £, based on the total
area of effective bars across the séction

(d) Satisfy the change of length requirements at 0.7 f.

of 5.3.17.6 (c) except that where the level of any
resulting premature cracking is not likely to affect
the performance of the structure, then the change of
length shall be not more than six times that of an
equal length of unspliced bar.

5.3.19.3 In computing the strength developed at each
section, spliced bars may be rated at the specified splice
strength.

5.3.19.4 Unspliced bars cut off near the section shall
be rated only at a fraction of f,,, defined by the ratio of the
development length provided t)o 24 required to develop fy.

5.3.20 Lap splices in compression

5.3.20.1 The minimum length of a lap splice in com-
pression shall be the development length in compression £,
in accordance with 5.3.9 and 5.3.10, but not less than
0.073 fydb forfy of 415 MPa or less, nor (0.l3fy —24)dy
for fy greater than 415 MPa, nor 300 mm. When the speci-
fied "concrete strength is less than 20 MPa the lap length
shall be increased by one-third,

5.3.202 In tied compression members where at least
three sets of ties are present over the length of the lap and

A
“tr > Ap
5 1000

or where transverse reinforcement as required by 6.5.4.3(c)
has been provided, 0.80 of the lap length specified in
5.3.20.1 may be used but the lap length shall be not less
than 300 mm.

5.3.20.3 In spirally reinforced compression members, if

at least three turns of spiral are present over the length of
the lap and

A A
“r5 b
s 600

0.80 of the lap length specified in 5.3.20.1 may be used,
but the lap length shall not be less than 300 mm.
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5.3.21 Welded splices or mechanical connections in
compression.  Welded splices or mechanical
connections used in compression shall meet the require-

ments of 5.3.19.

5.3.22 Splices of welded smooth wire fabric in tension

5.3.22.1 Lapped splices in regions where the area of
steel,ASp, provided at the splice is less than twice that
required by analysis shall be so made that the overlap meas-
ured between outermost cross wires of each fabric sheet is
not less than the spacing of cross wires plus SO mm, nor less
than 1.5 24 or 150 mm whichever is greater, where £, is
the development length for fy as given in 5.3.13.

5.3.22.2 Lapped splices in regions where the area of
steel,ASp, provided at the splice is at least twice that re-
quired by analysis, shall be so made that the overlap meas-
ured between outermost cross wires of each fabric sheet is
not less than 1.5 24 nor 50 mm where £ is the develop-
ment length for fy as given in 5.3.13.

5.3.23 Splices of welded deformed wire fabric in

tension. Lapped splices shall be so made that

the overlap measured between outermost cross wires of

each fabric sheet is not less than 50 mm. The overall lapped

splice length measured between the ends of each fabric

sheet shall be not less than 1.7 £ 7 nor 200 mm, where £ is
the development length as given in 5.3.12.1.

5.3.24 Development
General

of flexural reinforcement —

5.3.24.1 Tension reinforcement may be developed by
bending across the web to be anchored or made continuous
with reinforcement on the opposite face of member.

5.3.24.2 Critical sections for development of reinforce-
ment in flexural members are at points of maximum stress
and at points within the span where adjacent reinforcement
terminates, or is bent. Provisions of 5.3.25.3 must be satis-
fied.

5.3.24.3 Except at supports of simple spans and at the
free end of cantilevers, tension reinforcement shall extend
beyond the point at which, according to the appropriate
bending moment envelope, it is:

(a) Required at full strength for a distance equal to the
development length £ 7 plus the effective depth of the
member, and

(b) No longer required to resist flexure for a distance of
1.3 times the effective depth of the member.

5.3.24.4 Flexural reinforcement shall not be terminated
in a tension zone unless one of the following conditions is
satisfied:

(a) Shear at the cut-off point does not exceed two-thirds
that permitted, including shear strength of shear
reinforcement provided; or

(b) Stirrup area in excess of that required for shear and
torsion is provided along each terminated bar or wire
over a distance from the termination point equal to
three-fourths the effective depth of member. Excess
stirrup area A, shall not be less than 0.4by,s/f.
Spacing sshall not exceed d/8f; or

(¢) For 35 mm bar and smaller, continuing reinforcement
provides double the area required for flexure at the
cut-off point and shear does not exceed three-fourths
that permitted.

5.3.24.5 Adequate end anchorage shall be provided for
tension reinforcement in flexural members where reinforce-
ment stress is not directly proportional to moment, such as:
sloped, stepped, or tapered footings; brackets, deep flexural
members; or members in which tension reinforcement is
not parallel to compression face.

5.3.25 Development of positive moment reinforcement

5.3.25.1 At least one-third the positive moment rein-
forcement in simple members and one-fourth the positive
moment reinforcement in continuous members shall extend
along the same face of member into the support. In beams,
such reinforcement shall extend into the support at least
150 mm.

5.3.25.2 When a flexural member is part of a primary
lateral load resisting system, positive moment reinforce-
ment required to be extended into the support by 5.3.25.1
shall be anchored to develop the specified yield strength fy
in tension at the face of support.

5.3.25.3 The positive tension reinforcement at simple
supports and both the positive and negative tension rein-
forcement at points of inflection shall be limited to a dia-
meter such that 25 computed for fy by 5.3.7 satisfies the
following

M;

u

Eq.5-11

where £, at a support shall be the sum of the embedment
length beyond the centre of support and the equivalent
embedment length of any hook or mechanical anchorage
provided.

2, at a point of inflection shall be limited to the effective
depth of member or 12 dp, whichever is greater.

Value of M;/V,, may be increased 30% when the ends of
reinforcement are confined by a compressive reaction.

5.3.26 Development of negative moment reinforcement

5.3.26.1 Negative moment reinforcement in a contin-
uous, restrained or cantilever member, or in any member of
a rigid frame, shall be anchored in or through the support-
ing member by embedment length, hooks or mechanical
anchorage.

5.3.26.2 Negative moment reinforcement shall have an
embedment length into the span as required by 5.3.6 and
5.3.24.3.
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5.3.26.3 At least one-third the total tension reinforce-
ment provided for negative moment at a support shall have
an embedment length beyond the point of inflection, accor-
ding to the appropriate bending moment envelope, for a
distance of not less than 1.3 times the effective depth of
the member,

5.3.27 Special details for columns and piers

5.3.27.1 Where longitudinal bars are offset, the slope of
the inclined portion of the bar with the axis of the column
shall not exceed 1 in 6, and the portions of the bar above
and below the offset shall be parallel to the axis of the
column. Adequate horizontal support at the offset bends
shall be treated as a matter of design, and shall be pro-
vided by ties, spirals or parts of the floor construction. Ties
or spirals so designed shall be placed not more than
150 mm from the point of bend. The horizontal thrust to
be resisted shall be assumed as one and one-half times the
horizontal component of the nominal force in the inclined
portion of the bar, assumed to be stressed to fy.

5.3.27.2 Where column faces are offset 75 mm or more,
splices of vertical bars adjacent to the offset face shall be
made by separate dowels lapped as required herein.

5.3.27.3 Where the design load stress in the longitudinal
bars in a column calculated for any loading condition ex-
ceeds 0.5 fy in tension, lap splices designed for full yield
stress in teénsion, or high strength welded splices or high
strength mechanical connections in accordance with
5.3.17.6 (b) and (c) shall be used.

5.3.27.4 Steel cores in composite columns shall be
accurately finished to bear at end bearing splices, and
positive provision shall be made for alignment of one core
above another. Bearing shall be considered effective to
transfer S0% of the total compressive stress in the steel
core. At the column base, provision shall be made to trans-
fer the load to the footing, in accordance with 12.3.7.

The base of the metal section shall be designed to trans-
fer the load from the entire composite column to the foot-
ing, or it may be designed to transfer the load from the
metal section only, provided it is so placed as to leave
ample section of concrete for the transfer of load from the
reinforced concrete section of the column by means of
bond on the vertical reinforcement and by direct compres-
sion of the concrete.

The steel core shall comply with NZS 3404,

5.3.28 Connections. At connections of principal fram-
ing elements such as beams and columns, enclosure shall be
provided for splices of continuing reinforcement and for
end anchorage of reinforcement terminating in such con-
nections. Such enclosure may consist of external concrete
or internal closed ties, spirals or stirrups. Joints shall be
subject to rational analysis in accordance with Section 9.

5.3.29 Spiral or circular hoop reinforcement for
columns and piers

5.3.29.1 Spiral or circular hoop reinforcement shall be
of such size and so assembled to permit handling and plac-
ing without distortion from designed dimensions.

NZS 3101 : Part 1 : 1982
Section 5

5.3.29.2 For cast-in-place construction, size of spiral or
circular hoop bar shall not be less than 6 mm diameter.

5.3.29.3 Anchorage of a spiral bar at the termination of
the length of spiral shall be provided by an extra one-half
turn of spiral bar plus either a 135° stirrup hook or welding
the spiral bar on to the previous turn to develop in tension
1.6 fy or the breaking strength of the bar, whichever is
smaller,

5.3.29.4 Spiral or circular hoop bar shall not be lap
spliced.

5.3.29.5 Ends of circular hoop bar, or spiral bar within
the length of the spiral, shall either be welded to develop

the breaking strength of the bar, or anchorage may be pro-
vided by at least a 135° stirrup hook.

5.3.29.6 Spacing and arrangement of spiral or circular
hoop reinforcement are covered in 5.4.1 and 5.5 4.

5.3.30 Rectangular hoop and tie reinforcement for
columns and piers

5.3.30.1 Rectangular hoop or tie reinforcement shall be
at least 6 mm in diameter for longitudinal bars less than
20 mm in diameter, 10 mm in diameter for longitudinal
bars from 20 to 32 mm in diameter and 12 mm in diameter
for longitudinal bars 36 mm in diameter or larger and for
bundled longitudinal bars.

5.3.30.2 Rectangular hoop or tie reinforcement shall
enclose all longitudinal bars.

5.3.30.3 Spacing, arrangement and anchorage of rec-
tangular hoop and tie reinforcement are covered by 5.4.2
and 5.5.5.

5.3.31 Stirrup and tie reinforcement in beams

5.3.31.1 Stirrup or tie reinforcement shall satisfy the
size limitations in 5.3.30.1.

5.3.31.2 Stirrup or tie reinforcement shall enclosed the
longitudinal compression reinforcement in beams.

5.3.31.3 Spacing, arrangement and anchorage of rectan-
gular stirrup and tie reinforcement in flexural members are
covered by 5.4.3,5.5.6 and 7.3.5.

5.3.32 Shrinkage and temperature reinforcement

5.3.32.1 Reinforcement for shrinkage and temperature
stresses normal to the principal reinforcement shall be pro-
vided in structural floor and roof slabs where the principal
reinforcement extends in one direction only. At all sections
where it is required, such reinforcement shall be developed
for its specified yield strength in conformance with 5.3.6
or 5.3.18. Such reinforcement shall provide at least the
following ratios of reinforcement area to gross concrete
area, but not less than 0.0014 and in no case shall such
reinforcement be placed farther apart than five times the
slab thickness nor more than 450 mm in buildings, nor
300 mm in bridges.
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Slabs where Grade 275 deformed bars are used . . . 0.0020
Slabs where Grade 380 bars or welded wire fabric
deformed or plain,areused . ............ 0.0018
Slabs where reinforcement with yield strength
exceeding 380 MPa measured at a yield strain
of 0.35%isused . ................ 0.0018 x 380
Ty

5.3.32.2 In a large member whose size is not governed
by stress considerations, or where exact analysis is imprac-
tical, minimum reinforcement on all surfaces should be
1000 mm? per metre width in each direction, with bars no
not farther apart than 300 mm.

5.3.33 Concrete protection for reinforcement

5.3.33.1 The following minimum concrete cover shall
be provided for reinforcing bars, prestressing tendons, or
ducts. For bar bundles, the minimum cover shall equal the
equivalent diameter of the bundle but need not be more

than 50 mm or the tabulated minimum, whichever is greater:

(a)  Gast-in-place concrete Minimum
cover, mm
Cast against and permanently exposed
toearth . ....... .. ... .. ... .. ... 75
Exposed to earth or weather:
Slabs, walls, ribs:
24 mmbarsand larger .. ... ... ...... 45
20 mm bars or wire, and smaller . ... ... 35
Beams and columns:
Principal longitudinal reinforcement . . . . . 50
Ties, stirrups and spirals . . . . ... ...... 40
Shells and folded plate members:
24 mmbarsand larger . ... ... ... .. .. 45
20 mmbars and smaller . .. ... .. ... .. 35
Not exposed to weather or in contact
with the ground:
Slabs, walls, ribs:
40 mmand larger ... ... . ... ... ... . 40
24 mm through 32mm .. ... ..... .. 30
20 mm bars or wire, and smaller .. ... .. 20
Beams and columns:
Principal longitudinal reinforcement . . . . . 40
Ties, stirrups and spirals . .. ... ....... 25
Shells and folded plate members:
20 mm bars and larger . ... ... ....... 20
16 mm bars or wire, and smaller .. ... .. 15
(b)  Precast concrete (manufactured under
plant control conditions) Minimum
cover, mm

Exposed to earth or weather:
Slabs, walls, ribs:
24 mm through 40 mm bars 40

20 mm bars or wire, and smaller .. ... .. 30
Beams and columns:
Principal longitudinal reinforcement . . . . . .. 40
Ties, stirrupsand spirals . . . .. .. .. .. .. .. 30
Shells and folded plate members . ... ... .. 30
Not exposed to weather or in contact
with the ground:
Slabs, walls, ribs:
40 mm and largerbars . ... ... ... .. .. 35
24 mm through 32 mm ............. 25
20 mm bars or wire, and smaller . ... ... 15

40

Beams and columns:
Principal reinforcement:

16 mm and larger bars .. .. ... ....... 35

12 mm and smaller bars . . ... ........ 30
Ties, stirrups, and spirals:

16 mmand larger bars .. ............ 20

12 mm and smallerbars . .. .......... 15

Shells and folded plate members:
Reinforcement 16 mm and smaller . . . . .. 15
Other reinforcement

5.3.33.2 Covers specified in 5.3.33.1 apply to pre-
stressed members, subject to the following provisions:
(a) Forwalls,slabsand ribs exposed to earth and weather,
the cover over prestressing tendons and ducts may be
reduced by 5 mm
(b) In pre-tensioned prestressed concrete members the
cover adjacent to the anchorage length shall not be
less than 3 diameters of the respective tendons except
in the case of prestressed flat slabs where it may be
reduced to 2.5 diameters
(¢) Covers specified in 5.3.33.1 apply to prestressed
members with stresses less than or equal to the limits
of 13.4.1.1 (a). When tensile stresses exceed this
value for members exposed to weather, earth or
aggressive environment, cover shall be increased 50%.

5.3.33.3 In conditions of aggressive environment,
particular attention shall be given to providing a resistant,
dense concrete and, where appropriate, the covers specified
in 5.3.33.1 shall be increased or special surface protection
shall be provided.

5.3.34 Protection of exposed reinforcing bars and

fittings. Exposed reinforcing bars, inserts and

plates intended for bonding with future extensions shall be
protected from corrosion,

5.3.35 Covers required for fire protection. When NZS
1900 : Chapter 5 requires a fire-protection covering greater
than the concrete protection specified in 5.3.33, such
greater thickness shall be used.

5.3.36 Wall reinforcement

5.3.36.1 All concrete walls shall have reinforcement
placed in two directions at an angle of approximately 90°
which shall be continuous at all angles and through all
intersections. However, bars shall not be bent round re-
entrant angles unless special provisions are made for positive
resistance of bursting forces at bends of bars.

5.3.36.2 The area of horizontal reinforcement of rein-
forced concrete walls shall be not less than 0.0025 and that
of the vertical reinforcement not less than 0.0015 times the
area of the wall. These values may be reduced to 0.0020
and 0.0012 respectively, if the reinforcement is not larger
than 16 mm in diameter and consists of either welded wire
fabric or deformed bars with a specified yield strength of
380 MPa or greater.
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5.3.36.3 Basement walls more than 250 mm thick and
other walls more than 200 mm thick shall have the rein-
forcement for each direction placed in two layers parallel
with the faces of the wall. One layer consisting of not less
than one-half and not more than two-thirds the total re-
quired shall be placed not less than 50 mm nor more than
one-third the thickness of the wall from the exterior sur-
face. The other layer, comprising the balance of the required
reinforcement shall be placed not less than 20 mm and not
more than one-third the thickness of the wall from the
interjor surface. Bars, if used, shall not be less than 10 mm
bars, nor shall they be spaced more than 2% times the
thickness of the wall or 450 mm on centres, whichever is
least. Welded wire fabric reinforcement for walls shall be in
flat sheet form.

5.3.36.4 In addition to the minimum as prescribed in
5.3.36.2 there shall be not less than 2 sq mm of Grade 275
bar, or its equivalent, per mm of wall thickness around all
window or door openings. Such bars shall extend at least
600 mm beyond the corners of the openings.

5.4 Principles and requirements additional to 5.3 for
members not designed for seismic loading

5.4.1 Spiral or circular hoop reinforcement for columns
and piers

5.4.1.1 Volumetric ratio and limits of spacing of spirals
or circular hoops in members shall conform to 6.4.7.1.

54.1.2 Spiral or circular hoop reinforcement shall
extend from top of footing or slab in any storey to level of
lowest horizontal reinforcement in members supported
above.

5.4.1.3 Where beams or brackets do not frame into all
sides of a column, ties shall extend above termination of
spirals or circular hoops to bottom of slab or drop panel.

54.1.4 In columns with capitals, spirals or circular
hoops shall extend to a level at which the diameter or width
of capital is two times that of the column.

5.4.1.5 Transverse reinforcement in composite columns
shall be in accordance with 6.4.12.7.

5.42 Rectangular hoop and tie reinforcement for
columns and piers

5.4.2.1 Spacing and arrangement of tie reinforcement in
members shall conform to 6.4.7.2.

5.4.2.2 Tie reinforcement shall be anchored by at least
a 135° stirrup hook.

5.4 2.3 Tie reinforcement shall be located vertically not
more than one-half a tie spacing above the top of the foot-
ing or slab in any storey, and shall be spaced as provided
herein to not more than one-half a tie spacing below the
lowest horizontal reinforcement in members supported
above.
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5.4.2.4 Where beams or brackets frame into all sides of

a column, ties may be terminated not more than 75 mm
below the lowest reinforcement in such beams or brackets.

54.2.5 Welded wire fabric of equivalent area may be
used.

5.4.2.6 Transverse reinforcement in composite columns
shall be in accordance with 6.4.12.8.

5.4.3 Stirrup and tie reinforcement in beams

5.4.3.1 Spacing and arrangement of stirrup or tie rein-
forcement shall conform to 6.4.4.

5.4.3.2 Stirrup and tie reinforcement shall be anchored
by at least a 90" bend around a longitudinal bar plus an
extension beyond the bend of at least 8 stirrup or tie bar
diameters, A 135° stirrup hook shall be used rather than a
90° bend where thereis a possibility of cover concrete being
lost at the strength ofthe member due to flexure or torsion.

5.4.3.3 Transverse reinforcement in regions of members
subject to significant flexural or torsional stresses shall con-
sist of closed stirrups or closed ties extending around the
longitudinal reinforcement. Closed stirrups or closed ties
may be formed in one piece by overlapping standard
stirrup or tie end hooks around a longitudinal bar, or
formed in one or two pieces lap spliced or with welded
splices conforming to NZS 4702 which can develop in ten-
sion the breaking strength of the bar, or 1.6 fy, whichever
is smaller.

5.4.3.4 Welded wire fabric of equivalent area may be
used,

5.5 Principles and requirements additional to 5.3 for
members designed for seismic loading

5.5.1 Splices in reinforcement
5.5.1.1 Welded splices meeting the requirements of

5.3.17.6 (a) may be used in any location. For all other
splices the following restrictions apply:

(@) No portion of any splice shall be located within the
beam/column joint region, or within twice the effec-
tive member depth from the critical section of a
potential plastic hinge in a beam

(o) In a column the centre of the splice must be within

the middle quarter of the storey height of the column
unless it can be shown that plastic hinges cannot
develop in the column ajdacent to the beam faces.

5.5.1.2 Tensile reinforcement in beams or columns shall
not be spliced by lapping in a region of tension or reversing
stress unless the region is confined by stirrup-ties so that

A 8d
0
s fyt
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5.5.1.3 Welded splices or other mechanical connections
complying with 5.3.17.6 (b) and 5.3.17.6 (c) respectively
may be used. Mechanical splices shall be tested through
eight full cycles of loading to a maximum stress of 0.95 f;
in the bar, and at maximum load in both tension and com-
pression shall show a change of length, measured over the
full length of the connection system, not more than 10% in
excess of the extension in an equal length of unspliced bar.
Splices not satisfying this stiffness requirement may be used
only if they are staggered so that no more than two-thirds
of the reinforcement area is spliced within any 900 mm
length.

5.5.2 Development of flexural reinforcement

5.5.2.1 The distribution and curtailment of the longi-
tudinal flexural reinforcement shall be such that the flexural
overstrength of a section can be attained at critical sections
in potential plastic hinge regions.

5.5.2.2 When longitudinal beam bars are anchored in
column cores or beam stubs, the anchorage shall be deemed
to commence at one-half of the relevant depth of the
column or 10dp, whichever is less, from the face at which
the beam bar enters the column. Where it can be shown
that the critical section of the hinge is at a distance of at
least the beam depth or 500 mm, whichever is less, from
the column face, the development length may be consid-
ered to commence at the column face of entry.

5.52.3 For the development length the reduction
provision of 5.3.7.3 (c) and 5.3.15.3 (c) of Asr/Asp shall
not apply.

5.5.2.4 Notwithstanding the adequacy of the anchorage
of a beam bar in a column core or a beam stub, no bar shall
be terminated without a vertical 90° standard hook or
equivalent anchorage device as near as practically possible,
to the far side of the column core, or the end of the beam
stub where appropriate, and not closer than three-quarters
of the relevant depth of the column to the face of entry.
Beam bars that are intended to be terminated at an interior
column shall be passed right through the core of the
column and terminated with a standard hook immediately
outside the far side of the ties round the perimeter of the
core. Top beam bars may only be bent down and bottom
bars must be bent up.

5.5.2.5 The diameter of longitudinal beam bars passing
through interior joints shall comply with requirement (a)
below. It shall also comply with one of the following re-
quirements (b), (c), (d) and (e):

(a) The diameter of bars in that part of the slab specified
in 6.5.3.2 (e) shall not exceed —;th of the slab thick-
ness unless it can be shown that they can never be
subjected to compression

(b) Where beams frame into opposite sides of a column

the maximum diameter of the longitudinal beam bars
shall not exceed - th of the column depth h, for
Grade 275 steel nor ji-th of the column depth h,
for Grade 380 steel
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(c)  Where the axial compressive load, Py, is greater than
04 fc'.A , the ratio of the maximum diameter of the
longitudslrnal beam bar to the column depth parallel
to the bar shall satisfy the following equations:

For Grade 275 steel —

d T P

Ao <k 1y B 04) | Eq. 5-12
he | Agfc

For Grade 380 steel —
d P

2—‘5>h—b<% 1+2(;’;‘;—o‘4)] ...... Eq.5-13
c | gc

(d) When it can be shown that the critjcal section of a
plastic hinge resulting from inelastic seismic displace-
ments is at a distance from the column face of at least
the depth of the beam, or 500 mm, whichever s less,
bar diameters up to ij‘o'th of the relevant column
depth of Grade 275 steel, and -%-th of the relevant
column depth for Grade 380 steel respectively, may
be used

(e) In beams of structures in which storey sway mechan-
isms are intended, in accordance with 3.5.6.11, the
maximum size of beam bars passing through beam-
column joints as given by 5.5.2.5 (b) and (c) may be
multiplied by kj, where
kp =2—ZM,/ZMp> 1 Eq. 5-14

5.5.2.6 Where beam bars at exterior columns are termi-
nated in beam stubs, reinforcement within the stub shall be
provided where necessary to ensure that the bar strength
can be developed also in compression and that bursting of
the concrete at bends of the beam bars or anchorage
devices, is prevented.

5.5.2.7 Where anchorageis to be provided to the require-
ments of 5.5.2.2, the basic development £y, of a deformed
bar terminating in a standard hook and determined from
5.3.15.2 and 5.3.15.3, may be reduced by 20% provided
that two transverse bars are placed in contact with the
inside of the bend, having a diameter at least as great as that
of the bent bar.

5.5.3 Development of cclumn reinforcement

5.5.3.1 When columns terminate in beam to column
joints or joints between columns and foundation members,
the anchorage of the longitudinal column bars into the joint
region shall be assumed to commence at one-half of the
depth of the beam or 10dp, whichever is less, from the face
at which the column bar enters the beam or foundation
member. When it is shown that a column hinge adjacent to
the beam face cannot occur, the development length may
be considered to commence from the beam face of entry.

5.5.3.2 Notwithstanding the adequacy of the anchorage
of a column bar into an intersecting beam, no column bar
shall be terminated in a joint area without a horizontal 90°
standard hook or equivalent anchorage device as near the
far face of the beam as practically possible, and not closer
than three-quarters of the depth of the beam to the face of
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entry. The direction of the horizontal leg of the bend must
always be towards the far face of the column, except in
footings.

5.5.3.3 When columns are designed to develop plastic
hinges in the end regions, the maximum diameter of
column bars passing through the beams shall be not greater
than Zl—th of the beam depth for Grade 275 steel,and %th
of the%eam depth for Grade 380 steel.

5.5.3.4 When columns are not intended to develop
plastic hinges the maximum diameter of longitudinal
column bars at any level shall be %th of the depth, hy,, of
the deepest beam framing into the column at that level, for
Grade 275 steel and 21—0th of the depth hj of any beam
framing into the column at that level for Grade 380 steel.
This requirement need not be met if it is shown that
stresses in extreme column bars during an earthquake
remain in tension or compression over the whole bar length
contained within the joint.

5.5.3.5 Longitudinal column bars extending through the
joint must be extended straight through joints of the type
covered by 5.5.3.3. Where longitudinal column bars in com-
pression members at joints of the type covered by 5.5.3.4
are offset, the slope of the inclined bars with the axis of the
compression member shall not exceed 1 in 6, and horizon-
tal ties at the bend in addition to those otherwise required
by 9.5.4 shall be provided to carry 1.5 times the horizontal
thrust developed by the column bars at yield stress.

5.5.4 Spiral or circular hoop reinforcement for columns
and piers

5.5.4.1 Volumetric ratio and limits on spacing of spirals
or circular hoops in members shall conform to 6.5.4.3 (a),
(¢) and (d) and in beam-column connections to 9.5.4.3 and
9.5.6.
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5.5.5 Rectangular hoop and tie reinforcement for
columns and piers

5.5.5.1 Area and limits on spacing and arrangement of
rectangular hoops with or without supplementary cross-
ties in members shall conform to 6.5.4.3 (b), (c) and (d)
and in beam-column joints to 9.5.4.3 and 9.5 6.

5.5.5.2 Diameter of supplementary cross-ties shall not
be less than the diameter of the peripheral hoop.

5.5.5.3 In the portion of a column or pier defined by
6.5.4.3 (d) (2), hoop reinforcement shall be anchored by
at least a 135" stirrup hook. Alternatively the ends of the
hoop bar shall be welded to develop the breaking strength
of the bar or 1.6 fy, whichever is smaller. Each end of a
supplementary cross-tie shall engage a longitudinal bar with
at least a 135° stirrup hook.

5.5.5.4 In the portions of a column of pier defined by
6.5.4.3 (b), (c) and (d) (1), anchorage of hoop reinforce-
ment and cross-ties shall be as in 5.5.5.3. Where the ends
of the hoop bar are welded, the weld shall develop the
breaking strength of the bar.

5.5.6 Stirrup and tie reinforcement in beams

5.5.6.1 Limits on spacing and arrangement of stirrups in
members conform to 6.4.4, and limits on spacing and
arrangement of stirrup-ties in members shall conform to
6.5.3.3.

5.5.6.2 Stirrups shall be anchored by at least a 135°
stirrup hook. Alternatively, the ends of the stirrup shall be
spliced by welding to develop the breaking strength of the
bar or 1.6fy, whichever is smaller.

5.5.6.3 Stirrup-ties shall be anchored as in 5.5.6.2.
Where the ends of the stirrup-tie are welded, the weld shall
develop the breaking strength of the bar.
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6 FLEXURE WITH OR WITHOUT AXIAL LOAD
6.1 Notation

a depth of equivalent rectangular stress block as
defined in 6.3.1.7, mm

2A}p sum of areas of longitudinal bars, mm?

A, area of concrete core of section measured to out-
side of peripheral spiral or hoop, mm?

Ag gross area of section, mm?

Ag  area of non-prestressed tension reinforcement, mm?

A% area of non-prestressed compression reinforcement,
mm?

Agp total effective area of hoop bars and supplementary
cross ties in direction under consideration within
spacing s, mm?

Agy total area of longitudinal reinforcement, (bars or steel
shapes), mm?

A; area of structural steel shape, pipe, or tubing in a
composite section, mm?

Ay, area of one leg of stirrup-tie, mm?

Ay loaded area, mm?

A, maximum area of the portion of the supporting sur-
face that is geometrically similar to, and concentric
with, the loaded area, mm?

b width of compression face of member, mm

b,  width of column section, mm

b,, width of web, mm

c distance from extreme compression fibre to neutral

axis, mm

Gy, a factor relating actual moment diagram to an equi-
valent uniform moment diagram

d distance from extreme compression fibre to centroid
of tension reinforcement, mm

D deadload as defined by NZS 4203

£ earthquake load as defined by NZS 4203

E, modulus of elasticity of concrete, MPa. See 3.3.4.1

Eg  modulus of elasticity of reinforcement, MPa. See
3342

£l flexural stiffness of a member. See equations 6—8 and

6—9 for columns and piers
fé  specified compressive strength of concrete, MPa

fy specified yield strength of non-prestressed reinforce-
ment, MPa

fyh specified yield strength of spiral, hoop or supple-
mentary cross tie reinforcement, MPa

fyt specified yield strength of stirrup-tie reinforcement,

MPa
h overall depth of member, mm
dimension of concrete core of section measured per-
pendicular to the direction of the hoop bars to
outside of peripheral hoop, mm
Ig moment of inertia of gross concrete section about
centroidal axis, neglecting reinforcement, mm*
moment of inertia of reinforcement about centroidal
axis of member cross-section, mm*
1 moment of inertia of structural steel shape, pipe or
tubing about centroidal axis of composite member
cross-section, mm?*

k effective length factor for a column or pier

%,  clear length of member measured from face of sup-
ports, mm

%, unsupported length of a column or pier, mm

reduced live load as defined by NZS 4203
moment to be used for design of a column or pier
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M, design moment for a member

M, value of smaller design end moment on a column or
pier calculated by conventional elastic frame analysis,
positive if member is bent in single curvature, nega-
tive if bent in double curvature

M, value of larger design end moment on a column or
pier calculated by conventional elastic frame analysis,
always positive

P, critical load. See eq. 6—7

Pe  design axial load in compression at given eccentricity
due to gravity and seismic loading acting on the mem-
ber during an earthquake

P,  ideal axial load compressive strength when the load is
applied with zero eccentricity

Py, design axial load at given eccentricity

r radius of gyration of cross-section of a column or
pier, mm

s centre-to-centre spacing of stirrup-ties along member,
mm

83 centre-to-centre spacing of hoop sets, mm

U  design load

ratio of maximum design dead load moment to
maximum design total load moment, always positive
By  factor defined in 6.3.1.7

6 moment magnification factor. See 6.4.11.5 and
6.4.11.6.

p ratio of non-prestressed tension reinforcement
T Ag/bd

Pp  reinforcement ratio producing balanced strain con-

ditions in a beam or slab. See 6.4.1.2
U . . N
o} ratio of non-prestressed compression reinforcement
- r
= A'g/bd
P max., P min, Maximum and minimum values of the ratio

of non-prestressed tension reinforcement
computed using width of web

Ps  ratio of volume of spiral or circular hoop reinforce-
ment to total volume of concrete core (out-to-out
of spirals or hoops)

¢ strength reduction factor. See 4.3.1 and 4.3.2.

6.2 Scope

6.2.1 Provisions of section 6 shall apply to design of
members for flexure with or without axial loads. Members
subject primarily to flexure shall be designed as beams or
slabs, Members subject primarily to axial load and flexure
shall be designed as columns or piers.

6.3 General principles and requirements

6.3.1 General design assump tions

6.3.1.1 Strength design of members for flexure with or
without axial loads shall be based on assumptions given in
6.3.1.2 to 6.3.1.7, and on satisfaction of applicable con-
ditions of equilibrium and compatibility of strains.

6.3.1.2 Strain in reinforcement and concrete shall be
assumed directly proportional to the distance from the
neutral axis, except, for deep beams with overall depth to
clear span ratios greater than 2/5 for continuous spans and
4/5 for simple spans, a non-linear distribution of strain shall
be considered (see 6.3.3).
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6.3.1.3 Maximum usable strain at extreme concrete
compression fibre shall be assumed equal to 0.003.

6.3.1.4 Stress in reinforcement below specified yield
strength fy for grade of reinforcement used shall be taken
as [g times steel strain. For strains greater than that corres-
ponding to fi,, stress in reinforcement shall be considered
independent of strain and equal to fy.

6.3.1.5 Tensile strength of concrete shall be neglected in
flexural calculations of reinforced concrete, except when
meeting requirements of table 13.1.

6.3.1.6 Relationship between concrete compressive
stress distribution and concrete strain may be assumed to
be rectangular, trapezoidal, parabolic, or any other shape
that results in prediction of strength in substantial agree-
ment with results of comprehensive tests.

6.3.1.7 Requirements of 6.3.1.6 may be considered
satisfied by an equivalent rectangular concrete stress dis-
tribution defined by the following:
(a) Concrete stress of 0.85 f'c shall be assumed uniformly
distributed over an equivalent compression zone
bounded by edges of the cross-section and a straight
line located parallel to the neutral axis at a distance
a = Pyc from the fibre of maximum compressive
strain.

Distance ¢ from fibre of maximum strain to the
neutral axis shall be measured in a direction perpen-
dicular to that axis.

(®)

Factor f3; shall be taken as 0.85 for concrete
strengths f’c up to and including 30 MPa. For
strengths above 30 MPa, 3; shall be reduced continu-
ously at the rate of 0.04 for each 5 MPa of strength in
excess of 30 MPa, but f; shall be not taken as less
than 0.65.

(©)

6.3.2 Distribution of flexural reinforcement in beams
and slabs

6.3.2.1 This clause prescribes rules for distribution of
flexural reinforcement to control flexural cracking in
beams and slabs.

6.3.2.2 In two-way slabs the distribution of flexural
reinforcement shall be as required by section 11.

6.3.2.3 In beams and one-way slabs the flexural tension
reinforcement shall be well distributed within maximum
flexural tension zones of a member cross-section. When
required by 4.4.2.1 the crack widths at sections of maxi-
mum positive and negative moment at the service load shall
be calculated and shall not exceed the limits specified in
44.22and4.423.

6.3.2.4 Where flanges of T-beam construction are in
tension, part of the flexural tension reinforcement may be
distributed over an effective flanpe width as defined in
3.3.6.2, or a width equal to 1/10 the span, whichever is
smaller.

NZS 3101 : Part 1 : 1982
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6.3.2.5 If the overall depth of a beam exceeds 1 m,
longitudinal reinforcement having a total area equal to at
least 10% of. the area of the flexural tension reinforcement
shall be placed near the side faces of the web and distribu-
ted in the zone of flexural tension with a vertical spacing
not more than the web width, nor 300 mm. Such reinforce-
ment may be included in strength computations only if a
strain compatibility analysis is made to determine stresses
in the individual bars or wires.

6.3.3 Deep beams

6.3.3.1 Beams with overall depth to clear span ratios
greater than 2/5 for continuous spans, or 4/5 for simple
spans, shall be designed as deep beams taking into account
non-linear distribution of strain and lateral buckling.

6.3.3.2 Design of deep beams for shear effects shall be
in accordance with 7.3.12.

6.3.3.3 Minimum flexural tension reinforcement shall
conform to the requirements for beams.

6.3.3.4 Minimum horizontal and vertical reinforce-
ment in the side faces of deep beams shall be the greater of
the requirements of 7.3.12.8 and 7.3.12.9 or 7.3.14 9.

6.3.4 Transmission of column loads through floor
systems

6.3.4.1 When the specified compressive strength of con-
crete in a4 column is greater than 1.4 times that specified for
a floor system, transmission of load through the floor
system shall be as provided for by 6.3.4.2 or 6.3.4.3 or
6.344.

6.3.4.2 Concrete of strength specified for the column
shall be placed in the floor about the column for an area
four times the column area. Column concrete shall be well
integrated into floor concrete.

6.3.4.3 Strength of a column through a floor system
shall be based on the lower value of concrete strength with
vertical dowels and spirals as required.

6.3.4.4 For columns laterally supported on four sides
by beams of approximately equal depth or by slabs,
strenpth of the column may be based on an assumed con-
crete strength in the column joint equal to 75% of column
concrete strength plus 35% of floor concrete strength.

6.3.5 Bearing strength

6.3.5.1 Ideal bearing strength of concrete shall not
cxceed 0.85 f. Ay, except as pemmitted in 6.3.5.2 to
6.3.54.

6.3.5.2 When the supporting surface is wider on all sides
than the loaded area, ideal bearing strength of the loaded
area may be multiplied by </ 4, /A4, but not more than 2.

6.3.5.3 When the supporting surface is sloped or step-
ped, A, may be taken as the area of the lower base of the
largest frustum of a right pyramid or cone contained wholly
within the support and having for its upper base the loaded
area, and having side slopes of 1 vertical to 2 horizontal.
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6.3.5.4 Clause 6.3.5 does not apply to post-tensioning
anchorages.

6.4 Principles and requirements additional to 6.3 for
members not designed for seismic loading

6.4.1 Strength calculations

6.4.1.1 Strength design of cross-sections subject to
flexure with or without axial loads shall be based on stress
and strain compatibility using assumptions in 6.3.1,

6.4.1.2 Balanced strain conditions exist at a cross-
section of a beam or slab when tension reinforcement
reaches the strain corresponding to its specified yield
strength /3, just as concrete in compression reaches its
assumed ultimate strain of 0.003.

6.4.1.3 Compression reinforcement in conjunction with
additional tension reinforcement may be used to increase
the strength of beams.

6.4.14 Columns and piers shall be designed for the
most unfavourable combination of design moment M, and
design axial load 2Z,. The maximum design moment M,

shall be magnified for slenderness effects in accordance
with 6.4.10.

6.4.1.5 For columns and piers the maximum design
axial load in compression at a given eccentricity shall not
exceed 0.85 ¢P, for members with transverse reinforce-
ment conforming to either 6.4.7.1 (a) or 6.4.7.2 (a) and
composite members conforming to 6.4.12.7, nor 0.80 ¢P,
for members with transverse reinforcement conforming to
either 6.4.7.1 (b) or 6.4.7.2 (b) and composite members
conforming to 6.4.12.8, where
Py = 085f (Ag —Ag) *+ Ay . . . (Eq.6-1)
6.4.2 Maximum longitudinal reinforcement in beams

and slabs

6.4.2.1 For beams and slabs the ratio of longitudinal
reinforcement p provided shall not exceed 0.75 of the ratio
Pp that would produce balanced strain conditions for the
section under flexure without axial load. For members with
compression reinforcement, the portion of pj, equalized by
compression reinforcement need not be reduced by the
0.75 factor.

6.4.3 Minimum longitudinal reinforcement in beams
and slabs

6.4.3.1 At any positive moment section of a beam, ex-
cept as provided in 6.4.3.2 and 6.4.3.3, where tension
reinforcement is required by analysis, the ratio p shall not
be less than that given by

14

Eq. 6-2
3 (Eq. 6-2)

Pmin.

In T-beams and joists where the web is in tension, the ratio
o shall be computed for this purpose using width of web.
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6.4.3.2 Alternatively, the area of reinforcement pro-
vided at every section of a beam, for positive and negative
moment, shall be at least one-third greater than that re-
quired by analysis.

6.4.3.3 For structural slabs of uniform thickness, mini-
mum area and maximum spacing of reinforcement in the
direction of the span shall be as required for shrinkage and
temperature according to 5.3.32.

6.4.4 Limits for transverse reinforcement in beams and
slabs

6.4.4.1 Stirrups or ties conforming to 6.4.4.2 and
6.4.4.3 shall be present throughout the distance of a beam
or slab where longitudinal compression reinforcement is
required.

6.4.4.2 Centre-to-centre spacing of stirrups or ties along
the member shall not exceed the smaller of the least lateral
dimension of the cross-section of the member, 16 longitudi-
nal bar diameters, or 48 stirrup or tie bar diameters.

6.4.4.3 Stirrups or ties shall be arranged so that every
corner and alternate longitudinal bar that is required to
function as compression reinforcement shall have lateral
support provided by the corner of a stirrup or tie with an
included angle of not more than 135° and no such bar shall
be further than 150 mm clear on each side along the stir-
rup or tie from such a laterally supported bar.

6.4.5 Distance between lateral supports of beamns

6.4.5.1 Spacing of lateral supports for a beam shall not
exceed 50 times the least width b of compression flange or
face.

6.4.5.2 Effects of lateral eccentricity of load shall be
taken into account in determining spacing of lateral sup-
ports.

6.4.6 Limits for longitudinal reinforcement in columns
and piers
6.4.6.1 Area of longitudinal reinforcement for non-
composite columns or piers shall not be less than 0.008 nor
more than 0.08 times gross area Ag of section.

6.4.6.2 Minimum number of longitudinal reinforcing
bars in columns and piers shall be six for bars in a circular
arrangement and four for bars in a rectangular arrange-
ment,

6.4.7 Limits for transverse reinforcement in columns
and piers

6.4.7.1 Spiral or circular hoop reinforcement for
columns and piers shall conform to 5.3.29 and 5.4.1 and
shall be placed as follows:

(2)

When a strength reduction factor ¢ of 0.9 is used:

(1) Volumetric ratio oy shall be not less than the
value given by

A
Py = 0.45(-5 - bﬁ :
Ae fyh

where jy,.-, shall not exceed 400 MPa.

... . (Eq.63)
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(2) Centre-to-centre spacing of spirals or circular
hoops along the member shall not exceed the
smaller of one-fifth of the diameter of the
cross-section of the member or 16 longitudinal
bar diameters. Clear spacing shall not be less

than 25 mm.

(b) When a strength reduction factor ¢ of 0.7, or be-
tween 0.7 and 0.9 for 2, < 0.1 ]’CAg, is used:
(1) Volumetric ratio may be less than the value
given by eq. 6-3
(2) Centre-to-centre spacing of spirals or circular
hoops along the member shall not exceed the
smaller of the diameter of the cross-section of
the member, 16 bar diameters or 48 transverse
bar diameters.

6.4.7.2 Hoop or tie reinforcement not of circular shape
for columns and piers shall conform to 5.3.30 and 5.4.2
and shall be placed as follows:

(2)

When a strength reduction factor ¢ of 0.9 is used:
(1) The total area in each of the principal direc-
tions of the cross-section within spacing s, shall
not be less than

where fy_h shall not exced 400 MPa
(2) Centre-to-centre spacing of hoop sets along the
member shall not exceed the smaller of one-
fifth of the least lateral dimension of the cross-
section or 16 longitudinal bar diameters
(3) Centre-to-centre spacing across the cross-
section between cross linked bars shall not
exceed 200 mm
(4) Each longitudinal bar or bundle of bars shall be
laterally supported by a corner of a hoop hav-
ing an included angle of more than 135° or by
a cross tie
(b) When a strength reduction factor ¢ of 0.7, or between
0.7 and 0.9 for P, <0.1 f'cAg, is used:
(1) The total-area in each of the principal direc-
tions of the cross-section within spacing sy, may
be less than the value given by eq. 6-4.
(2) Centre-to-centre spacing of hoop or tie sets
along the member shall not exceed the smaller
of the least lateral dimension of the cross-
section of the member, 16 longitudinal bar
diameters, or 48 transverse bar diameters
(3) Hoops or ties shall be arranged so that every
corner and alternate longitudinal bar shall be
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laterally supported by a corner of a hoop or tie
with an included angle of not more than 135°
and no such bar shall be further than 150 mm
clear on each side along the hoop or tie from
such a laterally supported bar.

6.4.8 Columns and piers supporting slab systems

6.4.8.1 Columns and piers supporting a slab system
included within the scope of 11.3.5 and 11.9 shall be
designed as provided in Section 6 and in accordance with
the additional requirements of Section 11.

6.4.9 Design dimensions for columns and piers

6.4.9.1 Outer limits of the effective cross-section of an
isolated column or pier with two or more interlocking
spirals shall be taken at a distance outside the extreme
limits of the spirals equal to the minimum concrete cover
required by 5.3.33.

6.4.9.2 Outer limits of the effective cross-section of a
column or pier, with spiral or circular hoop reinforcement
built monolithically with a concrete wall, shall be taken
either as a circle at least 40 mm outside the spiral or hoop
reinforcement, or as a square or rectangle with sides at least
40 mm outside the spiral or hoop reinforcement.

6.4.9.3 In lieu of using full gross area for design, a
column or pier with a square, octagonal, or other shaped
cross-section may be considered as a circular section with a
diameter equal to the least lateral dimension of the actual
shape. Gross area considered, required percentage of re-
inforcement, and design strength shall be based on that
circular section.

6.4.9.4 For a column or pier with a larger cross-section
than required by considerations of loading, a reduced effec-
tive area A, not less than one-half the total area may be
used to determine minimum reinforcement and design
strength.

6.4.10  Slenderness effects in columns and piers braced
against sidesway

6.4.10.1 Design of columns and piers shall be based on
forces and moments determined from analysis of the struc-
ture. Such analysis shall take into account influence of axial
loads and variable moments of inertia on member stiffness
and fixed-end moments, effect of deflections on moments
and forces, and the effects of duration of loads.

6.4.10.2 In lieu of the detailed procedure prescribed in
6.4.10.1, slenderness effects in columns and piers braced
against sidesway may be evaluated in accordance with the
approximate procedure presented in 6.4.11.

6.4.11 Approximate evaluation of slenderness effects
Jor columns and piers braced against sidesway

6.4.11.1 Unsupported length of a column or pier shall
be determined as follows:

(a) Unsupported length 8, shall be taken as the clear dis-
tance between floor slabs, beams, or other members
capable of providing lateral support for that column

or pier



© The Crown in right of New Zealand, administered by the New Zealand Standards Executive. Access to this standard has been sponsored by the Ministry of Business, Innovation, and Employment under copyright license LN001498. You are not

permitted to reproduce or distribute any part of this standard without prior written permission from Standards New Zealand, on behalf of New Zealand Standards Executive, unless your actions are covered by Part 3 of the Copyright Act 1994.

NZS 3101 : Part 1 : 1982

Section 6

(b) Where column capitals or haunches are present, un-
supported length shall be measured to the lower
extremity of capital or haunch in the plane consid-
ered.

6.4.11.2 Effective length factor k of a column or pier
braced against sidesway shall be taken as 1.0, unless analy-
sis shows that a lower value may be used.

6.4.11.3 Radius of gyration » may be taken equal to
0.30 times the overall dimension in the direction stability
is being considered for a rectangular column or pier, and
025 times the diameter for circular column or pier. For
other shapes r may be computed for the gross concrete
section.

6.4.11.4 For columns and piers braced against sidesway

(a) If kQu/r <34 — 12M,/M,, the effects of slenderness
may be neglected

() If 34 — 12M /M, < kR,/r < 100, the effects of
slenderness may be evaluated using 6.4.11.5

(c) If k%,/r > 100, the effects of slenderness shall be
evaluated by an analysis as defined in 6.4.10.1.

6.4.11.5 Design actions including the effects of slender-
ness shall be determined as follows:

(@) Columns and piers shall be designed using the design
axial load P, from a conventional frame analysis and
a magnified design moment M, defined by

M, = 8M, (Eq. 6-5)
where
Cm
= —— 210 . . . . . . (Eqg. 66
1= @ /9P;) €59
and
T2 El
=4 (Eq. 6-7)
(k%)

(b) ln lieu of a more accurate calculation, £7 in eq. 67
may be taken either as

yp = Eelgl9)+ Ely,

Eq. 6-8
146, (Bq. 6-8)
or conservatively as
E. 2.5
EI = qé'_ (Eq. 6:9)
1+ ﬁd

(¢) Ineq 6-6 for members braced against sidesway and
without transverse loads between supports, Cy, may
be taken as

JMI
Cp =06+ O'%]T/I; (Eq. 6-10)

but not less than 0.4, If transverse loads exist be-
tween supports Cy,, shall be taken as 1.0.

(d) If computations show that 'there is no moment at
both ends of a column or pier or that computed end
eccentricities are less than (15 + 0.034) mm, M, in
eq. 6-5 shall be based on a minimum eccentricity of
(15 + 0.03 ) mm about each principal axis separ-
ately. Ratio M, /M, in eq. 6-10 shall be determined
by either of the following:

(1)  When computed end eccentricities are less than
(15 + 0.03 k) mm, computed end moments may
be used to evaluate M, /M, in eq. 6-10.

(2) If computations show that there is essentially
no moment at both ends of a column or pier,
the ratio M, /M, shall be taken equal to one.

6.4.11.6 For columns and piers subject to bending
about both principal axes, moment about each axis shall be
magnified by 6, computed from corresponding conditions
of restraint about that axis.

6.4.12 Composite columns and piers

6.4.12.1 Composite columns and piers shall include all
such members reinforced longitudinally with structural
steel shapes, pipe, or tubing with or without longitudinal
bars.

6.4.12.2 Strength of a composite member shall be com-
puted for the same limiting conditions applicable to ordin-
ary reinforced concrete members.

6.4.12.3 Any axial load strength assigned to concrete of
a composite member shall be transferred to the concrete by
members or brackets in direct bearing on the composite
member concrete.

6.4.12.4 All axial load strength not assigned to concrete
of a composite member shall be developed by direct con-
nection to the structural steel shape, pipe, or tube.

6.4.12.5 For evaluation of slenderness effects, radius of
gyration of a composite section shall not be greater than
the value given by

(Eclgls) + Egly
(EcAg/5)+ EA,
For computing P, in eq. 6-7, £I of the composite section
shall not be greater than

E.L,/5)+ Egl
El = ( clg/ ) sit
1+ 6(1

6.4.12.6 Composite members with concrete core encased
by structural steel shall conform to the following:

(Eq. 6-11)
(Eq. 6-12)

(a) Thickness of the steel encasement shall not be less
than

5
b /7, for each face of width b
3E,

nor

i}
h \A—JT‘ for circular cross-sections of diameter ks
‘s
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(b)  Longitudinal bars located within the encased concrete
core may be considered in computing A, and /.

6.4.12.7 A composite member with concrete reinforced
with spirals or circular hoops around a structural steel core
shall conform to the following:

(a) Specified compressive strength of concrete /7 shall
not be less than 17.5 MPa

(b) Design yield strength of structural steel core shall be
the specified minimum yield strength for grade of
structural steel used but not to exceed 350 MPa

(c)  Spiral or circular hoop reinforcement shall conform
to 6.4.7.1 (a)

(d) Longitudinal bars located within the spiral or circular
hoop reinforcement shall not be less than 0.008 nor
more than 0.08 times net area of concrete section

(¢) Longitudinal bars located within the spiral or circular

hoop reinforcement may be considered in computing
Ay and Iy,

6.4.12.8 A composite member with laterally tied con-
crete around a structural steel core shall conform to the
following:
(a) Specified compressive strength of concrete fé shall
not be less than 17.5 MPa
(b) Design yield strength of structural steel core shall be
the specified minimum yield strength for grade of
structural steel used but not to exceed 350 MPa
(c) Lateral ties shall extend completely around the struc-
tural steel core
(d) TLateral ties shall be at least 16 mm diameter bars, or
smaller bars with a diameter not less than 1/50 times
the greater side dimension of the composite member,
but not smaller than 10 mm diameter. Welded wire
fabric of equivalent area may be used

Vertical spacing of lateral ties shall not exceed 16
longjtudinal bar diameters, 48 tie bar diameters, or
one half times the least side dimension of the com-
posite member

(f)  Longitudinal bars located within the ties shall not be
less than 0.008 nor more than 0.08 times the net area
of concrete section

(&) A longitudinal bar shall be located at every corner of
a rectangular cross-section, with other longitudinal
bars spaced not further apart than one-half the least
side dirnension of the composite member

(h) Longitudinal bars located within the ties may be con-
sidered in computing 4, for strength but not in
computing /; for the evaluation of slenderness effects.
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6.5 Principles and requirements additional to 6.3 for
members designed for seismic loading

6.5.1 Strength calculations

6.5.1.1 Strength design of cross-sections subjected to
flexure with or without axial loads shall be based on stress
and strain compatibility using the assumptions in 6.3.1.

6.5.1.2 Full member cross-section shall be considered to
contribute to the strength of the cross-section.

6.5.1.3 Columns and piers shall be designed for the
most unfavourable combination of design moment M, and
design axial load P), or P,.

6.5.1.4 For frames where sidesway mechanisms with
plastic hinges forming only in columns are not permitted by
NZS 4203, the design moments and axial loads on columns
shall include the effect of possible beam overstrength, con-
current seismic loading, and magnification of column
moments due to dynamic effects, in order to provide a high
degree of protection/against plastic hinging of the columns.

6.5.1.5 For columns and piers the maximum design
axial load in compression at a given eccentricity P, shall not
exceed 0.7 ¢ fL.Ag, unless it can be shown that P, is less

than 0.7 ¢ P,

where

P, = 0.85f'c(Ag—As,)+fyAs, .« . (Bq.613)

6.5.2 Dimensions

6.5.2.1 Depth, width and clear length between the faces
of supports of members with rectangular cross-section, to
which moments are applied at both ends by adjacent
beams, columns, or both, shall be such that

L

— < 25 (Eq. 6-14)
by

and

th

—2< 100 (Eq. 6-15)
by

6.5.2.2 Depth, width and clear length from the face of
support of cantilever members with rectangular cross-
section, excluding bridge piers, shall be such that

&

— < 15 (Eq. 6-16)
by,

and

L,h

—, < 60 (Eq. 6-17)
by,

6.5.2.3 Width of web and depth of T and L beams, in
which the flange or flanges are integrally built with the
web, shall be such that the values given by equations 6-14
and 6.16 are not exceeded by more than 50%.
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6.5.2.4 The width of the compression face of a member
with rectangular, T, L or I section shall not be less than
200 mm.

6.5.2.5 When narrow beams frame into wide columns
only a limited width of a column shall be assumed to resist
load transmitted by such narrow beams in accordance with
9.5.7.

6.5.3 Reinforcement in beams

6.5.3.1 Potential plastic hinge regions in beams shall be
considered to be as follows:

Where the critical section is located at the face of a
supporting column, wall or beam: over a length equal
to twice the beam depth, measured from the critical
section toward midspan, at each end of the beam
where a plastic hinge may develop

(a)

Where the critical section is located at a distance not
less than the beam depth & or 500 mm away {rom a
column or wall face: over a length that commences
between the column or wall face and the critical
section, at least 0.5 A or 250 mm from the critical
section, and extends at least 1.5 & past the critical
section toward midspan

(b)

(c) Where, within the span, yielding of flexural tension
steel may occur in one face of the beam only as a
result of inelastic displacements of the frame: over
the lengths equal to the beam depth on both sides of

the critical section.

6.5.3.2 Longitudinal reinforcement in beams shall be
as follows:

(a) At any section of a beam within a potential plastic
hinge region, as defined in 6.5.3.1, the tension rein-
forcement ratio shall not exceed the smaller of

f!

1+0.17(7—Cf3) o
P inax. ™ 00 (1 +5 ). ..(Eq.6°18)
or

_ 1

Popax. = +— =+« ~+ « -« . (Eq.619)

Ty
where the reinforcement ratio shall be computed
using the width of the web

(b) At any section of a beam within a potential plastic
hinge region, as defined in 6.5.3.1, the compression
reinforcement area A'S shall not be less than one half
of the tension reinforcement area Ay at the same
section

(c) At any section of a beam throughout its length the
reinforcement shall not be less than

_14
Pmin, ~ (Eq. 6-20)
fy
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where the reinforcement ratio shall be computed
using the width of the web. At least two 16 mm
diameter bars shall be provided both top and bottom
throughout the length of the beam
(d) At least one-quarter of the larger of the top flexural
reinforcement required at either end of a beam shall
be continued throughout its length
(e) In T and L beams built integrally with slabs, the slab
longitudinal reinforcement to be considered effective
as beam reinforcement, in addition to those bars
placed within the web width of the beam, shall be as
follows:
(1) At interior columns where a transverse beam of
similar dimensions frames into the column, all
reinforcement within that part of the slab
which extends a distance of four times the slab
thickness from each side of the column

At interior columns where no transverse beam
exists, all reinforcement within that part of the
slab which extends a distance of two and a half
times the thickness of the slab from each side
of the column

()

At exterior columns where a transverse beam of
similar dimensions frames into the column, and
where the beam reinforcement is to be an-
chored, all reinforcement within that part of
the slab which extends a distance of twice the
slab thickness from each side of the column

(€))

At exterior columns where no transverse beam
exists, all reinforcement within the width of
the column

)

(5) In all cases, at least 75% of the longitudinal re-
inforcement in each face, providing the re-
quired flexural strength, must pass through or
be anchored in the column core. When longi-
tudinal reinforcement is governed by the load
combination U=14D + 1.7 L then only 75%
of the reinforcement required for the load com-
bination U =D + 1.3 L + E is required to pass
through or be anchored in the column core.

6.5.3.3 Transverse reinforcement in the form of stirrup-
ties should be placed in potential plastic hinge regions, as
defined in 6.5.3.1 in beams as follows:
(a)  Stirrup-ties shall be arranged so that each longitudinal
bar or bundle of bars in the upper and lower faces of
the beam is restrained against buckling by a 90° bend
of a stirrup-tie, except that where two or more bars
at not more than 200 mm centres apart are so res-
trained any bars between them are exempted from
this requirement

(b)

Diameter of the stirrup-ties shall not be less than
6 mm, and area of one leg of a stirrup-tie in the direc-
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(d)

(0

tion of potential buckling of the longitudinal bar,
shall not be less than

_ EAbfy Iy
16f)

. (Eq. 6-21)

= 100

where 2Ay, is the sum of the areas of the longitudinal
bars reliant on the tie, including the tributary area of
any bars exempted from being tied in accordance
with 6.5.3.3 (a). Longitudinal bars centred more than
75 mm from the inner face of stirrup-ties need not be
considered in determining the value of £ A4y,

If a layer of longitudinal bars is centred further than
100 mm from the inner face of stirrup-ties, the
outermost bars shall be tied laterally as required in
6.5.3.3 (b), unless this layer is situated further than
h/4 from the compression edge of the section

In potential plastic hinge regions defined by 6.5.3.1
(a) and (b) the centre-to-centre spacing of stirrup-ties
shall not exceed the smaller of d/4, or six times the
diameter of any longitudinal bar to be restrained in
the outer layers, or 150 mm. Where 6.5.3.1(a) applies
the first stirrup-tie in a beam shall be as close as prac-
ticable to the column ties and shall be not further
than SO mm from the column face

In potential plastic hinge regions defined by 6.5.3.1
(c¢) the centre to centre spacing of stirrup-ties shall
not exceed either d/3 or 12 times the diameter of any
longitudinal compression bar to be restrained, and
the clear spacing between sets of stirrup-ties shall not
exceed 200 mm

Stirrup-ties may be assumed to contribute fully to the
shear strength of the beam.

6.5.4 Reinforcement in columns and piers

6.5.4.1 Potential plastic hinge regions in columns and

piers shall be considered to be the end regions adjacent to
moment resisting connections over a length from the face
of the connection as follows:

(a)

(b)

When P, < 0.3 (bf'cA
longer cross-section
tangular cross-section or the diameter in the case of a
circular cross-section, or where the moment exceeds
0.8 of the maximum moment at that end of the
member

, not less than the larger of the

When 2, > 0.3 ¢f'CA , not less than the larger of 1.5
times the longer member cross-section dimension in
the case of a rectangular cross-section or 1.5 times the
diameter in the case of a circular cross-section, or
where the moment exceeds 0.7 of the maximum
moment at that end of the member.

6.5.4.2 Longitudinal reinforcement in columns and

piers shall be as follows:

(a)

Arca of longitudinal reinforcement shall be not less
than 0.008 Ag

(ﬁmension in the case of a rec-
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(b)
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Area of longitudinal reinforcement shall be not
greater than 0.06.4, for Grade 27S steel nor greater
than 0.045 for Grade 380 steel, except that in the
region of lap splices the total area shall not exceed
0.08 Ag for Grade 275 steel nor 0.06 Ag for Grade
380 steel

For longitudinal bars in potential plastic hinge
regions, as defined in 6.5.4.1, the bars shall not be
spaced further apart between centres than 200 mm.
In any row of bars the smallest bar diameter used
shall not be less than two-thirds of the largest bar
diameter used. The minimum number of longitudinal
reinforcing bars shall be six for bars in a circular
arrangement and four for bars in a rectangular arrange-
ment.

6.5.4.3 Transverse reinforcement in columns and piers
shall conform to 5.54 and 5.5.5 and shall be placed as
follows:

(a)

(b)

In potential plastic hinge regions, as defined in
6.5.4.1, when spirals or circular hoops are used:

(1) Volumetric ratio g shall not be less than the

greater of:
A | S Pe

p.=045(=F 1) £(05+125 &

s c fyh of cAg

(Eq. 622)
or
fe P,
=0.12= {0.5+1.25

Ps T ¢fAg) (Eq. 623)

except that, where permitted by 6.5.4.3 (¢c), O
may be reduced by one-half

(2) In equations 6-22 and 6-23, P, shall not exceed
the value permitted in 6.5.1.5 and fyh shall not
exceed 400 MPa

(3) Centre-to-centre spacing of spirals or circular

hoops along the member shall not exceed the
smaller of one-fifth of the diameter of the
cross-section of the member, or six times the
diameter of the longitudinal bar to be res-
trained, or 200 mm

In potential plastic hinge regions, as defined in
6.5.4.1, when rectangular hoops with or without
supplementary cross-ties are used:

(1) Total area of hoop bars and supplementary
cross-ties in each of the principal directions of
the cross-section within spacing sy, shall not be
less than the greater of

o1

A I P

Ag, =03sph"[ =8 1) € (0.5 +1.25 -
sh h AC = ]S,h (b) cAg
(Eq. 6:24)

or
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(2

(3)

“)

©)

(6)

an‘ Pe
Agp = 012550 (0.5 +125 —
Hn ¢f Ag

(Eq. 6-25)

except that where permitted by 6.5.4.3 (c)
Agy, may be reduced by one-half

In equations 6-24 and 6-25, P, shall not exceed
the value permitted in 6.5.1.5 and Tyn shall not
exceed 400 MPa

Centre-lo-centre spacing of hoop sets along the
member shall not exceed the smaller of one-
fifth of the least lateral dimension of the cross-
section, or six times the diameter of the longi-
tudinal bar to be restrained, or 200 mm

Centre-to-centre spacing across the cross-section
between cross linked bars shall not exceed
200 mm

Each longitudinal bar or bundle of bars shall be
laterally supported by the corner of a hoop
having an included angle of not more than 135°
or by a supplementary cross-tie, except that the
following two cases of bars are exempt from
this requirement:

(i) Bars or bundles of bars which lie between
two laterally supported bars or bundles of
bars supported by the same hoop where the
distance between the laterally supported
bars or bundles of bars does not exceed
200 mm between centres

(i) Inner layers of reinforcing bars within the
concrete core centred more than 75 mm
{rom the inner face of hoops

Yield force in the hoop bar or supplementary
cross-tie at the specified yield strength shall be
at least equal to one-sixteenth of the yield force
in the bar or bars it is to restrain, including the
contribution from the tributary area of any
bar or bars exempted under 6.5.4.3 (b) (5)

52

(c)

(CY)

©

In frames where columns are designed with sufficient
strength to provide a high degree of protection
against plastic hinging, the required quantity of trans-
verse reinforcement placed in the regions of columns
defined as potential plastic hinge regions in 6.5.4.1
may be one-half of that required by equations 6-22
and 6-23 or equations 6-24 and 6-25, but all other
provisions of 6.5.4 shall be conformed to. This reduc-
tion in the quantity of transverse steel in potential
plastic hinge regions shall not be permitted at the
base of columns nor in any storey in which a column
sidesway mechanism could occur with plastic hinges
forming in the columns.

Outside potential plaétic hinge regions of a column or
pier the transverse reinforcement shall be as follows:

(1) Over the length of column or pier adjacent to
the potential plastic hinge region and equal in
length to the potential plastic hinge region:

(i) Centre-to-centre spacing of transverse rein-
forcement along the member shall not
exceed the smaller of two-fifths of the dia-
meter in the case of a circular cross-section
or two-fifths of the least lateral dimension in
the case of a rectangular cross-section, or 12
times the diameter of the longitudinal bar to
be restrained, or 400 mm

(i) The quantity of transverse reinforcement
shall not be less than one-half of that re-
quired in the potential plastic hinge region

(2) Over the remainder of the column or pier the
centre-to-centre spacing of transverse reinforce-
ment shall not exceed 0.5 d

Spirals, hoops and ties placed according to 6.5.4.3
extending around longitudinal bars in the compres-
sion and tension faces of the member cross-section
may be assumed to fully contribute to the shear
strength of the member.
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7 SHEAR AND TORSION

7.1 Notation

shear span, distance between concentrated load and
face of support or as defined in 7.3.12.3, mm

area enclosed by perimeter of section, mm? (see
7.3.7)

area of reinforcement to resist a tensile force in
corbels, mm?

area of flexural tension reinforcement required in
corbels, mm?

gross area of section, mm?

area of shear reinforcement in brackets and corbels
parallel to flexural tension reinforcement, mm?

total area of longitudinal reinforcement to resist
torsion, mm?

area enclosed by line connecting the centres of the
longitudinal bars in the corners of the closed stirrips,
mm? (see 7.3.7)

area of prestressed reinforcement in tension zone,
mm?

area of non-prestressed tension reinforcement, mm?

area of one leg of a closed stirrup resisting torsion
within a distance s, mm?

area of shear reinforcement within a distance s, or
area of shear reinforcement perpendicular to flexural
tension reinforcement within a distance s for deep
beams, mm?

area of shear-friction reinforcement, mm?

area of shear reinforcement parallel to flexural
tension reinforcement within a distance s,, mm?

width of compression face of member, mm
perimeter of critical section forslabs and footings, mm
web width, or diameter of circular section, mm

size of rectangular or equivalent rectangular column,
capital, or bracket measured in the direction of the
span for which moments are being determined, mm

size of rectangular or equivalent rectangular column,
capital, or bracket measured transverse to the direc-
tion of the span for which moments are being deter-
mined, mm

distance from extreme compression fibre to centroid
of longitudinal tension reinforcement, but need not
be less than 0.8 h for prestressed members or 0.8 9,
for walls, mm. (For circular sections, d need not be
less than the distance from extreme compression
fibre to centroid of tension reinforcement in opposite
half of member.)

distance from extreme compression fibre to centroid
of prestressed reinforcement, mm

distance from centroid of total vertical reinforcement
to extreme compression fibre of wall section, mm
specified compressive strength of concrete, MPa

square root of specified compressive strength of
concrete, MPa

fct

Pe

Po
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average splitting tensile strength of lightweight aggre-
gate concrete, MPa

compressive stress in concrete (after allowance for all
prestress losses) at centroid of cross-section resisting
externally applied loads or at junction of web and
flange when the centroid lies within the flange, MPa.
(In a composite member, Tpe is resultant compressive
stress at centroid of composite section, or at junction
of web and flange when the centroid lies within the
flange, due to both prestress and moments resisted by
precast member acting alone ), MPa

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

ultimate tensile strength of prestressing tendons, MPa

specified yield strength of non-prestressed reinforce-
ment, MPa

specified yield strength of horizontal non-prestressed
shear reinforcement in a wall, MPa

specified yield strength of vertical non-prestressed
wall reinforcement, MPa

overall thickness of member, mm
total depth of shearhead cross-section, mm
total height of wall from base to top, mm

moment of inertia of section resisting externally
applied factored loads, mm®*

distance between point of zero shear and the support
of a deep beam and as specified in 7.3.12.4, mm

length of shearhead arm from centroid of concen-
trated load or reaction, mm

horizontal length of wall, mm

moment which causes zero stress at extreme fibre at
which tensile stress is induced by applied load as
defined by eq. 7.10 , Nmm-

required plastic moment strength of shearhead cross-
section, Nmm

factored moment at section, Nmm

factored moment occurring simultaneously at a
section with Vu,Nmm

moment resistance contributed by shearhead rein-
forcement, Nmm

factored tensile force on bracket or corbel acting

simultaneously with V,, to be taken positive for
tension, Nmm

perimeter of section, mm
perimeter of area, 4, mm

design axial load in compression with given eccen-
tricity due to gravity and seismic loading, acting on
the member simultaneously with shear stress v; during
an earthquake, N
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P, factored axial load normal to cross-section occurring
simultaneously with ¥V, to be taken as positive for
compression, negative for tension, and to include
effects of tension due to creep and shrinkage, N

r the algebraic ratio at the plastic hinge section of the
maximum shear force developed with positive mo-
ment hinging to the maximum shear force developed
with negative moment hinging, always taken negative

s spacing of shear or torsion reinforcement in direction
parallel to longitudinal reinforcement, mm

$1 spacing of vertical reinforcement in wall, mm

s, spacing of shear reinforcement in direction perpen-
dicular to longitudinal reinforcement or spacing of
horizontal reinforcement in wall, mm

S structural type factor as defined by NZS 4203
t.  0.75A4.,/p;, mm

to, 0.754,/p,, mm

T;  ideal torsional strength of section, N mm

T, factored torsional moment at section, N mm
v, basic shear stress, MPa

v, ideal shear stress provided by concrete, MPa

ve;  ideal shear stress provided by concrete when diagonal
cracking results from combined shear and moment,

MPa

Veyw ideal shear stress provided by concrete when diagonal
cracking results from excessive principal tensile stress
in web, MPa

total shear stress, MPa

shear stress sustained in members with variable depth
defined by eq. 7.7, MPa

Vg torsional shear stress, MPa

Vg design shear force to be resisted by diagonal shear
reinforcement, N

Vi ideal shear strength of section N

transverse component of effective longjtudinal pre-
stress force at section, N

V,, factored shear force at section, N

yp  distance from centroidal axis of gross section, neglect-
ing reinforcement, to extreme fibre in tension, mm

o angle between inclined stirrups and longitudinal axis
of member

o, ratio of stiffness of shearhead arm to surrounding
composite slab section. (See 7.3.15.4)

B for reinforced concrete the angle the tension rein-
forcement makes with the plane of the extreme com-
pression fibre. For prestressed members the angle the
prestressing tendons make with the plane of the beam
centroid

. ratio of short side to long side of concentrated load
or reaction area

u coefficient of friction. (See 7.3.11.5)

pp  ratio of horizontal shear reinforcement area to gross
concrete area of vertical section

p, ratio of total vertical reinforcement area in wall
section to gross arca of horizontal section of the web
only

P, s +Aps) /b,A
[0) strength reduction factor. (See 4.3.1.2)

¢, ratio of overstrength moment of resistance to mo-
ment resulting from code specified loading, where
both moments refer to the base section of wall,

7.2 Scope. Provisions of this Section 7 apply to design
of members for shear and torsion with flexure and with or
without axial load. Special provisions are made for deep
beams, brackets and corbels, walls, slabs and footings
and also for members subjected to earthquake loading.

7.3 General principles and requirements
7.3.1 Shear strength

7.3.1.1 Design of cross-sections of members subject to
shear shall be based on
V,<oV; (Eq.7-1)
where V, is the shear force at the section derived from
factored load on the structure and V; is the ideal shear

strength of the section computed with the total shear stress
v; from

Vi = vibyd

7.3.1.2 The total shear stress v; shall be assumed to
consist of the contribution of the concrete v, in accordance
with 7.3.2 or 7.3.3 and the contribution of the shear rein-
forcement (v; — v,) in accordance with 7.3.6.

(Eq. 7-2)

7.3.1.3 In determining shear stress v, whenever applic-
able, effects of axial tension due to creep and shrinkage and
those of differential temperature shall be considered.

7.3.1.4 When the reaction, in direction of applied shear,
introduces compression into the end regions of simply
supported or continuous or cantilever members, other than
brackets and corbels, calculation of maximum factored
shear force V;, shall be as follows:

(a) For non-prestressed members, sections located less
than a distance d from face of support may be
designed for the same shear V,, as that computed at
a distance d

(b) For prestressed members, sections located less than a
distance h/2 from face of support may be designed
for the same shear V,, as that computed at a distance
hl?2.

7.3.1.5 When v; exceeds v, shear reinforcement shall be
provided according to 7.3.6.

7.3.1,6 For deep beams, brackets and corbels, walls, and
slabs and footings, the special provisions of 7.3.12 to 7.3.15
shall apply.
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7.3.1.7 Provisions for shear stress v, apply to normal
weight concrete. When lightweight aggregate concrete is
used one of the following modifications shall apply:
(a) When f,, is specified and the concrete mix is de-
signed in accordance with NZS 3152, provisions for
v, shall be modified by substituting 1.8 £, for

¢
but the value of 1.8 fepshall not exceed J

(b)  When f,, is not specified, all values of v/ fr affecting
Ve shall be multiplied by 0.75 for “all-lightweight”
concrete, and 0.85 for “sand-lightweight” concrete.

Linear interpolation may be used when partial sand
replacement is used.

7.3.1.8 The total shear stress v; shall not be taken larger
than 0.2 f7. or 6 MPa,

7.3.2 Shear strength provided by concrete for non-
prestressed members

7.3.2.1 Shear stress v, for all members except slabs and

deep flexural members shall be computed from the basic
shear stress

vp = (0.07+10 p, ) VT

the value of which shall not be more than 0.2
need it be taken less than 0.08 v/ )-‘c, as follows:

(Eq. 7-3)

f¢ , nor

(a) For members subjected to shear and flexure only
Ve = Vpt vip . ‘ . (Eq. %-4)
(b)  For members subjected also to axial compression load
vp may be replaced by
1 +3P,” vp (Eq.7-5)
Agle
(¢) For members subjected to axial tension load vy, shall
be replaced by
I +;: 2;:” vp (Eq. 7-6)
glc
where P, is negative for tension
(d) In members with varying depth not subjected to axial

load the shear stress sustained by the internal forces
induced by flexure shall be taken as

M
=+ uy

Vi, = % tan o E B b Eq. 7-7
in bW¢12 g (Eq )

unless more detailed analysis is carried out. The posi-
tive sign applies when the bending moment My, in-
creases numerically in the same direction in which the
depth d increases and the negative applies where the
moment decreases in this direction.

7.3.2.2 In one way slabs or other elements having a
width of four times the effective depth or greater and a
total depth of 300 mm or less, the shear stress v, is given by
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€q. 7-4 but need not be taken less than 0.17 v/ . For one-
way slabs or elements having width between three and four
times the effective depth and effective depth less than 300
mm, the value of vy, shall be‘interpolated between the value
given by. eq. 7-3 and the value for slab with width four
times its effective depth.

7.3.3 Shear strength provided by concrete for prestressed
members

7.3.3.1 Irrespective of the shear provided by concrete,
the total shear stress in prestressed members shall not ex-
ceed 0.2 fi. or 6 MPa unless special studies are performed.
If the web contains bars, cables or grouted ducts of diameter
greater than b,,,/8, the value of by, taken for the purpose of
assessing total shear stress shall be reduced by one half of
the sum of the diameters of all such bars, cables or grouted

ducts that are present at the most unfavourable level of the
web.

7.3.3.2 For members with effective prestress force not
less than 40% of the design tensile strength of flexural re-
inforcement, unless a more detailed calculation is made in
accordance with 7.3.3.3:

V,d
vc=0.os\/Fc+51-Wﬂi Coe e

uy

(Eq. 7-8)

but v, need not be taken less than 0.08 v/ 77 nor shall Vo
be taken greater than the value of v, given by eq. 7.11 nor
the value given in 7.3.3.4, The quantity Vyd oMy, shall not
be taken greater than 1.0, where My, is factored moment
occuring simultaneously with ¥, at section considered.

7.3.3.3 Shear stress v, may be taken as the lesser of Vi
0r v, given as follows:
(a) Shear stress provided by concrete when diagonal
cracking results from combined shear and moment,
Veis is the basic shear stress vy, plus the shear stress
sustained under that Moment M, which causes zero
stress at the extreme fibre at which tensile stresses are
induced by applied loads. For non-composite uni-
formly loaded beams:

Vu M,
by M,

Vei = vp *+

. . .

(Eq. 7-9)

where

I

M, =% : b % Eq. 7-10
0 v pe (Eq )

(b)  Shear stress provided by the concrete when diagonal
cracking results from excessive principal tensile stress

in web v, shall be computed by
Vp e
by,

Alternatively, Vow May be computed as the shear
stress corresponding to dead load plus live load that
results in a principal tensile stress of 033V [, at

Vow = 03 (VI +fpe)+ ... (Eq.7-11)
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centroidal axis of member, or at intersection of flange
and web when centroidal axis is in the flange. In com-
posite members principal tensile stress shall be com-
puted using the cross-section that resists live load.

7.3.3.4 In a pre-tensioned member in which the section
at a distance 2/2 from face of support is closer to end of
member than the transferlength of the prestressing tendons,
the reduced prestress shall be considered when computing
Vey- This value of v, shall also be taken as the maximum
limit for eq. 7-8. Prestress force may be assumed to vary
linearly from zero at end of tendon to a maximum at a
distance from end of tendon equal to the transfer length,
assumed to be 50 diameters for strand and 100 diameters
for single wire.

7.3.3.5 With the exception of the allowance in eq. 7-11
the transverse component of the longitudinal prestressing
force Vp, shall not be considered to contribute to the shear
resistance of prestressed concrete beams.

7.3.4 Shear reinforcement - Minimum requirements

7.3.4.1 A minimum area of shear reinforcement shall be
provided in all reinforced, prestressed and non-prestressed
concrete where shear stress v; required to resist ¥, exceeds
half the shear strength provided by concrete v,,, except:

(a) Slabs and footings
(b) Concrete joist construction defined by 3.4.2

(c) Beams with total depth not greater than 250 mm,
two and a half times thickness of flange, or one-half
the width of web, whichever is greater.

7.3.4.2 Minimum shear reinforcement requirements of
7.3.4.1 may be waived if shown by test that required ulti-
mate flexural and shear strength can be developed when
shear reinforcement is omitted.

7.3.4.3 Where shear reinforcement is required by
7.3.4.1 or by analysis, minimuim area of shear reinforcement
for prestressed (except as provided in 7.3.4.4) and non-
prestressed members shall be computed by
A, = 0,35erv
y

(Eq. 7-12)

where b, and s are in millimetres.

7.3.4.4 For prestressed members with effective prestress
force not less than 40% of the design tensile strength of
flexural reinforcement, minimum area of shear reinforce-
ment may be computed by eq. 7-12 or 7-13

A, :QS.QM.,S \/d_

Eq. 7-13
0 % d Vb, (Eq. 7-13)
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7.3.5 Shear reinforcement details
7.3.5.1 Shear reinforcement may consist of:
(a)  Stirrups perpendicular to axis of member

(b) Welded wire fabric with wires located perpendicular
to axis of member

(c) Stirrups making an angle of 45° or more with the
longitudinal tension bars

(d) Vertical or inclined prestressing.

7.3.5.2 For non-prestressed members, shear reinforce-
ment may also consist of:

(a) Longitudinal reinforcement with bent portion making
an angle of 30° or more with the longitudinal tension
reinforcement

(b) Combinations of stirrups and bent longitudinal rein-
forcement

(c) Spirals.

7.3.5.3 Stirrups and other bars or wires used as shear
reinforcement shall extend to a distance d from extreme
compression fibre and shall be anchored at both ends
according to 5.4.3.2 to develop the yield strength of
reinforcement.

7.3.5.4 Spacing limits for shear reinforcement shall be
as follows:

(a)  Spacing of shear reinforcement, placed perpendicular
to axis of member, shall not exceed the lesser of
either (1) and (2) as appropriate or (3):

(1) 0.5din non-prestressed members

(2) 0.75 h in prestressed members and non-pre-
stressed members provided that Pu/Ag exceeds
0.12f,

(3) 600 mm

(b) Inclined stirrups and bent longitudinal reinforcement
shall be so spaced that every 45° line, extending to-
wards the reaction from mid-depth of member 0.5 d
to longitudinal tension reinforcement, shall be
crossed by at least one line of shear reinforcement

(¢)  When (v; — v,) exceeds 0.07 f', maximum spacings
given in 7.3.5.4 (a) and (b) shall be reduced by one-
half.

7.3.6 Design of shear reinforcement

7.3.6.1 Design yield strength of shear reinforcement
shall not exceed 415 MPa.,

7.3.6.2 When the total shear stress v; exceeds the ideal
shear stress provided by concrete, V., shear reinforcement
shall be provided for the difference (v; — v,,).
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7.3.6.3 When shear reinforcement perpendicular to axis
of member is used, the required area of shear reinforce-
ment within a distance s shall be not less than

v;—v.) b
ApJM o

Sy

7.3.6.4 When inclined stirrups are used as shear rein-
forcement, the required area shall not be less than

_ Wi=ve) bys
Ay T ——=
K Iy (sin & + cos &)

(Eq. 7-15)

7.3.6.5 When shear reinforcement consists of a single
bar or a single group of parallel bars, all bent up at the same
distance from the support, the required area shall not be
less than

o Wi —vp) byd -

i . (Eq.7-16)
ysma

Ay

in which the term (v; — v,) shall not exceed 0.05 fc'..

7.3.6.6 When shear reinforcement consists of a series of
parallel bent-up bars or groups of parallel bent-up bars at
different distances from the support, the required area shall
be not less than that computed by eq. 7-15.

7.3.6.7 Only the centre three-fourths of the inclined
portion of any longitudinal bent bar shall be considered
effective for shear reinforcement.

7.3.6.8 Where more than one type of shear reinforce-
ment is used to reinforce the same portion of the web:
(a) Stirrups shall be provided to carry at least one-third
of the total shearto be resisted by web reinforcement
(b) The required area shall be computed as the sum for
the various types separately with v, being included
only once,

7.3.6.9 When a beam or beams frame monolithically
into a supporting girder, stirrups having a total dependable
strength ¢2Avfy equal to or greater than the total reaction
transferred from the beams to the girder shall be placed in
the girder within 0.5 times the depth of the beams on either
side ol the beams. This requirement is waived if:

(a)

The beam shear stress at the interface is less than v

or 0.17v/ f,

(b) The lower face of the girder is more than the depth of
the beam below the bottom of the beam
(c) The girder is supported on its lower face at the beam-

girder joint.
7.3.7 Members loaded in torsion
7.3.7.1 The provisions of this Clause do not apply to

slabs, footings or concrete joist floor construction defined
by 3.4.2.
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7.3.7.2 If the torsion in the member is required to main-
tain equilibrivm in the structure, and if the magnitude of
the ideal torsional strength required exceeds O.IACOtc\/?C:
torsional reinforcement designed in accordance with 7.3.10
shall be provided.

7.3.1.3 1If the torsion on the member arises because the
member must twist to maintain compatibility, the effect of
torsion on the member may be neglected, provided that the
moments and shears in the structure are computed assum-
ing no torsional stiffness of the member, and that the
following provisions are satisfied:
(a) Minimum torsional steel shall be provided in the
member in accordance with the provisions of 7.3.8
and detailed in accordance with 7.3.9, except for
those members where it is shown that the stress calcu-
lated from eq. 7-18 does not exceed 0.08 o> in
which case torsional reinforcement may be omitted
(b) In those sections of adjoining members, where
moments will occur due to the torsional restraint pro-
vided by the member, minimum flexural reinforce-
ment as specified by 6.4.3 and 11.4 and anchored so
as to provide full development shall be provided.

7.3.7.4 Sections located less than a distance d from the
face of the support may be designed for the same torsion
as that computed at a distance d.

7.3.7.5 Design of cross-sections subject to torsion shall
be based on the relationship
T, <¢T; (Eq.7.17)
where T}, is the torsion at the section derived from factored

load on the structure and T; is the ideal torsional strength
of the section.

7.3.7.6 The torsional shear stress v;; shall be computed
from

T;

th = m . . e . . . (Eq. 7—-18)

where the value of 7,, shall not exceed the actual wall thick-
ness of hollow sections and v; shall not exceed 0.2 f§ or
6 MPa.

7.3.7.7 When torsional shear stress and torsion rein-
forcement is determined for members with flanged sections,
the value of A, and A, shall be based either on the stem
of the section only, without flanges, or on the stem with
flanges, where the width of overhanging flange used shall
not exceed three times the thickness of the flange.

7.3.7.8 When torsional and flexural shear stresses occur
together at a section the condition

Vitv<02fa<6MPa . . . . . . (Bq. 7-19)

shall be satisfied.
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7.3.8 Torsion reinforcement — Minimum requirements

7.3.8.1 If torsion reinforcement is required, an amount
of closed stirrup and longitudinal reinforcement shall be
provided such that

ArAg 1.5. Aco ‘e
N et S T L Eq. 7-20
S0~ 1, A (Eq. 7-20)

7.3.8.2 For hollow sections to shall not exceed the
actual wall thickness.

7.3.8.3 In calculating the term A,/s in eq. 7-20 any
closed stirrups provided for shear resistance or to satisfy
minimum requirements may be included.

7.3.84 In caculating the term Ag/p, in eq. 7-20,
longitudinal steel used to resist flexure may be included
provided that such steel is anchored to provide full develop-
ment. The texrm Ag/p,, shall not be taken greater than7A4,/s.

7.3.9 Torsion reinforcement details

7.3.9.1 Torsion reinforcement shall consist of closed
stirrups perpendicular to the axis of the member combined
with longitudinal bars.

7.3.9.2 Spacing of closed stirrups shall not exceed p,/8,
or 300 mm whichever is the smaller.

7.3.9.3 Spacing of longitudinal bars, distributed around
the perimeter of the stirrups shall not exceed 300 mm.

7.3.94 At least one longitudinal bar having a diameter
of not less than s/16 and not less than 10 mm, shall be
placed inside each comer of the closed stirrups. These
corner bars shall be anchored to provide full development.

7.3.9.5 Torsion reinforcement shall be provided at least
a distance p,, /2 beyond the point of zero torsion.

7.3.9.6 Closed stirrups shall be anchored with 135°
standard hooks.

7.3.9.7 When flanged sections are used, in accordance
with 7.3.7.7, closed stirrups and longitudinal bars shall be
provided also in the overhanging parts of the flanges which
have been considered in determining 4, andA,,.

7.3.10 Design of torsion reinforcement

7.3.10.1 When required by 7.3.7.2 torsional reinforce-
ment consisting of closed stirrups perpendicular to the axis
of the member and longitudinal bars distributed symmetri-
cally around the section shall be provided in addition to the
reinforcement required to resist the shear, flexure, and
axial forces acting in combination with the torsion.

7.3.10.2 The provisions of this Clause apply to prestres-
sed concretemembers,provided that the value of v, used in
determining the area of shear reinforcement shall not
exceed 0.17 \/_fc'; unless special studies are made.
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7.3.10.3 The required area of closed stirrups shall be
computed by

_ViloS

fy

t (Eq. 7-21)

7.3.10.4 The required area of longitudinal bars dis-
tributed symmetrically around the section shall be com-
puted by

_titoPo

Iy

(Eq. 7-22)

7.3.10.5 In the flexural compression zone of a member
the area of longitudinal torsion steel required may be re-
duced by an amount equal to M,[0.9 dfy, where M, is the
design moment at the section acting in"combination with
7,

7.3.11 Shear friction

7.3.11.1 Provisions of 7.3.11 may be applied where it is
appropriate to consider shear transfer across a given plane
such as an existing or potential crack, an interface between
dissimilar materials, or an interface between two concretes
cast at different times.

7.3.11.2 A crack shall be assumed to occur along the
shear plane, with relative displacement along the assumed
crack resisted by friction maintained by shear-friction re-
inforcement across the assumed crack. Shear-friction rein-
forcement shall be placed approximately perpendicular to
the assumed crack.

7.3.11.3 The required area of shear friction reinforce-
mentAvf shall be computed from

gy =L (Eq. 723)
" pus, '

where M is coefficient of friction in accordance with
7.3.11.5.

7.3.11.4 Shear stress v; shall not exceed 0.2 fg nor
6 MPa,

7.3.11.5 Coefficient of friction pu in eq. 723 shall be:

(@) Concrete placed monolithically or placed against
previously hardened concrete where the interface for
shear transfer is clean, free oflaitance, and intention-
ally roughened to a full amplitude of not less than
S mm . . .14

(b) Concrete placed against hardened concrete, where the

interface is free of laitance and roughened to a full

amplitude of less than 5 mm but more than 2 mm 1.0

(c) Concrete placed against as-rolled structural steel in
accordance with 7.3.11.9, or hardened concrete free
of laitance 0.7

7.3.11.6 Design yield strength of shear-friction rein-
forcement shall not exceed 415 MPa,
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7.3.11.7 Direct tension across the assumed crack shall
be provided for by additional reinforcement.

7.3.11.8 Shear-friction reinforcement shall be well
distributed across the assumed crack and shall be adequat-
ely anchored on both sides by embedment, hooks, or weld-
ing to special devices. All vertical reinforcement within the
effective section, resisting flexure and axial load and cross-
ing the potential sliding plane, may be included in deter-
miningAVf.

7.3.11.9 When shear is transferred between as-rolled
steel and concrete, steel shall be clean and free of paint.

7.3.12 Special provisions for deep beams

7.3.12.1 The following definitions and limitations apply
to the interpretation of the shear provisions for deep beams:
(a) The principal load, defined in 7.3.12.2 is located so
that a/d is less than 2, where a is the shear span
defined by 7.3.12.3
(b) When no principal load is supported, or when portions
of beams support distributed loads and the distance
{¢, between the point of zero shear and the support,
as defined in 7.3.12.4, is less than three times the
effective depth d
(¢) Load is applied to the top face of the beam which is
supported on its bottom face
(d) For beams loaded by members framing into the sides,
the load may be assumed to be applied at the top of
the supported member provided that reinforcement
satisfying 7.3.6.9 is provided
(e) Beams supported on members framing into the sides
may be assumed to be supported at the level of the
bottom of the supporting member.

7.3.12.2 For a given shear span, a, the principal load is
a concentrated load which causes 50% or more of the shear
at the support or the deep beam.

7.3.12.3 Shear span, a, shall be taken as the distance
from the centre of the principal load to the centre of the
support but not more than 1.15 times the clear distance
from the face of the load to the face of the support.

7.3.12.4 Distance & shall be taken as the distance from
the point of zero shear to the centre of the support but not
more than 1.15 times the clear distance from the point of
zero shear to the face of the support.

7.3.12.5 Shear strength of deep beams shall be based on
the principles that:

(a) Total shear strength consists of the sum of the con-
tributions of the ideal shear stress provided by the
concrete, v, and of the vertical and the horizontal
shear reinforcement

(b)  Stress limits of 7.3.11.4 are not exceeded

NZS 3101 : Part 1 : 1982
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7.3.12.6 Shear strength of deep beams supporting prin-
cipal loads in accordance with 7.3.12.1 (a) shall be deter-
mined as follows:
(a) Shear force resulting from factored load on the beam,
Vy» shall be computed at /2 and the shear reinforce-
ment required at this section shall be used throughout
the entire span

(b)

Ideal shear stress v, shall be computed from

ve = vy (29) (Bq. 7-24)
a

and {rom eq. 7-3. The value of v, need not be taken
less than vy,

Area of vertical and horizontal shear reinforcement
shall be computed from

(©)

A A
Dy
s d 2 8§y

g)=(v,-~vc)bw
d fy

with the value of a/d not taken larger than 3/2.

[N [

(Eq. 7-25)

7.3.12.7 Shear strength of deep beams not supporting
principal load and of beams loaded with distributed load in
the shear span, in accordance with 7.3.12.1 (b), shall be
determined as follows:
(a)  Shear force resulting from factored load on the beam,
V,, shall be computed at distance /3 from face of
support and the shear reinforcement required at this
section shall be used throughout the entire span

(b)

Shear stress v, shall be computed from

Ve = V) (3;21)

and from eq. 7-3. The value of v, need not be taken
less than vy,

(Eq. 7-26)

Areas of vertical and horizontal shear reinforcement
shall be computed from

Ap2% 1\ Apnf3 2% i —ve) by,
.S_-(.?’_d— 2— + ; 5_3—[1 = T(Eq 7—27)

with the value of &/d not taken larger than 9/4.

(©)

7.3.12.8 The area of shear reinforcement, A,, perpen-
dicular to the main reinforcement of deep beams shall not
be less than that required by 7.3.4.3 and the horizontal
spacing, s, shall not exceed d/4 or 450 mm.

7.3.12.9 In deep beams having spans such thata/d is less
than 2 or &/d is less than 3, the area of horizontal shear
reinforcement, 4, shall not be less than

bys
App = 0.35f—2 (Eq. 7-28)

and the spacing s, shall not exceed d/3 or 400 mm.
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7.3.13 Special provisions for brackets and corbels

7.3.13.1 Provisions of 7.3.13 apply to brackets and
corbels having a shear-span-to-depth ratio, a/d of unity or
less, which are subjected to a design horizontal tensile force
Ny, less than or equal to the design shear force V. The dis-
tance d shall be measured at a section adjacent to the face
of the support,

7.3.13.2 The reinforcement A, ¢ required to resist the
factored shear V, by friction shall’be calculated using the
design provisions of 7.3.11.

7.3.13.3 Design of main tension reinforcement shall be
as follows:

(a) The section adjacent to the face of the support shall
be designed to resist simultaneously a factored shear
force V,, a factored horizontal tensile force Ny anda
factored moment M;, about the main tension rein-
forcement, where M), shall be computed by
My, = Vya+Ny(h-d) (Eq. 7=29)

(b) The reinforcement A{r required to resist the factored

moment shall be calculated using the provisions of
6.3.1

(c) The area of reinforcement A, required to resist the
factored tensile force NV, shall be computed by

r
n All

Ay = QS}Ty (Eq. 7-30)

where ¢ = 0.85. The design tensile force V,, shall not
be taken as less than 0.2 V,, unless special provisions
are made to avoid tension forces due to restrained
shrinkage and creep, so that the member is subject to
shear and moment only. The tensile force N,, shall be
regarded as a live load even when it results from
creep, shrinkage, or temperature change

(d) The area of main tension reinforcement Ay shall be
made equal to (4., + Ag) or (2Avf/3 + Ay), which-
ever is greater

(¢) The ratio
p = Ag/(bd) shall be not less than 0.04 (fc'/fy)

(f)  The main tension reinforcement shall be anchored as
close to the outer face of the corbel as cover require-
ments permit, by welding a bar of equal diameter
across the ends of the main reinforcing bars, or by
some other means of positive anchorage. The bearing
areaof the load shall not project beyond the straight
portion of the bars forming the main tension rein-
forcement,

7.3.13.4 Closed stirrups or ties parallel to the main ten-
sion reinforcement, having a total cross-sectional area 4,
not less than 0.50 @y —Ap), orad,/3s shall be uniformly
distributed within two-thirds of the effective depth adjacent

to the main tension reinforcement, where @ is the shear
span.

7.3.13.5 Depth of the corbel or bracket at the outside
edge of the bearing area shall be not less than one-half the
effective depth of the corbel or bracket at the section ad-
jacent to the face of the support.

7.3.14 Special provisions for walls

7.3.14.1 Design for shear forces perpendicular to face of
wall shall be in accordance with provisions for slabs in
7.3.15. Design for horizontal shear forces in plane of wall
shall be in accordance with 7.3.14.2 to 7.3.14.9.

7.3.14.2 Design of horizontal section for shear in plane
of wall shall be based on 7.3.1.1 and 7.3.1.2, where shear
stress v, shall be in accordance with 7.3.14.5 or 7.3.14.6
and shear reinforcement shall be in accordance
with 7.3.14.9.

7.3.14.3 Shear stress v; at any horizontal section for
shear in plane of wall and based on the minimum net wall
thickness shall not be taken greater than 0.2 fé or 6 MPa.

7.3.14.4 For design for horizontal shear forces in plane
of wall, d shall be taken as equal to 0.8 ¢,,. A larger value
of d, equal to the distance from extreme compression fibre
to centre of force of all reinforcement in tension, may be
used when determined by a strain compatibility analysis.

7.3.14.5 Unless a more detailed calculation is made in
accordance with 7.3.14.6, shear stress v, shall not be taken
greater than 0.2+/f7 for walls subject to P, in compression,
or v, shall not be taken greater than

P
ve = 02 (VR +A_“) (Eq. 7-31)
&g

for walls subject to P, in tension, in which case Py, is nega-
tive in eq. 7.31.

7.3.14.6 Shear stress v, may be computed by equations
7.32 and 7.33 where v, shall be the lesser of eq. 7-32 or
eq. 7-33.

Pu
= 027/ +-* Eq. 7-32
Ve fe 4d, (Eq )
or 0 g e
w01 \/T; +0.2 4
be = 0.05y/ 5+ T & ... (Eq. 7-33)
v, 2

where P, is negative for tension. When (M,/V,, — 9,,/2)
is negative, eq. 7.33 shall not apply.

7.3.14.7 Sections located closer to wall base than a
distance £,,/2 or one-half the wall height,whichever is less,
may be designed for the same v, as that computed at a
distance £,,,/2 or one-half the height.

7.3.14.8 lrrespective of whether total shear stress v is
more or less than v,/2, reinforcement shall be provided in
accordance with 7.3.14.9,
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7.3.14.9 Design of shear reinforcement for walls shall
satisfy the following requirements:
(a) Where total shear stress v; exceeds shear stress v,
horizontal shear reinforcement shall be computed
from
(i —vp) b“,vz

: (Eq. 7-34)
.-!_]Jk

Ay =

where A, is the area of horizontal shear reinforce-
ment within a distance s,
(b) TIrrespective of the requirements of 7.3.14.9 (a) area
of horizontal shear reinforcement in a wall shall not
be less than

Ay =— .« o« . . . (Eq73%)

Spacing of horizontal shear reinforcement s, shall
not exceed 8,,,/5, 3h, nor 450 mm

(d) Ratio p, of vertical reinforcement area to gross con-
crete area of horizontal section shall not be less than
0.7/

(e) Spacing of vertical shear reinforcement s, shall not
exceed £,,,/3, 3k, nor 450 mm.,

7.3.15 Special provisions for slabs and footings

7.3.15.1 Shear strength of slabs and footings in the
vicinity of concentrated loads or reactions is governed by
the more severe of two conditions:

Beam action for slab or footing, with a critical section
extending in a plane across the entire width and lo-
cated at a distance d from face of concentrated load
or reaction area. For this condition, the slab or foot-
ing shall be designed in accordance with 7.3.1 to
7.3.6

)

Two-way action for slab or footing, with a critical
section perpendicular to plane of slab and located so
that its perimeter b, is a minimum, but need not
approach closer than d/2 to perimeter of concen-
trated load or reaction area. For this condition, the
slab or footing shall be designed in accordance with
7.3.15.2t0 7.3.15.5

(®)

7.3.15.2 Design of slab or footing for two-way action
shall be based on

V.

b = (Eq. 7-36)

i
v b,d
where shear stress v; shall not be taken greater than shear
stress v, given by eq. 7-37, unless shear reinforcement is
provided in accordance with 7.3.15.3 or 7.3.15.4.

v, = 017 (1+2B)V T (Eq. 7-37)
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but not greater than 0.33 /7. B, is the ratio of short side
to long side of concentrated load or reaction area and by, is
perimeter of critical section defined in 7.3.15.1 (b).

7.3.15.3 Shear reinforcement consisting of bars or wires
may be used in slabs and footings in accordance with the
following provisions:
(a) Required total shear strength shall be provided in
accordance with 7.3.1.2. Shear stress v, shall be in
accordance with 7.3.15.3 (d) and shear reinforcement
shall be provided as required by 7.3.15.3 (e)

Shear stress v; shall not be taken greater than 0.5 \/f7

where b, is perimeter of critical section defined in
7.3.15.1 (b)

Shear strength shall be investigated at the critical
section defined in 7.3.15.1 (b) and at successive
sections more distant from the support

(d) Shear stress v, at any section shall not be taken
greater than 0.17 \/TCr, taking b,, as the perimeter of
critical section defined in 7.3.15.1 (b)

(¢) Where ideal shear stress v; exceeds shear stress v, as
given in 7.3.15.3 (d), required area 4,, of shear rein-
forcement shall be calculated in accordance with
7.3.6 and anchored in accordance with 5.4.3.2.

7.3.15.4 Shear reinforcement consisting of steel I or
channel shapes (shearheads) may be used in slabs. Pro-
visions of this Clause shall apply where shear is transferred
at interior column supports. Where shear is transferred at
edge or comner column supports, special designs are required:
(a) Each shearhead shall consists of steel shapes fabri-
cated by welding into four identical arms at right
angles. Shearhead arms shall be continuous through
the column section
(b) Shearhead shall not be deeper than 70 times the web
thickness of the steel shape
(c) Ends of each shearhead arm may be cut at angles not
less than 30° with the horizontal, provided the plastic
moment strength of the remaining tapered section is
adequate to resist the shear force attributed to that
arm of the shearhead
(d) All compression flanges of steel shapes shall be lo-
cated within 0.3 d of compression surface of slab

Ratio o, between the stiffness for each shearhead arm
and that for surrounding composite cracked slab
section of width (¢, * d) shall not be less than 0.15
(f) Plastic moment strength Mp, required for each arm of
the shearhead shall be computed by

oM

o+ Pl 5]

where ¢ is strength reduction factor for flexure and
9, is minimum length of each shearhead arm required
to comply with requirements or 7.3.15.4 (g) and (h)

_Yu
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(g) Critical slab section for shear shall be perpendicular
to plane of slab and shall cross each shearhead arm
three-quarters the distance [%, — (¢;/2) | from

column face to end of shearhead arm. Critical section
shall be located so that its perimeter b, is a mini-
mum, but need not approach closer than d/2 to
perimeter of column section

()  Shear stress v; shall not be taken greater than 0.33+/7,
on the critical section defined in 7.3.15.4 (g). When
shearhead reinforcement, is provided, shear stress y;
shall not be taken greater than 0.6 \/Tcron the critical
section defined in 7.3.15.1(b)

(i) A shearhead may be assumed to contribute a moment
resistance M, to each slab column strip computed by

dayVy ¢y
My =5 \"75

where ¢ is the strength reduction factor for flexure
and & is the length of each shearhead arm actually
provided. However, M, shall not be taken larger than
the smaller of:

(Eq. 7-39)

(1) 30% of total factored moment required for
each slab column strip

(2) Change in column strip moment over length ¢,
(3) Value of My, computed by eq. 7-38.

7.3.15.5 When openings in slabs are located at a
distance less than 10 times the slab thickness from a con-
centrated load or reaction area, or when openings in flat
slabs are located within column strips as defined in Section
11, the critical slab section for shear defined in 7.3.15.1 (b)
and 7.3.15.4 (g) shall be modified as follows:

(a) For slabs without shearheads, that part of the peri-
meter of the critical section that is enclosed by
straight lines, projecting from the centroid of the load
or reaction area, and tangent to the boundaries of the
openings, shall be considered ineffective

(b) For slabs with shearheads, the ineffective portion of
the perimeter shall be one-half of that defined in (a).

7.3.16 Transfer of momentis to columns

7.3.16.1 When gravity load, wind, earthquake or other
lateral forces cause transfer of moment at connections of
framing elements to columns, shear resulting from moment
transfer shall be considered in design of shear reinforcement
in the joint.

7.3.16.2 The following special provisions for slabs
apply:

(a) When gravity load, wind, earthquake or other lateral
forces cause transfer of moment between slab and
column, a fraction of the unbalanced moment shall

be transferred by eccentricity of shear in accordance
with 7.3.16.2 (c) and (d)

(b) Fraction of unbalanced moment not transferred by
eccentricity of shear shall be transferred by flexure in
accordance with 11.3.5

(¢) A fraction of the unbalanced moment given by
1

’YV =1- "’.{:'...I__+ ur‘ .
1+2/3 x/(fi 4-‘3)

shall be considered transferred by eccentricity of
shear about centroid of a critical section perpendicu-
lar to plane of slab and located so that its perimeter is
a minimum, but need not approach closer than d/2 to
perimeter of column

. - . (Eq. 7-40)

(d) Shearstresses resulting from moment transfer by eccen-
tricity of shear shall be assumed to vary linearly about
centroid of critical section defined in 7.3.16.2 (c).
Maximum total shear stress due to factored shear
forces and moments shall not exceed 0.17 (1 +Qﬁc)\/fg
nor 0.33V/f}

(e) When unbalanced gravity load, wind, earthquake or
other lateral forces require a bending moment to be
transferred between slab and column which exceeds
the value allowed by 7.3.16.2 (c) the connection may
be strengthened by shear reinforcement designed
using a beam analogy for the strength of the slab.

7.4 Principles and requirements additional to 7.3 for
members not designed for seismic loading

7.4.1 Transfer of moments to columns. Lateral rein-
forcement not less than that required by eq. 7-12 shall be
provided within connections of framing clements to col-
umns, except for connections not part of a seismic load-
resisting system that are restrained on four sides by beams
or slabs of approximately equal depth.

7.5 Principles and requirements additional to 7.3 for
members designed for seismic loading

7.5.1 Shear strength

7.5.1.1 The design shear in members subjected primarily
to flexure shall be determined from considerations of static
transverse forces on the member, with the flexural over-
strength being developed at the most probable location of
critical sections within the member or in adjacent members,
and the gravity load with the appropriate load factor.

7.5.1.2 The design shear force in members subjected to
combined flexure and axial load shall be determined from
considerations of static forces on the member, with a
rational adverse combination of the maximum likely end
moments.

7.5.2 Shear strength provided by concrete

7.5.2.1 In beams subjected to flexure, shear stress v,
shall be assumed to be zero for any seismic load combi-

nation in all regions where stirrup ties are required in accor-
dance with 6.5.3.3.
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7.5.2.2 In beams and columns subjected to flexure,
axial load and shear, stress v, in the end regions, defined in
7.5.3.2, shall be taken zero unless the design axial compres-
sion, P, produces an average stress of not less than 0.1 e
over the gross concrete area, in which case

/P,
v, = 4y - - 0.1
c b "'lgf;

7.5.3 Shear reinforcement details

(Eq. 7-41)

7.5.3.1 In members subjected to flexure and axial load
the transverse reinforcement shall satisfy the requirements
of 7.3.1.2 and 7.3.6 for shear resistance, and in end regions
also the requirements of 6.5.3.3 and 6.5 4.

7.5.3.2 The end region of a member, where in accor-
dance with 7.5.2, the limitations of shear stress v, apply,
shall not be less than:
(a) The depth of member in the plane in which a frame
resists the earthquake forces under consideration

(b) One-sixth of the clear span or height of the member

(¢) 450 mm.

7.5.4 Design of shear reinforcement

7.5.4.1 With the limitations of 7.5.2 on shear stress v,
all requirements of 7.3.6 apply.

7.5.4.2 At critical sections of potential plastic hinge
regions of flexural members, where due to reversed seismic
load the top and bottom flexural reinforcement may be
subjected to tensile yielding, the following requirements
shall also be satisfied:
(a) Unless the conditions of 7.5.4.5 are satisfied total
shear stress shall not exceed 0.9/ /%

When the total shear stress exceeds 0.3 (2 + r) \/,_fé-,
diagonal shear reinforcement shall be provided across
the web in the plastic hinge in one or both directions
to resist the shear force

Vii = 0.7( ;c’ +0.4)(—r) Vi......(Eq 742)

where, by taking into account the sense of the shear
forces resulting from the two directions of earthquake
loading, V,; need only be considered when

(b)

—1<r<-02
(¢) A plastic hinge shall be assumed to extend to a dis-
tance of not less than d from the face of the support
or from a similar cross-section where maximum
yielding due to reversed loading can be expected
(d) Only the diagonal reinforcement acting in tension
may be included in accordance with 7.3.6.4, when
the shear reinforcement to prevent diagonal tension
failure in the plastic hinge region is determined.
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7.5.4.3 Rational analysis must show that the shear resis-
tance, V;, in accordance with 7.5.4.2, at each cross-section
of the potential plastic hinge zone is provided by the trans-
verse component of the inclined steel forces only. When
diagonal bars cross a section in two directions, the trans-
verse components of the diagonal tension and compression
steel forces may be considered together.

7.5.4.4 The requirements of 7.5.4.2 do not apply to
members in which the minimum axial compression stress on
the gross concrete area, associated with the maximum shear
on the member, is more than O.IOfC;

7.5.4.5 Total shear stress v; may exceed 0.9 \/_fc"— if
the entire load on the member is resisted by diagonal re-
inforcement.

7.5.5 Special provisions for earthquake resisting walls
and diaphragms

7.5.5.1 In the evaluation of shear strength of earthquake
resisting walls the general requirements of 10.5.5 shall also
be satisfied.

7.5.5.2 In end regions of shear walls, defined in 10.5.5.3,
shear stress v, shall not be taken larger than

P,

v = 06_/— (Eq. 7-43)
Ag

and the total shear stress v; shall not exceed

v =(03¢,8+016) VT . . . . (Eq. 7-44)

7.5.5.3 Ratio of py of horizontal shear reinforcement
to gross concrete area of vertical wall section shall not be
less than

4[4V, f
h=§[u ﬂpn_v_c]
My fyh f})h

unless it is shown that yielding of the horizontal shear
reinforcement cannot occur before the development of the
ideal flexural strength of the wall section. The reinforce-
ment ratio g, in eq. 7-45 need not be taken larger than the
value that would result in the ideal flexural strength of the
wall corresponding with § = 4. The reinforcement ratio g,
refers to the critical wall region only where yielding of the
vertical reinforcement due to flexure may be expected.

.. . (Eq.7-45)

7.5.54 In the cvaluation of shear strength of precast
elements with cast insitu reinforced concrete topping,
used also for diaphragm action, the requirements of
10.5.6.6 shall also be considered.

7.5.5.5 In coupling beams of ductile coupled shear wall
structures the arrangement of reinforcement shall be in
accordance with the shear stress limitations of 10.5.7.2.

7.5.6 Openings in the web
7.5.6.1 Adjacent openings for services in the web of

flexural members shall be arranged so that potential failure
planes across such openings cannot occur.
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7.5.6.2 Small square or circular openings may be placed
in the mid-depth of the web provided that cover require-
ments to longitudinal and transverse reinforcement are
satisfied, and the clear distance between such openings,
measured along the member, is not less than 150 mm. The
size of small openings shall not exceed 1000 mm? for mem-
bers with an effective depth less than or equal to 500 mm,
or 0.004 d* when the effective depth is more than 500 mm.

7.5.6.3 Webs with openings larger than that permitted
by 7.5.6.2 shall be subject to rational design to ensure that
the forces and moments are adequately transferred in the
vicinity of the openings.

7.5.6.4 Whenever the largest dimension of an opening
exceeds one quarter of the effective depth of the member it
is to be considered large. Such openings shall not be placed
in the web where they could affect the flexural or shear
capacity of the member, nor where the total shear stress
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exceeds 0.4 v/ f. , or in potential plastic hinge zones. In no
case shall the height of the opening exceed 0.4 d nor shall
its edge be closer than 0.33 d to the compression face of
the member.

7.5.6.5 For openings defined by 7.5.6.4, longitudinal
and transverse reinforcement shall be placed in the compres-
sion side of the web at one side of the opening to resist one
and one-half times the shear and moment generated by the
shear across the opening. Shear transfer in the tension side

of the web on the other side of the opening shall be neglec-
ted.

7.5.6.6 Transverse web reinforcement, extending over
the full depth of the web, shall be placed adjacent to both
sides of a large opening over a distance not exceeding one
half of the effective depth of the member to resist twice the
entire design shear across the opening.
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8 COMPOSITE CONCRETE FLEXURAL MEMBERS

8.1 Notation
b, the width of the cross-section being investigated for
horizontal shear, mm
d distance from extreme compression fibre to centroid
of tension reinforcement, mm
vy design horizontal shear stress at any cross-section, MPa
vy, permissible horizontal shear stress, MPa
V;  ideal shear strength of section, N
V,, factored shear force at section, N
¢ strength reduction factor. Sec 4.3.1.2.
8.2 Scope

8.2.1 Provisions of this Section apply for design of
composite concrete flexural members defined as precast or
cast-in-place concrete elements constructed in separate
placements but so interconnected that all elements respond
to loads as a unit,

8.2.2 All provisions of this Code shall apply to compo-
site concrete flexural members, except as specifically modi-
fied in this Section.

8.3 General principles and requirements
8.3.1 General considerations

8.3.1.1 An entire composite member or portions there-
of may be used in resisting shear and moment.

8.3.1.2 Individual elements shall be investigated for all
critical stages of loading.

8.3.1.3 If the specified strength, unit weight, or other
properties of the various elements are different, properties
of the individual elements or the most critical values shall
be used in design.

8.3.1.4 1In strength computations of composite mem-
bers, no distinction shall be made between shored and un-
shored members.

8.3.1.5 All elements shall be designed to support all
loads introduced prior to full development of design strength
of composite members.

8.3.1.6 Reinforcement shall be provided as required to
control cracking and to prevent separation of individual
elements of composite members.

8.3.1.7 Composite members shall meet requirements
for control of deflections in accordance with 4.4.1.

8.3.2 Shoring. When used, shoring shall not be re-
moved until supported elements have developed design
properties required to support all loads and limit deflec-
tions and cracking at time of shoring removal.
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8.3.3 Vertical shear

8.3.3.1 When an entire composite member is assumed
to resist vertical shear, design shall be in accordance with
requirements of Section 7 as for a monolithically cast
member of the same cross-sectional shape.

8.3.3.2 Shear reinforcement shall be fully anchored
into interconnected elements in accordance with 6.4.4 and
6.5.3.3.

8.3.3.3 Extended and anchored shear reinforcement
may be included as ties for horizontal shear.

8.3.4 Horizontal shear

8.3.4.1 In a composite member, full transfer of hori-
zontal shear forces shall be assured at contact surfaces of
interconnected elements.

8.4 Prnciples and requirements additional to 8.3 for
members not designed for seismic loading

8.4.1 Horizontal shear

8.4.1.1 Full transfer of horizontal shear forces may be
assumed when all of the following are satisfied:
(a) Contact surfaces are clean, free of laitance, and in-
tentionally roughened to a full amplitude of approxi-
mately 5 mm,

(b) Minimum ties are provided in accordance with 8.4.2;

(c) Web members are designed to resist total vertical
shear; and

(d) All shear reinforcement is fully anchored into all

interconnected elements.

8.4.1.2 If all requirements of 8.4.1.1 are not satisfied,
horizontal shear shall be investigated in accordance with
8.4.1.4 0r 84.1.6.

8.4.1.3 The horizontal shear stress vy may be calcu-
lated at any cross-section as

Vi
vdh:bv—d

in which d is for the entire composite section.

(Eq. 8-1)

8.4.1.4 The design shear force may be transferred at
contact surfaces using the permissible horizontal shear
stresses vy, as follows:

(a) When ties are not provided, but the contact surfaces
are clean and intentionally roughened, permissible
vy, =0.55 MPa

(b) Where the minimum tie requirements of 8.4.2 are

provided and the contact surfaces are clean but not
intentionally roughened, permissible vy, = 0.55 MPa
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(¢) When the minimum tie requirements of 8.4.2 are
provided and the contact surfaces are clean and inten-
tionally roughened, permissible v, = 2.4 MPa

(d) When vy, exceeds 2.4 MPa, design for horizontal

shear shall be made in accordance with 7.3.11.

8.4.1.5 When tension exists perpendicular to any sur-
face, shear transfer by contact may be assumed only when
the minimum tie requirements of 8.4.2 are satisfied.

8.4.1.6 Horizontal shear may be investigated by com-
puting the actual compressive or tensile force in any seg-
ment, and provisions made to transfer that force as horizon-
tal shear to the supporting element. The design or factored
horizontal shear stress in this case shall not exceed the per-
missible stresses given by 8.4.1.4 (a) to (d) inclusive.

8.4.1.7 In bridge superstructures the minimum tie
requirements of 8.4.2 or more shall always be provided, and
the contact surfaces shall always be intentionally roughened.

8.4.2 Ties for horizontal shear

8.4.2.1 When vertical bars or extended stirrups are used
to transfer horizontal shear, the tie area shall not be less
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than that required by 7.3.6 and the spacing shall neither ex-
ceed four times the least dimension of the supported ele-
ment nor 600 mm.

8.4.2.2 Ties for horizontal shear may consist of single
bars, multiple leg stirrups, or the vertical legs of welded
wire fabric. All ties shall be fully anchored into the com-
ponents in accordance with 5.4.3 and 5.5.6.

8.4.3 Intentional roughness. Intentional roughness
may be assumed only when the contact surface is rough-
ened, clean, and free of laitance. When using 8.4.1.4 (c) and
8.4.1.4 (d) the roughness shall have a full amplitude of
approximately S mm.

8.5 Principles and requirements additional to 8.3 for
members designed for seismic loading

8.5.1 General. Where composite members are required
to resist flexural loading the provisions of this Code shall
apply. In particular shear reinforcing shall be provided in
accordance with 7.5.1 to 7.5.4 inclusive,

8.5.2 Diaphragm action. Where diaphragm action is
required through cast in situ topping the requirements of
10.5.6.6 shall be satisfied.
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9 BEAM-COLUMN JOINTS

9.1 Notatjon

3 of the Copyright Act 1994.

Veo1 horizontal shear force across a column, N

ideal horizontal joint shear strength provided by con-
crete shear resisting mechanism only, N

N
=

Vep ideal vertical joint shear strength provided by con-
crete shear resisting mechanism only, N

th total horizontal shear force across a joint, N

Vjv total vertical shear force across a joint, N

V.. total horizontal joint shear force in x direction, N
Vjz total horizontal joint shear force in z direction, N

Ve, ideal horizontal joint shear strength provided by
horizontal joint shear reinforcement, N

Vg ideal vertical joint shear strength provided by vertical
joint shear reinforcement, N

Ag  pross area of section, mm?
'SE\A]'II total area of effective horizontal joint shear reinforce-
2 ment, mm?
o N
§A]-V total area of effective vertical joint shear reinforce-
é ment, mm?
ﬁAS area of non-prestressed tension beam reinforcement,
S mm?
8 . inf
sA; area of non-prestressed compression beam reinforce-
% ment, mm?
4 . . .
£Ag. area of non-prestressed tension reinforcement in one
- face of the column section, mm?
2 N . N
SA{. area of non-prestressed compression reinforcement in
% one face of the column section, mm?
ébc overall width of column, mm
° . . P
= b]- effective width of joint, mm
(2]
2by, web width of beam, mm
<
Se. Vi
%C]- V.l + V;
Z Xt ryz
o
Se eccentricity between the centre lines of the webs of a
2 beam and a column at a joint, mm
c
o i . .
< f,  specified compressive strength of concrete, MPa
c
e specified yield strength of non-prestressed reinforce-
sfy sp y g P
’;‘ ment, MPa
<)
Zh depth of beam, mm
% b P )
° v
8 h, overall depth of column in the direction of the hori-
8 zontal shear to be considered, mm
(%]
§P,; force after all losses in prestressing steel passing
= through a joint, N
S
2 P,  design axial load in compression with given eccen-
E tricity due to gravity and seismic loading acting on
c the member during an earthquake, N
2 : . A : .
s P, design axial compression column load including ver-
8 tical prestressing where applicable occurring simul-
< taneously with th, N
o
% Vin nominal horizontal shear stress in joint core, MPa
B
©
©
e
8
0
o
£
ks
=4
©
o
>
c
©
[
5
2
2
©
5
Q
o
=}
°
o
I
o
=
©
i
E
[
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¢  strength reduction factor:
1.0 where joint forces are derived from overstrength
member actions, or 0.85 in other cases

9.2 Scope

9.2.1 Provisions of this Section apply to design of beam-
column joints subject to shear induced by gravity or earth-
quake loads or both. Design for shear in slab-column
connections is to be in accordance with 7.3.15 and 7.3.16.

9.3 General principles and requirements

9.3.1 Beam-column joints shall satisfy the following
criteria:

(a) A joint shall perform under service loads at least as
well as the members that it joins

(b) A joint shall have a dependable strength sufficient to
resist the most adverse load combinations sustained
by the adjoining members, as specified by the approp-
riate loadings code, several times where necessary.

9.4  Principles and requirements additional to 9.3 for
joints not designed for seismic loadings

9.4.1 General. Provisions in this Clause 9.4 applv to
beam-column joints where gravity load actions govern. If
the joint is also subject to seismic load reversals it shall be
checked for compliance with the provisions of 9.5.

9.4.2 Design forces. The design forces acting on a beam
-column jointshall be evaluated from the maximum stresses
generated by all members meeting at the joint, subjected to
the most adverse combination of loads as required by the
appropriate loadings code, with the joint in equilibrium. At
columns of two-way frames, where beams frame into the
joint from two directions, these forces need only be con-
sidered in each direction independently.

9.4.3 Strength reduction factor. In determining the
shear strength of the joint the value of the strength reduc-
tion factor ¢ shall be 0.85.

9.4.4 Maximum permissible horizontal stress. The‘
nominal horizontal shear stress in the joint shall not exceed
that specified in 9.5.3.2.

9.4.5 Design principles. The joint shear shall be assumed
to be resisted by a concrete mechanism plus a truss mechan-
ism, comprising horizontal and vertical stirrups or bars and
diagonal concrete struts, in accordance with 9.4.6 and 9.4.7,
except that corner joints of portal frame structures and
in other appropriate applications joints may be detailed by
rational analysis so that shear forces are transferred by an
acceptable mechanism and so that anchorage of the flexural
reinforcement within the joint is assured.
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9.4.6 Horizontal joint shear reinforcement. The hori-
zontal design shear force to be resisted by the horizontal
joint shear reinforcement shall be

_ Vi
Von = ¢7 Ven : e (Eq.9-1)
where Gy
Vep = 0.5 V}'h 1+ 0-4Agfz- . . (Eq.9-2)

except that in joints where the overall depth of the column,
he, is at least two times the overall depth of the beam, &y,
V.j, need not be taken less than

Ve = 02bihe N o . . .

(Eq. 9-3)

The area of horizontal shear reinforcement shall be deter-
mined in accordance with 9.5.4.3.

9.4.7 Vertical joint shear reinforcement. The vertical
design shear force to be resisted by the vertical joint shear
reinforcement shall be

Vi

Vo = Vo o (Eq. 9-4)
¢

where

14 =il’s—cV <O6+Cqu> (Eq. 9-5)

cv o (0. . . 9-
Age T\ Agf, 4

except that V,, need not be taken less than

Ve = 02bihy g (Eq. 9-6)

The area of vertical shear reinforcement shall be determined
in accordance with 9.5.5.3 and 9.5.5 4.

9.4.8 Confinement. The horizontal transverse confine-
ment reinforcement in beam-column joints shall not be
less than that required by 6.4.7, with the exception of
joints connecting beams at all four column faces in which
case the transverse joint reinforcement may be reduced to
one half of that required in 6.4.7, but in no case shall the
stirrup-tie spacing in the joint core exceed ten times the
diameter of the column bar or 200 mm, whichever is less.

9.5 Principles and requirements additional to 9.3 for
joints designed for seismic loading

9.5.1 General. Special provisions are made in this
Section for beam-column joints that are subjected to
forces arising as a result of inelastic lateral displacements of
ductile frames. Joints must be designed in such a way that
the required energy dissipation occurs in potential plastic
hinges of adjacent members and not in the joint core region.

9.5.2 Design forces

9.5.2.1 The design forces acting on a beam-column joint
core shall be evaluated from the maximum stresses gener-
ated by all the members meeting at the joint in equilibrium.
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The forces shall be those induced when the overstrengths of
the beam or beams are developed, except in cases when a
column is permitted to be the weaker member. At columns
of two-way frames, where beams frame into the joint from
two directions, these forces need only be considered in each
direction independently,

9.5.2.2 The magnitude of the horizontal shear force,
V/'h» and the vertical shear force, Vjvx in the joint shall be
evaluated from a rational analysis taking into account the
effect of all forces acting on the joint.

9.5.3 Design assumptions

9.5.3.1 The design of the shear reinforcement in the
joint shall be based on the effective control of a potential
failure plane that extends from one edge of the joint to the
diagonally opposite edge. In determining the shear strength
of the joint the value of the strength reduction factor ¢
shall be 1.0 where design forces are derived from over-
strength member forces.

9.5.3.2 The nominal horizontal shear stress in the joint
in either principal direction, Vins shall not exceed 1.5/ fc

where
V-h
th N bj'hc (Eq' 9-7)

The effective joint width, bj, shall be taken as

(a) when b, >b,,
either b]- =D,

or b]- = by, t 0.5h,, whichever is the smaller
b) when b, <D,
either b]- = by

or b]- = b, + 0.5 h,, whichever is the smaller.

9.5.3.3 The shear strength of a joint shall be assessed as
follows:

(a) When plastic hinges could develop immediately ad-
jacent to a joint the entire shear shall be assumed to
be resisted by a truss mechanism, consisting of hori-
zontal and vertical stirrups or bars and diagonal
concrete struts, with the exception of joints where
gravity load or prestressing enable transmission of
shear by diagonal concrete compression forces, in
which case some shear may be allocated to a con-
crete mechanism alone in accordance with 9.5.4.2.

(b) For the plastic hinge conditions of 9.5.3.3 (a) di-
agonal bars, bent across the joint in one or both
directions, or other special devices, may be used if it
is shown by rational analysis or tests, or both, to the
satisfaction of the Engineer, that the shear forces
that may be induced during large inelastic defor-
mations of adjacent beams are adequately transfer-
red by an acceptable mechanism and that anchorage
of the flexural reinforcement across the joint is
assured.
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When beams are detailed so that, in accordance with
6.5.3.1 (b), plastic hinges cannot develop immediat-
ely adjacent to the joint, a larger proportion of joint
shear resistance may be allocated to the concrete
mechanism only, provided that a rational analysis is
used or the requirements of 9.5.4.2 (c) and 9.5.5 are
satisfied.

9.5.3.4 The required horizontal and vertical joint shear
einforcement shall be placed within the effective width of
e joint, defined in 9.5.3.2, relevant to each direction of
oading.

=

9.5.4 Horizontal joint shear

9.5.4.1 The horizontal design shear force to be resisted
y the horizontal joint shear reinforcement shall be

th - Ven (Eq. 9-8)
9.5.4.2 The value of V,; shall be assumed to be zero
xcept in the following cases:

<

When the minimum average compression stress on the
gross concrete area of the column above the joint,
including prestress where applicable, exceeds 0.1 fc'/Cj

2 C;'Pe fé
= £ <L = _ == [b;h.] ......(Eq.99
Ven 3 " 10 [}c] (Eq )

o
~

When beams are prestressed through the joint

Ven = 0.7P4 (Eq. 9-10)
where P, is the force after all losses in the prestres-
sing steel that is located within the central third
of the beam depth. The values of V,j, obtained from

eq. 9-9 and eq. 9-10 may be added when applicable.

(g
~

When the design precludes the formation of any
beam plastic hinges at a joint, or when all beams at
the joint are detailed so that the critical section of the
plastic hinge is located at a distance from the column
face in accordance with 6.5.3.1(b), or for external
joints where the flexural steel is anchored outside the
column core in a beam stub in accordance with 5.5.2

Gite Eq. 9-11
mLA—gZ ( q. Y- )

where the ratio Ag/Ag shall not be taken larger than
1.0.

When the axial column load results in tensile stresses
over the gross concrete area exceeding 0.2 fc'., the
entire joint shear shall be resisted by reinforcement.
For axial tension smaller than these limits the value
of V,j may be linearly interpolated between zero and
the values given by eq. 9-11 with P, taken as zero.

(=0
~

For external joints without beam stubs, where beam
bars are anchored in the joint core with at least a 90°
standard hook and in accordance with the require-
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ments of 5.5.2, V,, given by eq. 9-11 may be used
when multiplied by the ratio
% he (Ajy provided)

4 hy, (Ajv required)

the value of which shall not be taken larger than
unity. The vertical joint reinforcement required,A]-V,
shall be computed by eq. 9-16.

(¢) When the overall depth of the column, he, is at least
two times the overall depth of the beam, hy, Ven
need not be taken less than
Vep = 0.2 b]-hc\/fé S B F (Eq. 9-12)

9.5.4.3 The horizontal shear reinforcement shall be
capable of carrying the design joint shear force given by
eq. 9-8 across the corner to corner potential failure plane.
The effective total area of the horizontal reinforcement
that crosses the critical diagonal plane, determined accord-
ing to the orientation of the individual tie legs with respect
to this failure plane, that are situated within the effective
joint width, b;, shall not be less than

Vsh

£y

Horizontal sets of stirrup ties shall be placed between
the outermost layers of the top and bottom beam reinforce-
ment and shall be distributed as uniformly as practicable.
Any tie leg between bends around column bars that does
not cross the potential failure plane, or is shorter than one-
third of the dimension of the column in the appropriate
direction of action, shall be neglected.

Ajp = (Eq. 9-13)

9.5.5 Vertical joint shear

9.5.5.1 The vertical design shear force to be resisted by
the vertical joint shear reinforcement shall be

Vev

Viv = Vey (Eq. 9-14)

9.5.5.2 The value Vi shall be determined from

!

Ve = v (0.6 +_1_‘?) . . (Eq 9-15)
Age Ag A

except

(a) Where axial load results in tensile stresses over the
column section, the value ¥, shall be linearly inter-
polated between the value given by eq. 9-15 with P,
taken as zero, and zero when the axial tension over
the gross concrete area is 0.2 f7.

and

(b) Where plastic hinges are expected to form in the

column above or below a joint as part of the primary
seismic energy dissipating mechanism, but not where
elastic action is assured in the column or column stub
on the opposite side of the joint, V,, shall be ass-
umed to be zero for any axial load on the column.
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9.5.5.3 The vertical joint shear reinforcement shall con-
sist of intermediate column bars, placed in the plane of
bending between corner bars, or vertical stirrup ties or
special vertical bars, placed in the column and adequately
anchored to transmit the required tensile forces within the
joint.

9.5.5.4 The total area of vertical joint shear reinforce-
ment within the effective joint width, b;, shall not be less
than

(Eq. 9-16)

9.5.5.5 The spacing of vertical joint reinforcement in
each plane of any beam framing into a joint shall not
exceed 200 mm, and in no case shall there be less than one
intermediate bar in each side of the column in that plane.

9.5.6 Confinement

9.5.6.1 The horizontal transverse confinement re-
inforcement in beam-column joints shall not be less than
that required by 6.5.4.3 with the exception of joints con-
necting beams at all four column faces that are designed
according to 9.5.4.2 (c) in which case the transverse joint

reinforcement may be reduced to one-half of that required
in 6.5.4.3 (b), but in no case shall the stirrup tie spacing in
the joint core exceed ten times the diameter of thecolumn
bar or 200 mm, whichever is less.

9.5.7 Joints with wide columns and narrow beams

9.5.7.1 When the width of the column is larger than the
effective joint width specified in 9.5.3.2 or 9.5.8, all flexu-
ral reinforcement in the column that is required to interact
with the narrow’ beam shall be placed within the effective
joint area, bjh.. Additional longitudinal column reinforce-
ment shall be placed outside of this effective joint area in
accordance with 6.5.4.2 (c). Transverse reinforcement out-
side of the effective joint area shall be in accordance with
the confinement provisions of 9.5.6.

9.5.8 Eccentric beam-column joints

9.5.8.1 All design provisions of this section apply,
except that in the case of the eccentricity of a beam relative
to the column into which it {rames, as measured by the
distance e between the centre lines of the webs of the beam
and the column, the effective joint width, b]-, shall not be
taken larger than 0.5 (by, + b, + 0.5h,) —e.
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10 WALLS AND DIAPHRAGMS

10.1 Notation

Z Ay sum of area of individual bars, mm?

A% area of concrete core extending over the outer half
of the neutral axis depth which is subjected to com-
pression, measured to outside of peripheral hoop
legs, mm?

Ag  gross area of section, mm®

AE gross area of concrete section extending over outer
half of the neutral axis depth which is subjected to
compression, mm?

Ag area of longitudinal wall reinforcement spaced hori-
zontally at 5, mm?

Agy  total effective area of hoop bars and supplementary
cross ties in direction under consideration, within
spacing sy, mm?

A;p  area of one leg of stirrup-tie, mm?

b width or thickness of wall section, mm

¢ computed distance of neutral axis from the com-
pression edge of the wall section, mm

c.  distance of the critical neutral axis from the com-
pression edge of the wall section, mm

fc' specified compressive strength of concrete, MPa

fyh specified yield strength of hoop or supplementary
cross tie steel, MPa

h overall depth of beam, mm

h"  dimension of concrete core of section measured
perpendicular to the direction of the hoop bars to
outside of peripheral hoop, mm

%q  development length, mm

h,, total height of wall from base to top, mm

2, the clear vertical distance between floors or other
effective horizontal lines of lateral support, or clear
span, mm

9y, horizontal length of wall, mm

P;,, ideal axial load-carrying capacity of a bearing wall
designed by 10.4.2, N

Sh centre-to-centre spacing of hoop sets, mm

5 horizontal spacing of longitudinal reinforcement

along the length of a wall, mm
S structural type factor defined by NZS 4203

Vi total shear stress, MPa

Py  the ratio of vertical wall reinforcement area to unit
area of horizontal gross concrete section = ag/bs,,

¢, ratio of overstrength moment of resistance to mo-

ment resulting from code specified loading, where
both moments refer to the base section of wall

10.2 Scope. Provisions of this Section shall apply to
design of walls subjected to axial load, with or without
flexure, and to the design of diaphragms transferring in-
plane forces during earthquake loading.

NZS 3101 : Part 1 : 1982_
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10.3 General principles and requirements
10.3.1 General design principles

10.3.1.1 Walls shall be designed for any vertical or
lateral in-plane and face loading to which they may be
subjected.

10.3.1.2 Proper provisions shall be made for eccentric
loads.

10.3.1.3 Unless designed in accordance with this
Section, walls subjected to combined flexure and axial
loads shall be designed under the provisions of 6.3.1.

10.3.2 Dimenional limitations

10.3.2.1 Overall thickness of bearing walls shall not be
less than 1/25 the unsupported height or width, whichever
is shorter.

10.3.2.2 Bearing walls shall not be less than 150 mm
thick for uppermost 4 m of wall height and for each suc-
cessive 7.5 m downward (or fraction thereof), minimum
thickness shall be increased by 25 mm. Bearing walls for
two-storey dwellings may be 150 mm thick for total wall
height, provided that the compression stress over the gross

area (')f the wall due to factored axial load does not exceed
0.2f,.

10.3.2.3 Exterior basement walls and foundation walls
shall not be less than 150 mm thick.

10.3.2.4 Overall thickness of non-loadbearing wall
panels and enclosure walls shall not be less than 100 mm,
nor less than 1/30 the distance between supporting or en-
closing members.

10.3.2.5 Where bearing walls consist of studs or ribs tied
together by other reinforced concrete members at each
floor or roof level, such studs or ribs may be considered as
columns.

10.3.2.6 Length of wall to be considered as effective for
each concentrated load or reaction shall not exceed centre-
to-centre distance between loads, nor width of bearing plus
tour times wall thickness.

10.3.2.7 Limits of thickness and quantity of reinforce-
ment required by 10.3.2 and 5.3.36 respectively may be
waived where, instead of the empirical rules of 104, struc-
tural analysis or test shows adequate strength and stability.

10.3.3 Anchorage of walls. Walls shall be anchored to
floors, roofs, or columns, pilasters, buttresses, and inter-
secting walls.

10.3.4 Foundation walls

10.3.4.1 Walls designed as foundation beams shall have
top and bottom reinforcement as required for moment in
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accordance with the provisions of 6.3. Design for shear shall
be in accordance with provisions of Section 7.

10.3.4.2 Portions of foundation walls exposed above
ground also shall meet requirements of 5.3.33 and 10.3.2.

10.3.5 Ties around vertical reinforcement. Vertical wall
reinforcement need not be enclosed by lateral ties if vertical
reinforcement area is not greater than 0.01 times gross
concrete area, or wlhere vertical reinforcement is not re-
quired as compression reinforcement.

10.4 Principles and requirements additional to 10.3 for
walls not designed for seismic loading

10.4.1 Empirical design. Gravity load bearing walls may
be designed by the empirical provisions of 10.4.2 if resul-
tant of the factored axial load is located within the middle
third of the overall thickness of wall and all limits of 10.3.2
are satisfied except as provided by 10.3.2.7.

10.4.2 Axial load strength. Ideal axial load strength
Py, of a wall, within limitations of 10.4.1, shall be com-
puted by

. 2, \z
Py, = 055fcA, [1_(4_(’)’[)} ...... (Eq. 10-1)

10.5 Principles and requirements additional to 10.3 for
walls and diaphragms designed for seismic loading

10.5.1 General seismic design requirements

10.5.1.1 Cantilever walls, coupled shear walls and dia-
phragms shall be considered as integral units. The strength
of flanges, boundary members and webs shall be evaluated
on the basis of compatible interaction between these ele-
ments using rational analysis. Due allowance for openings in
components shall be made.

10.5.1.2 In the design of earthquake resisting ductile
walls, in accordance with 10.5, the requirements of 3.5.7
shall also be satisfied.

10.5.1.3 Walls with limited ductility shall be designed in
accordance with Section 14,

10.5.2 Dimensional limitations

10.5.2.1 Unless permitted by 10.5.2.2 and 10.5.2.3 the
thickness of any part of structural walls, three storeys or
higher, located in the outer half of the plastic hinge region
subjected to compression strains by the combination of

axial load and flexure due to design load, shall not be less
than £,,/10.

10.5.2.2 When the neutral axis depth computed for the
design loading is located within a distance of the lesser of
4 b or 0.3 %, from the compression edge of a wall section,
the requirement of 10.5.2.1 need not be complied with.

10.5.2.3 Any part of a wall that lies within a distance of
3 b from the inside of a continuous line of lateral support,

provided by a flange or cross wall, need not satis{ly the
requirements of 10.5.2.1. The width of the flange provid-
ing effective lateral support shall not be less than /5.

10.5.3 Longitudinal reinforcement

10.5.3.1 The ratio py of longitudinal reinforcement over
any part of a wall shall not be less than 0.7/fy nor more
than 16/fy.

10.5.3.2 In walls thicker than 200 mm or when the
design shear stress exceeds 0.3 \/ f.., at least two layers of
reinforcement shall be used, one near each side of the wall.

10.5.3.3 The diameter of the bars used in any part of a
wall shall not exceed one tenth of the thickness of the wall.

10.5.4 Transverse reinforcement

10.5.4.1 The requirements for minimum reinforcement
ratio, placing of reinforcement, diameter of transverse bars
used and their spacing shall be in accordance with 5.3.36
and as for longitudinal bars in accordance with 10.5.3.2
and 10.5.3.3.

10.5.4.2 Transverse reinforcement shall be provided to
resist shear forces resulting from earthquake loading in
accordance with7.3.14.9 and shall be adequately anchored
at the wall edges or in boundary elements as required by
5.5.6 for stirrups in beams.

10.5.4.3 In regions of potential compression yielding of
the longitudinal reinforcement within a wall with two
layers of reinforcement, where the longitudinal reinforce-
ment ratio pg, computed from

- AS
Py = bs, (Eq. 10-2)
exceeds 2/fy, transverse tie reinforcement satisfying the
following requirements shall be provided:

(a) Ties suitably shaped shall be so arranged that each
longitudinal bar or bundle of bars, placed close to
the wall surface, is restrained against buckling by a
90° bend or at least a 135° standard hook of a tie.
When two or more bars at not more than 200 mm
centres apart are so restrained, any bars between
them are exempted from this requirement

(b) The area of one leg of a tie, 4;,, in the direction of
potential buckling of the longitudinal bar, shall be
computed from eq. 621 where ZA, is the sum of
the areas of the longitudinal bars reliant on the tie,
including the tirbutary area of any bars exempted
from being tied in accordance with 10.5.4.3 (a).
Longitudinal bars centred more than 75 mm from the
inner face of stirrup ties need not be considered in
determining the value of 24y,

(c) The spacing of ties along the longitudinal bars shall
not exceed six times the diameter of the longitudinal
bar to be restrained.



10.5.4.4 In areas where the compressive yield strength
of the longitudinal bars, required for the ideal strength of
the wall section in accordance with the appropriate bending
moment envelope, cannot be developed, lateral reinforce-
ment shall be provided as required for beams by 6.4.7.2(b)
unless:

For the same load conditions the steel compression
stresses will not exceed 0.5 fy

&
N

The wall is exempted from the requirements for
transverse reinforcement in accordance with 10.5.4.3.

~
=)
~

unless your actions are covered by Part 3 of the Copyright Act 1994.

10.5.4.5 When the neutral axis depth in the potential
s yield regions of a wall, computed for the appropriate design
loading, exceeds

Innovation, and Employment under copyright license LN001498. You are not

ve

(Eq. 103)

0.10 ¢, 8%,

o
o

or the value obtained from more detailed calculation

860,52,

s =

. ons I—‘,-.I,h“’m e e v v o . (Eq.104)
cenf

W

the following requirements shall be satisfied in the outer
half of that part of the wall section which is subjected to
compression strains due to the design loading:

Rectangular or polygonal closed hoops, surrounding
longitudinal bars, shall be used as in confined
columns so that

A% r
- nf g c
AS/’I =03 Shh A_* —1>_

N
»
~

0.5 +09 £} (Eq.105)
W

e ﬁ)h
or
— !IfC c
Agp =012k — (05 + 0.92— .«....(Eq. 10-6)
Iyh W

whichever is greater, where the ratio ¢/, need not be
taken more than 0.8

(b) Longitudinal bars shall be restrained against possible
buckling in accordance with 10.5.4.3 (a)

The centre-to-centre spacing of hoops along longit-
tudinal bars shall not exceed six times the diameter
of the longitudinal bar, nor one-half of the thickness
of the confined region of the wall, nor 150 mm

~
O
~

The potential yield region of the wall, over which the
requirements for hoops in accordance with 10.5.4.5
(a) to (c) is to be satisfied, shall be assumed to extend
above the critical section by %, or 1/6 of height of
wall measured to the top of the wall, whichever is
larger

(@)

Walls with a single layer of reinforcement shall not
be used.

~
(¢
~—
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10.5.5 Shear strength

10.5.5.1 The evaluation of shear strength of, and the
determination of shear reinforcement for, walls shall be in
accordance with Section 7. For ductile walls, conforming
with requirements of Section 10, the shear stress shall not
be greater than permitted by 7.3.14.

10.5.52 In the end region of ductile walls the shear
stress limitations of 7.5.5.2 shall not be exceeded.

10.5.5.3 The height of the end region in walls, for
which the special shear stress limitations apply, shall be
taken as the length of the wall &, or 1/6 of the height of
the wall, whichever is larger, measured from the section at
which the first flexural yielding is expected. The height of
the end region need not be taken larger than 2 £,

10.5.5.4 Where applicable, ties may be assumed to con-
tribute to the shear strength of a wall element.

10.5.6 Diaphragms

10.5.6.1 Diaphragms, intended to transfer earthquake
induced horizontal floor forces to primary lateral load
resisting elements or which are required to transfer hori-
zontal seismic shear forces from one vertical primary lateral
load resisting element to another, shall be designed for the
maximum forces that can be resisted by the vertical
primary load resisting system, or for forces corresponding
with the seismic design coefficients specified by NZS 4203
for parts or portions of buildings, whichever is smaller.

10.5.6.2 Diaphragms shall be reinforced in both direc-
tions with not less than the minimum reinforcement requir-
ed for two-way slabs in accordance with 5.3.32.

10.5.6.3 When it is shown that a diaphragm can intro-
duce forces required to develop the overstrength of the
primary lateral load resisting system, without yielding in
the diaphragm; or at dependable strength the forces speci-
fied in NZS 4203, the special requirements of seismic
detailing of the diaphragm for ductility need not be com-
plied with.

10.5.6.4 When the design forces to be transmitted by
diaphragms do not lead to the development of the full
strength of the primary lateral load resisting system, dia-
phragms shall be designed in accordance with the require-
ments of 14.9.

10.5.6.5 Where joints across diaphragms are provided,
only the effective area over which interface shear transfer,
in accordance with 7.3.11 can occur, shall be considered.

10.5.6.6 Where precast elements are used for floor
construction, cast-in-place reinforced concrete topping, at
least 50 mm thick, may be used to transfer seismic shear
forces through diaphragm action, provided that:

(a) Minimum reinforcement in two directions in accor-
dance with 5.3.32 is placed in the topping slab
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(b) When composite action of the precast elements and
topping for gravity load is relied on, proper bonding
of the cast in situ topping to the surface of the pre-
cast elements, as required by 8.4.1 for composite
members, is assured

(c) When composite action for gravity loading is not
relied on, the surface of the precast element is clean
and free from laitance, and is intentionally roughened
as required by 8.4.3.

(d) When the requirements of 10.5.6.6 (b) or (c) are

satisfied and the shear stress due to diaphragm shear

transfer by the topping alone exceeds 0.3 \/T;, or
when the surface of the precast element is not specifi-
cally prepared for proper bonding:

(1) Ties with an effective area of 40 mm? per m?

of floor area, or equivalent connectors, shall

connect the topping to the precast element

(2) Spacing of connectors shall not exceed

1500 mm, and the tributary area of topping

reliant on each connector shall not exceed

2.25m?

(3) Connectors shall engage horizontal reinforce-

ment, or shall be otherwise effectively anchored

into both the topping and the precast element.

10.5.7 Walls and diaphragms with openings

10.5.7.1 Openings in structural walls and diaphragms
shall be so arranged that unintentional failure planes across
adjacent openings do not reduce the shear or flexural
strength of the structure. The behaviour and strength of
such walls or diaphragms shall be evaluated by rational
analysis.

74

10.5.7.2 Walls of ductile coupled shear walls shall be
connected by ductile coupling beams or diaphragms. In
such coupling beams the entire earthquake induced shear
and flexure shall be resisted by diagonal reinforcement in
both directions unless the earthquake induced shear stress
is less than

Qn
Vi = 017 \/‘f-‘:

(Eq. 10-7)

The diagonal reinforcement shall be enclosed by rectan-
gular ties orspirals that satisfy the requirements of 10.5.4.3,
except that the spacing of the ties or the pitch of the rec-

tangular spiral in ductile coupling beams shall not exceed
100 mm,

10.5.8 Special splice and anchorage requirements

10.5.8.1 The splicing of the principal vertical flexural
tension reinforcenient in potential areas of yielding in walls
shall be avoided if possible. Not more than one-third of

such reinforcement shall be spliced where yielding can
occur.

10.5.8.2 Stagger between splices shall be not less than
twice the splice length and at least one leg of a lateral tie,
not further than 10 times the diameter of a longitudinal
bar, satisfying the requirements of 5.5.1.2, shall surround a
splice of bars larger than 16 mm.

10.5.8.3 Approved mechanical and welded splices may
be used, but not more than one-half of the reinforcement
shall be spliced at one section, and the stagger shall not be
less than S00 mm.

10.5.8.4 When three or more diagonal or horizontal bars
of a coupling beam are anchored in adjacent structural
walls, the development length shall be 1.5 2.




© The Crown in right of New Zealand, administered by the New Zealand Standards Executive. Access to this standard has been sponsored by the Ministry of Business, Innovation, and Employment under copyright license LN001498. You are not

permitted to reproduce or distribute any part of this standard without prior written permission from Standards New Zealand, on behalf of New Zealand Standards Executive, unless your actions are covered by Part 3 of the Copyright Act 1994.

75

11 TWO-WAY SLAB SYSTEMS

11.1 NOTATION

a larger side of rectangular contact area
b smaller side of rectangular contact area

¢,  size of rectangular or equivalent rectangular column,
capital, or bracket measured in the direction of the
span for which moments are being determined, mm

¢, size of rectangular or equivalent rectangular column,
capital, or bracket measured transverse to the direc-
tion of the span for which moments are being deter-
mined, mm

(& cross-sectional constant to define torsional properties.
See eq. 11-12.

d distance from extreme compression fibre to centroid
of tension reinforcement, mm

E,p modulus of elasticity of beam concrete

E modulus of elasticity of column concrete

cc
E,; modulus of elasticity of slab concrete
h overall thickness of member, mm
I, ~moment of inertia about centroidal axis of gross
section of a beam as defined in 11.8.2.4,
I, moment of inertia of gross cross-section of column

I moment of inertia about centroidal axis of gross
section of slab

h?/12 times width of slab specified in definitions of
aand By

Kp,  flexural stiffness of beam; moment per unit rotation

K, flexural stiffness of column; moment per unit rotation

K, flexural stiffness of equivalent column; moment per
unit rotation. See eq. 11-10

K flexural stiffness of slab; moment per unit rotation

K; torsional stiffness of torsional member; moment per
unit rotation

%, length of clear span, in the direction moments are
being determined, measured face-to-face of supports

2, length of clear span in short direction of rectangular
slab

Qy length of clear span in long direction of rectangular
slab

2, length of span in the direction that moments are

being determined, measured centre-to-centre of
supports
Q, length of span transverse to £; measured centre-to-
centre of supports. See also 11.8.5.3 and 11.8.54.
M, total factored static moment

Mg, moment at mid-span or the supports of strips of unit
width and span &,

Msy m.oment at mid-span or the supports of strips of unit
width and span Qy

t thickness of surfacing and filling material

u larger side of rectangular loaded area allowing for

load spread

NZS 3101 : Part 1 : 1982
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v smaller side of rectangular load area allowing for load
spread
w,, total factored uniformly distributed load per unit
area =wgtwy
wg factored uniformly distributed dead load per unit area
wp  factored uniformly distributed live load per unit area
x shorter overall dimension of a rectangular part of
cross-section
y longer overall dimension of a rectangular part of cross-

section

" ratio of flexural stiffness of beam section to flexural
stiffness of a width of slab bounded laterally by centre
lines of adjacent panels (if any) on each side of the

beam
- Lelb
Eeglg

o, ratio of flexural stiffness of the columns above and
below the slab to the combined flexural stiffness of
the slabs and beams at a joint taken in the direction
of the span for which moments are being determined
, ZK,

\ Z(K,+Kp)

e ratio of flexural stiffness of equivalent column to the
combined flexural stiffness of the slab and beams at a
joint taken in the direction of the span for which
moments are being determined
~ Kec

E(Ks + Kb)

O, Minimum «, to satisfy 11.8.13.1 (a)

@;  ain direction of £,

a, ain direction of £,

Bz ratio of dead load per unit area to live load per unit

area (in each case without load factors)

Box» ﬁsy moment coefficiénts shown in table 11.1

By

ratio of torsional stiffness of edge beam section to
flexural stiffness of a width of slab equal to span
length of the beam, centre-to-centre of supports

. Ech/ZEcsIs

0/ fraction of unbalanced moment transferred by flex-
ure at slab-column connections. See 11.3.5.
8¢  factor defined by eq. 11-9. See 11.8.13
ratio of tension steel per unit width
11.2 Scope

11.2.1 Provisions of Section 11 shall apply to the
design of slab systems reinforced for flexure in more than
one direction with or without beams between supports.
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11.2.2 A slab system may be supported on columns or
walls. If supported by columns, no portion of a column
capital shall be considered for structural purposes that lies
outside the largest inverted right circular cone or pyramid
with a 90° vertex that can be included within the outline of
the column capital.

11.2.3 Solid slabs and dabs with recesses or pockets
made by permanent or removable fillers between ribs or
joists in two directions are included within the scope of
Section 11,

11.2.4 Slabs with panelled ceilings are included within
the scope of Section 11, provided the panel of reduced
thickness lies entirely within middle strips, and is not less
than two-thirds of the thickness of the remainder of the

slab, exclusive of the drop panel, nor less than 100 mm
thick.

11.2.5 Minimum thickness of slabs designed in accor-
dance with Section 11 shall be as required by 4.4.1.2 (b).

11.2.6 For the design of prestressed concrete slabs
refer to 13.4.2.

11.2.7 The provisions of Section 11 shall apply to the
design of slab systems subject predominantly to loading
acting at right angles to the plane of the slab.

11.3 Design procedures

11.3.1 General. A slab system may be designed by any
procedure satislying conditions of equilibrium and geo-
metrical compatibility if shown that the design strength is
at least that required by either NZS 4203, or other approp-
riate loading code, and that all serviceability conditions,
including specified limits on deflections, are met.

1132 Design methods. The design moments and
shears resulting from distributed or concentrated loads shall
be determined using either:

(a) Elastic theory for thin plates asin 11.5, or
(b) Limit design theory asin 11.6, or
(c) A detailed procedure as in either 11.7 or 11.8 or

11.9.

11.3.3  Design for flexure. The slabs and beams (if any)
between supports shall be proportioned for the moments
prevailing at every section. Design for flexure shall be in
accordance with Section 6 or Appendix B. The range of
stresses permitted in the reinforcement due to service live
load shall also satisfy the limitation specified under 4.5.1.2
if appropriate,

Design equations in 11.7, 11.8 and 11.9 are given in
terms of factored loads and moments, but if the sections
are to be designed in accordance with Appendix B the
appropriate design loads and moments should be used.

11.3.4 Effective area of concentrated loads. The mo-
ments induced in slabs by concentrated loads shall take into
account the spread of load from the contact area. For a
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rectangular contact area with sides of length a and b, the
sides of the effective rectangular spread shall be determined
according to the following equations:

u

V@ 2@ +n?
V2P 2

(Eq. 11-1)

v (Eq. 11-2)
where the load areas derived from equations 11-1 and 11-2
overlap, the total load shall be considered as uniformly dis-
tributed over the area defined by the outside limits of the
individual areas, but the total width of distribution shall
not exceed the total width of the supporting slab.

11.3.5 Moment transfer between slab and column.
When moment is to be transferred between column and slab
without beams, the connection shall be designed for ade-
quate strength using an analysis which considers the strength
in bending, torsion and shear at the critical slab sections. In

lieu of a special analysis, tlie following procedure may be
used:

(2)

A fraction
1

1+2/3 citd
cz-l'd

of the moment shall be considered to be transferred
between the slab and column by flexure over an
effective slab width between lines that are one and
one-half slab or drop panel thickness (1.5 /) outside
opposite faces of the column or capital.

T + + + (Eq 11-3)

(b) Concentration of reinforcement over the column by
closer spacing or additional reinforcement may be
used to resist the moment on this effective slab width.
(¢) Fraction of the moment not transferred by flexure
1 - 'yf) shall be transferred by eccentricity of shear
in accordance with 7.3.16.

11.3.6  Shear transfer between slab and supporting
elements

11.3.6.1 Design for transfer of load from slab to sup-
porting beams, columns or wall through shear and torsion
shall be in accordance with Section 7.

11.3.7 Openings in slabs

11.3.7.1 Openings of any size may be provided in slab
systems if shown by analysis that the design strength is at
least equal to the required strength and that all service-
ability conditions, including the specified limits on deflec-
tions, are met. In lieu of special analysis, openings may be
provided in uniforinly loaded slab systems without beams
only in accordance with the following:
(a) Column strip is a strip with a width each side of the
column centre line of 0.25 2; or 0.25 &, , whichever
is smaller. Middle strip is a strip bounded by two
column strips
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(b) Openings of any size may be located in the area
common to intersecting middle strips, provided total
amount of reinforcement required for the panel with-
out the opening is maintained

(c) TIn the area common to intersecting column strips, not
more than one-eighth of the width of column strip in
either span shall be interrupted by openings. An
amount of reinforcement equivalent to that inter-
rupted by an opening shall be added on the sides of
the opening

(d) In the area common to one column strip and one
middle strip, not more than one-quarter of the rein-
forcement in either strip shall be interrupted by
openings. An amount of reinforcement equivalent
to that interrupted by an opening shall be added on
the sides of the opening

(e)  Shear requirements of 7.3.15.5 shall be satisfied.

11.4 Slab reinforcement

11.4.1 Area of reinforcement in each direction for two-
way slab systems shall be determined from moments at
critical sections but shall not be less than required by
5.3.32.

11.42 Spacing of principal reinforcement shall not
exceed two times the slab thickness, except for portions of
slab area that may be of cellular or ribbed construction. In
the slab over cellular spaces, reinforcement shall be provided
as required by 5.3.5.4.

11.4.3 Positive moment reinforcement perpendicular to
a discontinuous edge shall extend to the edge of slab and
have embedment, straight or hooked, at least 150 mm in
spandrel beams, columns, or walls.

1144 Negative moment reinforcement perpendicular
to a discontinuous edge shall be bent, hooked, or otherwise
anchored, in spandrel beams, columns, or walls, to be
developed at face of support according to provisions of
Section 5.

11.4.5 Where a slab is not supported by a spandrel
beam or wall at a discontinuous edge, or where a slab canti-
levers beyond the support, anchorage of reinforcement may
be within the slab.

11.4.6 In slabs supported on beams or walls reinforce-
ment should be provided for torsional moments in exterior
corners. For the design procedure of 11.7 the reinforcement
for torsion shall be as in 11.7.1 (h), (j) and (k). For the
design procedures of 11.5, 11.6, 11.8 and 11.9, either a
special analysis may be used to determine reinforcement
for torsion, or alternatively when « is greater than 1.0
special top and bottom slab reinforcement for torsion shall
be provided at exterior corners in accordance with the
following:

(a) The special reinforcement in both top and bottom of
slab shall be sufficient to resist a moment equal to the
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maximum positive moment (per unit of width) in the
slab
(b) Direction of moment shall be assumed parallel to the
diagonal from the corner in the top of the slab and
perpendicular to the diagonal in the bottom of the
slab
(c) The special reinforcement shall be provided for a
distance in each direction from the corner equal to
one-fifth of the longer span
(d) In either the top or bottom of the slab, the special
reinforcement may be placed in a single band in the
direction of the moment or in two bands parallel to
the sides of the slab.

11.5 Design moments and shear forces from elastic thin
plate theory

11.5.1 The design bending moments, torsional moments
and shear forces may be determined assuming that the slabs
act as thin elastic plates. The assumptions adopted for com-
puting the flexural and torsional rigidities of sections shall
be consistent throughout the analysis.

11.6 Design moments and shear forces from limit design
theory

11.6.1 The design moments and shear forces may be
determined by a limit design theory such as Johansen’s
yield line theory or Hillerborg’s strip method, provided that
the ratio between negative and positive moments used are
similar to those obtained by the use of elastic thin plate
theory. The maximum value for the tension steel ratio p
used shall not exceed 0.4 of the ratio producing balanced
conditions as defined by 6.4.1.2.

11.7 Moment coefficients and loads on supporting
beams for uniformly loaded two-way rectangular
slabs supported on four sides

11.7.1 Moment coefficients. In uniformly loaded rec-
tangular slabs spanning two directions where the corners are
prevented from lifting, and where provision of torsion in
the slab is made, the following design procedure may be
used:
(a) Maximum moments per unit width shall be given by
the following equations

M,

X (Eq. 114)

Bex Wy sz

M,

sy (Eq. 11-5)

Bsywuszx2

where (5, and [y, are coefficients given in table 11.1
(b) Slabs shall be considered as divided in each direction
into middle strips and edge strips as shown in fig.
11.1, the middle strip being three-quarters of the
total width and each edge strip being one-eighth of
the total width
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Fig. 11.1 DIVISION OF UNIFORMLY LOADED SLAB INTO MIDDLE AND EDGE STRIPS
(¢) The maximum moments calculated above shall (h) Torsion reinforcement shall be provided at any cor-
apply only to the middle strips and no redistribution ner where the slab is simply supported on both edges
of moments shall be used meeting at that corner. It shall consist of top and
bottom reinforcement, each with layers of bars
(d) Tension reinforcement provided at mid-span shall placed parallel to the sides of the slab and extending
extend in the x and y directions in the lower part of from the edges a minimum distance of one-fifth of
the slab to within at least 0.15 £, or 0.15 Qy, respec- the shorter span, The area of reinforcement in each of
tively, of a continuous edge, and in accordance with these four layers, per unit width of slab, shall be at
11.4.3 at a discontinuous edge least three-quarters of the area required for the maxi-
mum mid-span moment in the slab.
(e) Over the continuous edges the tension reinforcement
shall extend in the upper part of the slab a distance of (G)  Torsion reinforcement equal to half that described in
at least 0.15 &, or 0.15 ¢, as appropriate, from the (h) shall be provided at a corner contained by edges
support, and at least 50% shall extend a distance of at over only one of which the slab is continuous
least 0.3 £,. or 0.3 Qy, as appropriate
. . (k) Torsion reinforcement need not be provided at any
#) Ata dxscgntmuous edge negative moments may jarise, corner contained by edges over both of which the
the magnitude depending on the degree of fixity at slab is continuous
the edge of the slab. Tension reinforcement equal to
at least 50% of that provided at mid-span shall extend ) ,
in the upper part of the.slab a distance of at least (m) Where & /Qx is greater 1th’m 2, slabs shall be designed
0.1 & or 0.1 Qy, as appropriate, from the support as spanmng one way oty
into the span
(g) Reinforcement in an edge strip, parallel to that edge,

need not exceed the minimum given in 5.3.32, except
that the requirements for torsion described in (h), (j)
and (k) of this clause need to be complied with at the
corners

11.7.2 Loads on supporting beams. The loads on beams
supporling solid slabs spanning in two directions at right
angles and supporting uniformly distributed loads may be
assumed to be in accordance with fig, 11.2.

Yy

Ly

Load included in
this shaded area
to be carried by
Beam A——————

\\\\\x\

B

Lood included in this
shaded area to be
carried by Beam B

Fig. 112 LOAD CARRIED BY SUPPORTING BEAMS OF UNIFORMLY LOADED PANELS
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Table 11.1 BENDING MOMENT COEFFICIENTS FOR UNIFORMLY LOADED RECTANGULAR PANELS
SUPPORTED ON FOUR SIDES WITH PROVISION FOR TORSION AT CORNERS

Short span coefficients (3 o Lo;ifg spm;
coefficients
Case Type ofpanel. and Values for 2,,/% Bgy for all
moments considered y oalies of
L0 L1 12 13 14 15 175 20 0y /%

| Interior panels

Negative moment at con-
tinuous edge 0.032 0.037 0.043 0.047 0.051 0.053 0.060 0.065 0.032
Positive moment at mid-span | 0.024 0.028 0.032 0.036 0.039 0.041 0.045 0.049 0.024
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One short edge discontinuous
Negative moment at con-

tinuous edge 0.037 0.043 0.048 0.051 0.055 0.057 0.064 0.068 0.037
Positive moment at mid-span | 0.028 0.032 0.03¢ 0.039 0.041 0.044 0.048 0.052 0.028

3 One long edge discontinuous
Negative moment at con-
tinuous edge 0.037 0.044 0.052 0.057 0.063 0.067 0.077 0.085 0.037
Positive moment at mid-span | 0.028 0.033 0.039 0.044 0.047 0.051 0.059 0.065 0.028

4 Two adjacent edges
discontinuous
Negative moment at con-
tinuous edge 0.047 0.053 0.060 0.065 0.071 0.075 0.084 0.091 0.047
Positive moment at mid-span | 0.035 0.040 0.045 0.049 0.053 0.056 0.063 0.069 0.035

5 Two short edges discontinuous
Negative moment at con-
tinuous edge 0.045 0.049 0.052 0.056 0.059 0.060 0.065 0.069 -
Positive moment at mid-span | 0.035 0.037 0.040 0.043 0.044 0.045 0.049 0.052 0.035

6 Two long edges discontinuous
Negative moment at con-
tinuous edge ~ — = — - — - - 0.045
Positive moment at mid-span | 0.035 0.043 0.051 0.057 0.063 0.068 0.080 0.088 0.035

T Three edges discontinuous
(one long edge continuous)

Negative moment at con-
tinuous edge 0.057 0.064 0.071 0.076 0.080 0.084 0.091 0.097
Positive moment at mid-span | 0.043 0.048 0.053 0.057 0.060 0.064 0.065 0.073 0.043

8  Three edges discontinuous
(one short edge continuous)
Negative moment at con-
tinuous edge - — - = = = — - 0.057

Positive moment at mid-span | 0.043 0.051 0.059 0.065 0.071 0.076 0.087 0.096 0.043

9 Four edges discontinuous
Positive moment at mid-span | 0.056 0.064 0.072 0.079 0.085 0.089 0.100 0.107 0.056

11.8 Direct design method for uniformly loaded slab 11.8.2 Definitions
systems with rectangular panels with or without
SEpporUnEbesmE,onyalls 11.8.2.1 A column strip is a design strip with a width on

each side of a column centre line equal to 0.25 %, or0.25 ¢,

1181 General. Design of slab systems by the direct whichever is less. A column strip includes beams, if any.

design method shall be based on assumptions given in

11.8.2 to 11.8.13, and all cross-sections of slabs and sup-

porting members shall be proportioned for moments and 11.8.2.2 A middle strip is a design strip bounded by two
shears thus obtained. column strips.
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11.8.2.3 A panel is bounded by column, beam, or wall
centre lines on all sides.

11.8.24 For monolithic or fully composite construc-
tion, a beam includes that portion of the slab on each side of
the beam measured from the sides of the beam extending a
distance equal to the projection of the beam above or
below the slab, whichever is greater, but not greater than
four times the slab thickness.

11.8.3 Limitations

11.8.3.1 Slab systems satisfying all of the requirements
of 11.8.3.2 to 11.8.3.9 may be designed by the direct
desipn method.

11.8.3.2 There shall be a minimum of three continuous
spans in each direction.

11.8.3.3 Panels shall be rectangular with a ratio of
longer to shorter span within a panel not greater than 2.

11.8.3.4 Successive span lengths in each direction shall
not differ by more than one-third of the longer span.

11.8.3.5 Columns may be offset a maximum of 10% of
the span (in direction of offset) from either axis between
centre lines of successive columns.

11.8.3.6 All loads shall be due to gravity only and uni-
formly distributed over an entire panel. Live load shall not
exceed three times dead load.

11.8.3.7 For a panel with beams between supports on
all sides, the relative stiffness of beams in two perpendicular
directions, the ratio

ay 2,2

(Eq. 11-6)

47] le

shall not be less than 0.2 nor greater than 5.0.

11.8.3.8 Moment redistribution as permitted by 3.3.3.4
shall not be applied for slab systems designed by the direct
design method. (See 11.8.10.)

11.8.39 Where a drop panel is used to reduce the
amount of negative moment reinforcement over the column
of a flat slab, the size of drop panel shall be in accordance
with the following:

(a) The drop panel shall extend in each direction from
centre line of support a distance not less than one-
sixth of the span length measured from centre-to-
centre of supports in that direction

(b) The projection of the drop panel below the slab shall
be at least one-quarter of the slab thickness beyond
the drop

(c) In computing required slab reinforcement, the thick-
ness of the drop panel below the slab shall not be
assumed pgreater than one-quarter of the distance
from edge of drop panel to edge of column or column
capital.

11.8.3.10 Variations fromn the limitations of 11.8.3
may be considered acceptable if demonstrated by analysis
that requirements of 11.3.1 are satisfied.

11.8.4 Slab reinforcement

11.8.4.1 In addition to the requirements of 11.4, re-
inforcement in slabs without beams for gravity loading shall
comply with the following requirements:

() The minimum bend point locations and extensions
for reinforcement shall be as prescribed in fig. 11.3

(b) Where adjacent spans are unequal, extension of nega-
tive moment reinforcement beyond the face of
support as prescribed in fig. 11.3 shall be based on
requirements of longer span

(c) Bent bars may be used only when the depth-span
ratio permits use of bends 45° or less.

(d) For slabs not braced against sidesway slab reinforce-
ment longer than shown in fig. 11.3 shall be provided
when required by analysis.

11.8.5 Total factored static moment for a span

11.8.5.1 The total factored static moment for a span
shall be determined in a strip bounded laterally by the centre
line of the panel an each side of the centre line of supports,

11.8.5.2 The absolute sum of positive and average nega-
tive factored moments in each direction shall not be less than

w,, 2, ,,2
Mo ==t L L L (Be 1)

11.8.5.3 Where the transverse span of panels on either
side of the centre line of supports varies, £, in eq. 11-7 shall
be taken as the average of adjacent transverse spans.

11.8.5.4 When the span adjacent and parallel to an cdge
is being considered, the distance from edge to panel centre
line shall be substituted for £, in eq. 11-7.

11.8.5.5 Clear span £, shall extend from face to face of
columns, capitals, brackets, or walls. The value of £, used in
eq. 11-7 shall not be less than 0.65 £,. Circular or regular
polygon shaped supports shall be treated as square supports
with the same area.

11.8.6 Negative and positive factored moments

11.8.6.1 Negative factored moments shall be located at
face of rectangular supports. Circular or regular polygon

shaped supports shall be treated as square supports with the
same area.

11.8.6.2 In an interior span, the total static moment M,
shall be distributed as follows:

Negative factored moment
Positive factored moment
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11.8.6.3 In an end span, the total static moment M,
shall be distributed as follows:

Interior negative factored moment . . . . . . 0.75 - 0.10

Positive factored moment . . .. .. ...... 0.63 — T

Exterior negative factored moment . ......... —1

where . is computed in accordance with 11.9.4 for the
exterior column,

11.8.6.4 Negative moment sections shall be designed to
resist the larger of the two interior negative factored mo-
ments determined for spans framing into a common support
unless an analysis is made to distribute the unbalanced mo-
ment in accordance with stilfness of adjoining elements.

11.8.6.5 Edge beams or edges of slabs shall be propor-
tioned to resist in torsion their share of exterior negative
factored moments.

11.8.7 Factored moments in column strips
11.8.7.1 Column strips shall be proportioned to resist

the following portions in percent of interior negative fac-
tored moments:

2,12, 0.5 1.0 2.0
(0 2,/2,) =0 75 75 75
(11%/2,) =1.0 90 75 45

Linear interpolations shall be made between values shown.

11.8.7.2 Column strips shall be proportioned to resist
the following portions in percent of exterior negative fac-
tored moments:

2, /% 05 1.0 20
(01 %/%) =0 | B=0 100 100 100
B >25 75 75 75

(1 2/8)>1.0| B;=0 100 100 100

| B>25 90 75 45

Linear interpolations shall be made between values shown.

11.8.7.3 Where supports consist of columns or walls
extending for a distance equal to or greater than three-
quarters of the span length &, used to compute M, nega-
tive moments shall be considered to be uniformly distribu-
ted across £, .

11.8.74 Column strips shall be proportioned to resist
the following portions in percent of positive factored mo-
ments:

2, /%, 0.5 1.0 2.0
(1 %/2,)=0 60 60 60
(o £,/%) > 1.0 90 75 45

Linear interpolations shall be made between values shown.

11.8.7.5 For slabs with beams between supports, the
slab portion of column strips shall be proportioned to resist
that portion of column strip moments not resisted by
beams.

11.8.8 [Factored moments in beams

11.8.8.1 Beams between supports shall be proportioned
to resist 85% of column strip mowments if (c¢; 25 /%) is equal
to or greater than 1.0.

11.8.82 For values of (ay2/2;) between 1.0 and
zero, the proportion of column strip moments resisted by
beams shall be obtained by linear interpolation between 85
and zero percent.

11.8.8.3 In addition to moments calculated according
to 11.8.8.1 and 11.8.8.2, beams shall be proportioned to
resist mnoments caused by loads applied directly on beaims.

11.8.9 Factored moments in middle strips

11.8.9.1 That portion of negative and positive factored
moments not resisted by column strips shall be propor-
tionately assigned to corresponding half middle strips.

11.89.2 Each middle strip shall be proportioned to
resist the sum of the moments assigned to its two half
middle strips.

11.89.3 A middle strip adjacent to and parallel with an
edge supported by a wall shall be proportioned to resist
twice the moment assigned to the half middle strip corres-
ponding to the first row of interior supports.

11.8.10 Modification of factored moments

11.8.10.1 Negative and positive factored moments may
be modified by 10% provided the total static moment for a
panel in the direction considered is not less than that re-
quired by eq. 11-7.

11.8.11 Factored shear in slab system with beams

11.8.11.1 Beams with (a; £,/%;) equal to or greater
than 1.0 shall be proportioned to resist shear caused by
factored loads on tributary areas bounded by 45° lines
drawn from the corners of the panels and the centre lines of
the adjacent panels parallel to the long sides.

11.8.11.2 Beams with (o; £,/2;) less than 1.0 may be
proportioned to resist shear obtained by linear interpolat-
ion, assuming beams carry no load at a = Q.



11.8.11.3 In addition to shears calculated according to
£11.8.11.1 and 11.8.11.2 beams shall be proportioned to
esist shears caused by factored loads applied directly on
eams.

C_Qleght Act 1994.

11.8.11.4 Slab shear strength may be computed on the
assumption that load is distributed to supporting beams in
cordance with 11,8.11.1 or 11.8,11.2. Resistance to total
ear occurring on a panel shall be provided.

11.8.11.5 Shear strength shall satisfy requirements of
ection 7.

11.8.12 Factored moments in columns and walls
11.8.12.1 Columns and walls built integrally with a slab

stem shall resist moments caused by factored loads on the
Slab system.,

less your actiong, are coveged.by Part 3 of
y prorErLTy

e,
=<

11.8.12.2 At an interior support, supporting elements
bove and below the slab shall resist the moment specified
eq. 11-8 in direct proportion to their stiffness unless a

rgs Executi

nga
<

Fgeneral analysis is made:
§M= 0.08[ (wgrt 0.5wp) L%, — Wi, )1 (gq 11.8)
1+
ec

alf of New

where wé], 25 and Q'n refer to shorter span.
11.8.13 Provisions for effects of pattern loadings

11.8.13.1 Where ratio 3, of dead load to live load is less
than 2, one of the following conditions shall be satisfied:

Sum of flexural stiffnesses of the columns above and
below the slab shall be such that «, is not less than
ay . specified in table 11.2

(@)

Table 11.2 VALUES OF o,
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(b) If o, for the columns above and below the slab is less
than a,; , specified in table 11.2, positive factored
moments in panels supported by such columns shall
be multiplied by the coefficient §; determined from
eq. 11-9:
foh
4+ 6,

where @, is ratio of dead load to live load, per unit
area (in each case without load factors).

G
a

b 1- (Eq. 11-9)

min.

119 Equivalent frame method for uniformly loaded
slab systems with rectangular panels with or with-
out beams

11.9.1 General

119.1.1 Design of slab systems by the equivalent
frame method shall be based on assumptions given in
11.9.1 to 11.9.6, and all sections of slabs and supporting
members shall be proportioned for moments and shears
thus obtained.

11.9.1.2 The method shall only be used for slab systems
loaded predominantly by loading acting at right angles to
the plane of the slab.

11.9.1.3 Where steel column capitals are used, account
may be taken of their contributions to stiffness and resis-
tance to moment and to shear.

11.9.1.4 Change in length of columns and slabs due to
direct stress, and deflections due to shear, may be neglected.

11.9.1.5 Drop panels, where used, shall conform to

11.8.3.9.

11.9.1.6 Slab reinforcement shall be in accordance with
11.9.8.

119.2 Equivalent frame

11.9.2.1 The structure shall be considered to be made
up of equivalent frames on column lines taken longitudi-
nally and transversely through the building.

11.9.2.2 Each frame shall consist of a row of equivalent
columns or supports and slab-beam strips, bounded laterally
by the centre line of the panel on each side of the centre
line of columns or supports.

11.9.2.3 Frames adjacent and parallel to an edge shall
be bounded by that edge and the centre line of the adja-
cent panel.

11.9.2.4 Each equivalent frame may be analysed in its
entirety, or for vertical loading, each floor and the roof
(slab-beams) may be analysed separately with far ends of
columns considered fixed.

11.9.2.5 Where slab-beams are analysed separately, it
may be assumed in determining moment at a given support
that the slab-beam is fixed at any support two panels distant
therefrom, provided the slab continues beyond that point,
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11.9.3 Slab-beams

11.9.3.1 Moment of inertia of slab-beams at any cross-
section outside of joints or column capitals may be based
on the gross area of concrete.

11.9.3.2 Variation in moment of inertia along axis of
slab-beams shall be taken into account,

11.9.3.3 Moment of inertia of slab-beams from centre
of column to face of column, bracket, or capital shall be
assumed cqual to the moment of inertia of the slab-beam
at face of column, bracket, or capital divided by the quan-
tity (1 — ¢, /%,)F where ¢, and 2, are measured transverse
to the direction of the span for which moments are being
determined.

11.9.4 Equivalent columns

11.9.4.1 An equivalent column shall be assumed to
consist of the actual columns above and below the the slab-
beam plus an attached torsional member (see 11.9.5) trans-
verse to the direction of the span for which moments are
being determined and extending to bounding lateral panel
centre lines on each side of the column.

11.9.42 Flexibility (inverse of stiffness) of an equiva-
lent column shall be taken as the sum of the flexibilitics of
the actual columns above and below the slab-beam and the
flexibility of the attached torsional member as expressed by
eq. 11-10:

1 1 1
— =5 + Eq. 11-10
Kec ZKc Kt (Eq )

11943 In computing stiffness of columns K,
moment of inertia of columns at any cross-section outside
of joints or column capitals may be based on the gross area
of concrete.

11.9.4.4 Variation in moment of inertia along the axis
of columns shall be taken into account.

11.9.4.5 Moment of inertia of columns shall be assumed
infinite from top to bottom of the slab-beam at a joint.

11.9.5 Attached torsional members

11.9.5.1 Attached torsional members shall be assumed
to have a constant cross-section throughout their length
consisting of the larger of*

(a) A portion of slab having a width equal to that of the
column, bracket, or capital in the direction of the
span for which moments are being determined

(b) For monolithic or fully composite construction, the
portion of slab specified in (a) plus that part of the
transverse beam above and below the slab

(c) Transverse beam as defined in 11.8.2.4.

11.9.5.2 Stiffness K, of an attached torsional member
shall be calculated by the following expression:

9EpiC
K, = Eja ( o\’ (Eq. 11-11)

i &

L2

where ¢, and 2, relate to the transverse spans on each side
of the column.

11.9.5.3 The constant C in eq. 11-11 may be evaluated
for the cross-section by dividing it into separate rectangular
parts and carrying out the following summation:

3
C=3%(1-063%)%7 (Eq. 11-12)
Yy 3

11.9.5.4 Where beams frame into columns in the direc-
tion of the span for which moments are being determined,
the value of K; as computed by eq. 11-10 shall be multi-
plied by the ratio of moment of inertia of the slab with
such beam to moment of inertia of the slab without such
beam.

11.9.6 Arrangement of live load

11.9.6.1 When the loading pattern is known, the equiva-
lent frame shall be analysed tor that load pattern.

11.9.6.2 When live load is variable but does not exceed
three-quarters of the dead load, or the nature of live load is
such that all panels will be loaded simultaneously, maxi-
mum factored moments may be assumed to occur at all
sections with full factored live load on entire slab system.

11.9.6.3 For loading conditions other than those de-
fined in 11.9.6.2, maximum positive factored moment near
midspan of a panel may be assumed to occur with three-
quarters of the full factored live load on the panel and on
alternate panels; and maximum negative factored moment
in the slab at a support may be assumed to occur with
three-quarters of the full factored live load on adjacent
panels only.

11.9.6.4 Factored moments shall not be taken less than
those occurring with full factored live load on all panels.

11.9.7 Factored moments

11.9.7.1 At interior supports, the critical section for
negative factored moment (in both column and middle
strips) shall be taken at face of rectilinear supports, but not
greater than 0.175 £; from centre of a column.

11.9.7.2 At extedor supports provided with brackets or
capitals, the critical section for negative factored moment
in the span perpendicular to an edge shall be taken at a
distance from the face of supporting element not greater
than one-half of the projection of the bracket or capital
beyond the face of the supporting element.

11.9.7.3 Circular or regular polygon shaped supports
shall be treated as square supports with the same area for
location of the critical section for negative design moment.



11.9.7.4 Slab systems within limitations of 11.9.2,
hen analysed by the equivalent frame method, may have
sulting computed moments reduced in such proportion
lat the absolute sum of the positive and average negative
oments used in design need not exceed the value obtained
romeq. 11-7.

rght Act 1994,

éth?:’.C%Py

_350

11.9.7.5 Moments at critical sections across the slab-
am strip of each frame may be distributed to column
ips, beams, and middle strips as provided in 11.8.7,
.8.8and 11.8.9.

—

are cgveted by Part,
—_ 0 o

11.9.7.6 Moments determined for the equivalent col-
mns in the frame analysis shall be used in design of the
actual columns above and below the slab-beams.

and Employment under copyright license LN001498. You are not

85

NZS 3101 : Part 1 : 1982
Section 11

11.9.8 Slab reinforcement

11.9.8.1 In addition to the requirements of 11.4 bend
point locations and extensions for reinforcement shall be
determined from the bending moments derived from the
analysis,

11.9.8.2 In meeting the requirements of 11.9.8.1, it
may be assumed that the free bending moment diagram in
each of the column and middle strips is of the same shape

as the free total bending moment diagram derived in the
analysis,

11.9.8.3 In lieu of the more detailed calculations of
11.9.8.2, the provisions of 11.8.4 and fig. 11.3, or of
11.7.1, as appropriate, may be applied.
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12 FOUNDATIONS

12.1 Notation

Ag gross area of section, mm?

Ay area of non-prestressed reinforcement, mm?

b width of compression face of member, mm

d distance from extreme compression fibre to centroid

of tension reinforcement, mm

diameter of pile at footing base, mm

N
]
=

square root of specified compressive strength of con-
crete, MPa

fy specified yield strength of non-prestressed reinforce-
ment, MPa

Bc  ratio of short side to long side of foundation
Py  ratio of non-prestressed tension reinforcement Ag/bd
10) strength reduction factor. See 4.3.1.

12.2 Scope

12.2.1 Provisions of Section 12 shall apply for design of
isolated foundations and to combined footings and mats. In
addition, basic principles for piles are also given.

12.2.2 Additional requirements for design of combined
foundations and mats are given in 12.3.9.

12.3 General principles and requirements
12.3.1 Loads and reactions

12.3.1.1 Foundations shall be proportioned to resist
the design loads and induced reactions, in accordance with
the appropriate design requirements of this Code and as
provided in this Section.

12.3.1.2 External forces and moments resulting from
factored loads applied to foundations shall be transferred to
supporting soil without exceeding allowable soil pressures.

12.3.1.3 For foundations on piles, computations for
moments and shears may be based on the assumption that
the reaction from any pile is concentrated at pile centre.

12.3.1.4 The foundation system of all structures (which
comprises all parts of the foundation below the superstruc-
ture and includes the supporting soil) shall be carried to
depths such that adequate bearing is secured. Due allowance
shall be made for the effects of seasonal weather changes,
lateral movement of the ground and movements of ground
in unstable areas.

12.3.1.5 When combinations of deep and shallow foun-
dations are necessary, differential settlement and torsional
effects shall be considered.

12.3.1.6 Base area of foundation or numberand arrange-
ment of piles shall be determined from the external forces
and moments resulting from factored loads (transmitted by
foundation to soil or piles) and permissible soil pressure or
permissible pile capacity selected through principles of soil
mechanics,

86

12.3.2 Foundations supporting circular or regular
polygon shaped columns or pedestals

12.3.2.1 Circular or regular polygon shaped concrete
columns or pedestals may be treated as square members
with the same area for location of critical sections for
moment, shear, and development of reinforcement in foun-
dations.

12.3.3 Moment in foundations

12.3.3.1 External moment on any section of a foundat-
ion shall be determined by passing a vertical plane through
the foundation and computing the moment of the forces
acting over the entire area of foundation on one side of that
vertical plane.

12.3.3.2 Maximum design moment for an isolated foun-
dation shall be computed as prescribed in 12.3.3.1 at criti-
cal sections located as follows:

(a) At face of column, pedestal, or wall, for foundations
supporting a concrete column, pedestal, or wall

(b) Halfway between middle and edge of wall, for foun-
dations supporting a masonry wall

(c) Halfway between face of column or pedestal and edge
of steel base, for foundations supporting a pedestal
with steel base plates.

12.3.3.3 In one-way foundations, and two-way square
foundations, reinforcement shall be distributed uniformly
across entire width of foundation,

12.3.3.4 In two-way rectangular foundations, reinforce-
ment shall be distributed as follows:

(a) Reinforcement in long direction shall be distributed
uniformly across the entire width of foundation

(b) For reinforcement in short direction, a portion of the
total reinforcement given by eq. 12-1 shall be distrub-
uted uniformly over a band width (centred on centre-
line of column or pedestal) equal to the length of
short side of foundation. Remainder of reinforcement
required in short direction shall be distributed uni-
formly outside centre band width of foundation.

Reinforcement in band width _ 2 Be

Total reinforcement in short (B, +1)
direction

...... (Eq. 12-1)

12.3.4 Shear in footings

12.3.4,1 Computation of shear in foundations shall be
in accordance with Section 7.

12.3.4.2 Location of critical section for shear in accor-
dance with Section 7 shall be measured from face of
column, pedestal, or wall, for foundations supporting a
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column, pedestal, or wall. For foundations supporting a
column or pedestal with steel base plates, the critical
section shall be measured from the location defined in
12.3.3.2 (¢).

12.3.4.3 Computation of shear on any section through
a foundation supported on piles shall be in accordance with
the following:
(a)  Entire reaction from any pile whose centre is located
d,/2 or more outside the section shall be considered
as producing shear on that section
(b) Reaction from any pile whose centre is located dp/2
or more inside the section shall be considered as pro-
ducing no shear on that section
(c) For intermediate positions of pile centre, the portion
of the pile reaction to be considered as producing
shear on the section shall be based on straight-line
interpolation between full value at d,,/2 outside the
section and zero value at dp/2 inside the section.

12.3.5 Development of reinforcment in foundations

12.3.5.1 Computation of development of reinforcement
in foundations shall be in accordance with Section 5.

12.3.5.2 Calculated tension or compression in reinforce-
ment at each section shall be developed on each side of that
section by proper embedment length, end anchorage, hooks
(tension only), or combination thereof.

12.3.5.3 Critical sections for development of reinforce-
ment shall be assumed at the same locations as defined in
12.3.3.2 for maximum design moment, and at all other
vertical planes where changes of section or reinforcement
occur. See also 5.5,

12.3.6 Minimum foundation depth. Depth of foundation
above bottom reinforcement shall not be less than 150 mm
for foundations on soil, nor less than 300 mm for foundat-
ions on piles.

12.3.7 Tyansfer of force at base of column or reinforced
concrete pedestal

12.3.7.1 All forces and moments applied at base of
column or pedestal shall be transferred to top of support-
ing pedestal or foundation by bearing stress on concrete
and by reinforcement. If the required loading conditions
include uplift, the total force shall be resisted by reinforce-
ment.

12.3.7.2 Lateral forces shall be transferred to foundat-
ions by shear keys, or other means.

12.3.7.3 Bearing stress on concrete at contact surface
between supporting and supported member shall not ex-
ceed concrete bearing strength for either surface as given in

6.3.5.

12.3.7.4 Reinforcement shall be provided across inter-
tace between supporting and supported member either by
extending longitudinal bars into supporting member, or by
dowels.

NZS 3101 : Part 1 : 1982_
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12.3.7.5 Reinforcement across interface shall be suffic-
ient to satisfy both of the following:

(a) Reinforcement shall be provided to transfer all force
that exceeds concrete bearing strength in supporting
or supported member

(b) Area of reinforcement shall not be less than 0.005

times gross area of supported member, with a mini-
mum of four bars,

12.3.7.6 For transfer of force by reinforcement, devel-
opment of reinforcement in supporting und supported
member shall be in accordance with Section 5.

12.3.8 Sloped or stepped foundations

12.3.8.1 In sloped or stepped foundations, angle of
slope or depth and location of steps shall be such that
design requirements are satisfied at every section.

12.3.8.2 Sloped or stepped foundations designed as a
unit shall be constructed to assure action as a unit.

12.3.9 Combined foundations and mats

12.3.9.1 Foundations supporting more than one column,
pedestal, or wall (combined foundations or mats) shall be
proportioned to resist the design loads and induced reactions,
in accordance with appropriate design requirements of this
Code.

12.3.9.2 The design method of Section 11 shall not be
used for design of combined foundations and mats.

12.3.9.3 Distribution of soil pressure under combined
foundations and mats shall be consistent with properties of
the soil and the structure and with established principles
of soil mechanics.

12.3.10 Plain concrete pedestals and foundations

12.3.10.1 Maximum compressive stress in plain concrete
pedestals and foundations on soil shall not exceed concrete
bearing stress as given in 6.3.5. Where concrete bearing
stress is exceeded, reinforcement shall be provided and the
member designed as a reinforced concrete member.

12.3.10.2 Designideal stressesin plain concrete pedestals
and foundations on soil shall not exceed the following:

Flexure — extreme fibre stress in tension . .. .. 0.30 \/ﬂ
Shear —beamaction ........... ... ... 0.17 \/72-
— two-way action . .. ...... ... ... 0.33 \/]_"Z.H

12.3.10.3 Plain concrete shall not be used for foundat-
ions on piles.

12.3.10.4 Depth of plain concrete foundations shall not
be less than 200 mm,
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12.4 Principles and requirements additional to 12.3
for members not designed for seismic loading

12.4.1 General

12.4.1.1 The design of the foundation system shall be
based upon conventional methods of design.

12.4.12 Due consideration shall be given to long-term
settlements to ensure that the service ability of the super-
structure is not impaired by cracking or movement,

12.4.1.3 For piled foundation systems the shell or
casing of a pile may be considered as providing a propor-
tion of the strength of the pile. However, for steel casing
due allowance shall be made for loss of wall thickness by
corrosion.

12.5 Principles and requirements additional to 12.3
for members designed for seismic loading

12.5.1 Designing for ductility

12.5.1.1 The foundation design shall be in accordance
with the provisions of this Code using the factored loading
specified in NZS 4203, or other appropriate loadings code.

12.5.1.2 The foundation system shall maintain its
ability to support the design gravity loads while maintaining
the chosen earthquake energy dissipating mechanisms in the
structure.

12.5.1.3 All members shall comply with the additional
principles and requirements for niembers designed for
seismic loadings as set down in the relevant Sections of this
Code. However, flexural members other than piles which
have an ideal strength not less than the greatest total
seismicload that can be transmitted to them from the super-
structure, need not comply with these requirements.

12.5.2 Potential plastic hinge regions

12.5.2.1 The upper end of every pile shall be reinforced
as a potential plastic hinge region, except where it can be
established that there is no possibility of any significant
moments in the pile resulting from either movement of the
structure relative to the ground or from ground deformat-
ion.

12.5.2.2 The potential plastic hinge region of a pile shall
be considered to be the end region adjacent to the moment
resisting connection and extending from the underside of
the pile cap over alength of not less than either the longest
cross-section of the pile or 450 mm.

88

12.5.3 Reinforcement in piles

12.5.3.1 Minimum longitudinal reinforcement ratio, p;,
in piles shall be as follows:

(a) For piles having a gross area of section, A4, equal to
or less than 0.5 x 10° mm?, p; shall not be less than
2.2(fy

(b) For piles having a cross-sectional area, 4,, equal {0 or

greater than 2 x 10° mm? p; shall not be less than

L/,

(c) For piles having a cross-sectional area, 4,, between
0.5 x 10° mm?,and 2 x 105 mm?, p; shall'not be less
than given by eq. 12-1

_ 2200

Pt, min,~ fy \/ﬂ;

12.5.3.2 Maximum longitudinal reinforcement ratio, o,
in potential plastic hinge regions, shall be as specified for
columins in 6.5.4.2 (b), and shall be arranged as specified
for columns in 6.5.4.2 (c).

. (Eq. 12-1)

12.5.3.3 Transverse reinforcement in piles shall comply
with the following:

(a) In potential plastic hinge regions of piles, the trans-
verse reinforcement shall be as required for columns
and piers, as defined in 6.5.4.3

Adjacent to the potential plastic hinge regions and for
a distance equal to the greatest of three pile diameters
or the length of the potential plastic hinge region,
transverse reinforcement shall be as required for
columns and piers, as defined in Section 6.5.4.3 (d)

6]

(¢c) Over the remainder of the pile the centre-to-centre
spacing of transverse reinforcement shall not exceed
d, unless the pile-soil interaction characteristics
determine a lesser spacing

(d) Transverse reinforcement placed in accordance with

(a), (b) and (c) above extending around longitudinal

bars in the compression and tension faces of the

member cross-section may be assumed to contribute

fully to the shear strength ol the member.
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Notation

depth of equivalent rectangular stress block, mm

area of that part of the cross-section between the
flexural tension face and the centre of gravity of the
gross section

area of concrete at the cross-section considered

area of prestressed reinforcement in tension zone,
I’T]l'l’]2

area of non-prestressed tension reinforcement, mm?
area of compression rein forcement, mm?

width of compression face of member, mm

the ratio of the reduction in resistance moment to the
numerically largest moment, Refer 13.3.10.1 (d)

distance from extreme compression fibre to neutral
axis, mm

distance from extreme compression fibre to centroid
of prestressing steel, or Lo combined centroid when
non-prestressing tension reinforcement is included,
mm

dead loads as defined by NZS 4203
base of Napierian logarithm
earthquake loads as defined by NZS 4203

specified compressive strength of concrete, MPa

compressive strength of concrete at time of initial
prestress, MPa

calculated stress in prestressing steel at design load,
MPa

ultimate strength of prestressing steel, MPa

specified yield strength of prestressing steel, MPa or
the 0.2% proof stress

effective stress in prestressing steel, after losses, MPa

specified yield strength of non-prestressed reinforce-
ment, MPa

overall thickness of member, mm
wobble friction coefficient per m of prestressing steel
reduced live loads as defined by NZS 4203

length of prestressing steel element from jacking end
to any point x, length of span in two way flat plates
in the direction parallel to that of the reinforcement
being determined, mm

tensile force in the concrete under service load

design axial load in compression with given eccen-
tricity due to gravity and seisiic loading acting on
the member simultaneously with shear stress v;
during an earthquake

ideal axial load strength at zero eccentricity

axial load strength of member when the external load
is applied without eccentricity, that is, when uniform
strain exists across section

prestress at jacking end

prestress at any point

NZS 3101 : Part 1 : 1982
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U  required strength in accordance with appropriate
design loadings code

a total angular change of prestressing steel profile in
radians from jacking end to any point x

M curvature friction coefficient

o Agbd
ratio of non-prestressed tension reinforcement

p Aglbd
Apg/bd

ratio of prestressed reinforcement

10} strength reduction factor. (See 4.3.1.2)

13.2 Scope

13.2.1 Provisions in this Section apply to structural
members prestressed with high strength steel meeting the
requirements for prestressing steels of the Concrete Con-
struction Code NZS 3109.

13.2.2 The following provisions ol the Code shall not
apply to prestressed concrete unless specifically noted:

Clauses 3.3.3.4, 3.3.6.2 (a), 3.3.6.2 (b), 3.3.6.2 (c),
342,64.12,6.4.2,64.3,6.4.6 and Section 11. All other
provisions of this Code shall apply.

13.3 General principles and requirements
13.3.1 General considerations

13.3.1.1 Members shall meet the strength and service-
ability requirements specified in this Code. Design shall be
based on strength and on behaviour at service conditions at
all stages that may be critical during the life of the structure
from the time the prestress is first applied.

13.3.1.2 Stress concentrations due to the prestressing
shall be considered in the design.

13.3.1.3 The effects on parts of the structure or adjoin-
ing structure of elastic and plastic deformation and deflec-
tions shall be provided for. The effects of temperature,
creep, and shrinkage shall be considered.

13.3.1.4 The possibility of buckling in a member be-
tween points where the concrete and the prestressing steel
are in contact and of buckling in thin webs and flanges shall
be considered

13.3.1.5 In calculations of section properties prior to
bonding of tendons the effect of loss of area due to open
ducts shall be considered. In pre-tensioned members and in
post-tensioned members after grouting, section properties
may be based on gross sections, net sections, or effective
sections using transformed areas of bonded tendons and
reinforcing steel.

13.3.1.6 Where tendons are subjected to deviations, the
forces caused by these deviations shall be allowed for.
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13.3.1.7 Reinforcement for shrinkage and temperature
stresses normal to the dircction of prestress shall be pro-
vided, where appropriate, in accordance with 5.3.32.

13.3.2 Basic assumptions

13.3.2.1 In designing for strength, the assumptions pro-
vided in 6.3.1 shall apply,

13.3.2.2 In investigating sections as service loads, after
transfer of prestress and at cracking load, elastic theory
shall be used with the following assumptions:

(a) Strains vary linearly with depth through the entire
load range

(b) At any section where the permissible concrete tensile
stresses are exceeded the section shall be assumed to
be cracked and to have no tension capacity in any
part of that concrete section.

13.3.23 For prestressed members ideal axial load
strength 2; shall not be taken greater than 0.85 or 0.80 of
the ideal axial load strength at zero eccentricity P, for
members with spiral and tie reinforcement respectively.

13.3.3 Unbonded tendons :

(@) The use of unbonded tendons is permitted provided
they are in accordance with NZS 3109 and the en-
vironment is not aggressive except that for bridge
structures special approval will be required for their
use

(b) Bonded reinforcement shall be provided in accordance
with 13.3.8

(¢) Design strength shall be computed in accordance with
13.3.6.

13.3.4 Permissible stresses in steel at jacking :

(a) Due to jacking force at any stage of the stressing
operation . ..................... 0.80 fpu
or 0,94 fpy
whichever is the smaller, but not greater than the
maximum value recommended by the manufacturer

of the steel or of the anchorages

b) Pretensioning tendons immediately after transfer, or
g

post-tensioning tendons immediately after anchor-

ing . ... O.70fpu

(c)  Under service load the requirements of 13.4.1.1 (b)
shall be satisfied.

13.3.5 Loss of prestress
133.5.1 To determine the effective prestress, allow-
ance for the following sources of loss of prestress shall be

considered:

(a)  Anchorage seating
(b) Elastic shortening of concrete
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(¢) Creep of concrete

(d) Shrinkage of concrete

(e) Relaxation of steel stress

(f)  Frictional loss due to intended or unintended curva-
ture in the tendons..

13.3.5.2 Friction losses in post-tensioned steel shall be
based on experimentally determined wobble and curvature
coefficients, and shall be verified during stressing operat-
ions. The values of coefficients assumed for design, and the
acceptable ranges of jacking forces and steel elongations,
shall be defined. These friction losses shall be calculated as
follows:

P, = Pe” (K2 + pa)

(Eq. 13-1)
When (K2+ pa) is not greater than 0.3, eq. 13-2 may be
used:
Py
Py = ([ +K0# pa) (Bq. 13-2)
13.3.5.3 When prestress in a member may be reduced
through its connection with adjoining elements, such reduc-
tion shall be allowed for in the design.

13.3.6 Flexural strength

13.3.6.1 Flexural strength of members shall be com-
puted by the strength design methods given in this Code.
For prestressing steel, f, s shall be substituted for f,. In lieu
of a more precise determmatlon of f,5, and provided that
fse 1s not less than 0.5 fpu: the following approximate
values shall be used:

(a) Bonded prestressing steel

f
fps = Tpu (105 p,E5) .+ (Bq. 133)
fe
(b) Unbonded prestressing steel
fps = fee 1100 (Eq. 13-4)

13.3.6.2 Non-prestressed reinforcement, when used in
combination with prestressed steel, may be considered to
contribute to the tensile force in a member at design load
moment, a force equal to its area times its yield stress.

13.3.7 Size and number of prestressing tendons

13.3.7.1 The maximum number and size of prestressing
teidons shall be governed by strain compatibility calculat-
ions performed in accordance with the assumptions listed in
63.1.

13.3.7.2 The minimum number and size of prestressing
tendons and non-prestressed reinforcement shall be ade-
quate to develop a design moment in flexure greater than
the moment at the cracking moment of the concrete when
allowance is made for likely variations in prestress and
strenpth of materials. In the absence of special studies, it
may be assumed that the maximum concrete tensile stress
prior to cracking is 1.0 \/fcrprovided allowance is made for
a variation of 10% in the calculated level of prestress at the
section under consideration.
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13.3.8 Minimum bonded reinforcement where unbon-
ded tendons are used

13.3.8.1 Except for two-way flat plates defined as solid
slabs of uniform thickness, the minimum amount of bonded
reinforcement, Ag, in members containing unbonded pre-
stressing tendons shall be:
Ag = 0.0044 (Eq. 13-5)

The bonded reinforcement shall be uniformly distribu-
ted over the pre-compressed tension zone as close as prac-
ticable to the extreme tension fibre. This bonded reinforce-
ment shall be required regardless of the service load stress
condition.

13.3.8.2 In two-way flat plates containing unbonded
prestressing tendons, the minimum amount and distribution
of bonded reinforcement, Ag shall be as follows:

Bonded reinforcement shall not be required in posi-
tive moment areas where the concrete tensile stress at
service load, after all prestress losses, does not exceed

0.17/71

(@)

In positive moment areas, where the concrete tensile
stress at service load is greater than 0.17 \/fc" the
minimum area of bonded reinforcement, Ay shall be

(®)

N,

= 557, (Eq. 13-6)

A

and f, shall not exceed 410 MPa, The bonded rein-
forcement shall be uniformly distributed over the pre-
compressed tension zone as close as practicable to the
extreme tension fibre

In negative moment areas at column supports, the
minimum area of bonded reinforcement, Ag, in each
direction shall be

©

Ag = 0.00075 hl (Eq. 13-7)
where [ is the length of the span in the direction
parallel to that of the reinforcement being deter-

mined.

The bonded reinforcement shall be distributed
within a slab width between lines that are 1.5 k out-
side opposite column faces and shall be spaced not
greater than 300 mm and not less than four bars or
wires shall be provided in each direction.

13.3.8.3 Bonded reinforcement required by 13.3.8.1
and 13.3.8 2 shall have minimum lengths as follows:

(a) Negative moment areas: Sufficient to extend to one-
sixth of the clear span on each side of the support
(b) Positive moment areas: One-third of clear span length.

The reinforcement shall be centred in the positive
moment area

NZS 3101 : Part 1 : 1982
Section 13

When bonded reinforcement is required for flexural
strength in accordance with 13.3.6 or for tensile
stress conditions in 13.3.8.2 (b) the length of this
reinforcement shall also conform to the provisions of
Section S.

©

13.3.9 End regions

13.3.9.1 Reinforcements shall be provided when required
in the anchorage zone to resist bursting, horizontal splitting,
and spalling forces induced by the tendon anchorages.
Regions of abrupt change in section shall be adequately
reinforced.

13.39.2 End blocks shall be provided when required
for end bearing or for distribution of concentrated pre-
stressing forces.

13.3.9.3 Post-tensioning anchorages and the supporting
concrete shall be designed to support the maximum jacking
load at the concrete strength at time of prestressing, and
the end anchorage region shall be designed to develop at
least 95% of the guaranteed ultimate tensile strength of the
tendons, or the calculated tensile force whichever is the
greater with a value of ¢ = 0.90.

13.3.10 Redistribution of design moments

13.3.10.1 Redistribution of the design moments ob-
tained by elastic analysis may be carried out in accordance
with all the following provisions:
(a) Equilibrium between the internal forces and the
external loads shall be maintained under each approp-
riate combination of design loads

The design strength after redistribution provided at
any section of a member shall be not less than 80% of
the moment for that section obtained from an elastic
moments envelope covering all appropriate combinat-
ions of design loads

(®)

The elastic moment at any section in a member due
to a particular combination of design loads shall not
be reduced by more than 20% of the numerically
largest moment given anywhere by the elastic mo-
ments envelope for that particular member, covering
all appropriate combinations of design load

(c)

Where, as a result of redistribution, the design strength
of a section is reduced, and where special confining
steel has not been provided in the concrete compres-
sion zone,

(d

¢c<(0.5-B)d (Eq. 13-8)
where B is the ratio of the reduction in resistance
moment to the numerically largest moment given
anywhere by the design elastic analysis for that par-
ticular member covering all appropriate combinations
of design load

No moment redistribution is permitted for service
loads.

(©)
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13.3.10.2 The moments to be used in design shall be
the sum of the moments due to reactions induced by pre-
stressing (with a load factor of 1.0) and the moments due
to design dead and live loads including redistribution as
permitted in 13.3.10.1,

13.3.11 Shear strength.

The requirements of 7.3.3
shall be satisfied.

13.4 Principles and requirements additional to 13.3 for
tnembers not designed for seismic loading

13.4.1 Serviceability

13.4.1.1 General. In general the requirement for ade-
quate performance under service load will be achieved
either by designing on the basis of the homogeneous or
uncracked section or by performing an analysis based on
the cracked section in accordance with 13.3.2:

(a) When the section is analysed on the basis of the un-
cracked (that is, homogeneous) section the flexural
concrete stresses shall be not more than appropriate
values in table 13.1

(b) When the section is analysed on the basis of the
cracked section in accordance with the principles of
13.3.2 bonded steel (whether non-prestressed or pre-
stressing steel) must be present. For this case the
compressive stresses in the concrete and the range of
stress (that is the total maximum variation from com-
pression to tension for non-prestressed steel and the
increase in tension for prestressing steel) in the
bonded steel shall be not more than the appropriate
values in table 13.2. In addition the maximum ten-
sion in the prestressing steel at transfer and in the
final service condition after all design losses shall not
exceed 0.70 fpy,.

(c) The exception for which the stress limits of table
13.2 do not apply and special studies are mandatory
are;

(1) Two way slab system
(2) Structures that are located in an aggressive
environment,

13.4.1.2 Crack widths. The crack width limits of 4.4.2
shall be satisfied. The spacing of tendons or a combination
of tendons and non-prestressed reinforcing shall not exceed
the maximum spacing allowed for reinforcing bars in 5.3.5.

13.4.1.3 Deflections. The deflection limits of the
appropriate general design code (refer 4.4.1.4) shall be
satislied. For caleulations of deflection it is permissible
to assume that the section is uncracked provided the con-

crete tensile flexural stress is less than 1.0 /77, Refer
4.4.1.3 (o).

13.4.1.4 Frequently repetitive loads. For members
subject to frequently repetitive loads the possibility of
inclined diagonal tension cracks forming under lesser
stresses than under static loading shall be taken into account
in the design.
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13.4.1.5 Prestress variation. In all cases where curva-
ture occurs in post-tensioning tendons allowance shall be
made for variation of the tendon force at any point of £5%
from the calculated values.

13.4.2 Slab systems. Prestressed slab systems reinforced
for flexure in more than one direction shall be analysed and
designed by a method which will account for column stiff-
nesses, rigidity of slab-column connection, and for the
effect of prestressing in accordance with 13.3.1. Approxi-
mate moment coefficients developed for reinforced con-
crete slab design are not applicable,

13.4.3  Compression members - Combined axial load
and bending

13.4.3.1 Members with average prestress of 1.5 MPa or
higher shall be subject to the other provisions of this Clause.
Members with average prestress less than 1.5 MPa shall have
minimum reinforcement in accordance with Section 5.
Average prestress is defined as the total effective prestress
force divided by the gross area of the concrete.

13.4.32 Combined axial load and bending. Prestressed
concrete members under combined axial load and bending,
with or without non-prestressed reinforcement, shall be
proportioned by the strength design method given in this
Code for members without prestressing. The effects of pre-
stress, shrinkage, and creep shall also be included and where
appropriate serviceability shall be verified. The minimum
amounts of reinforcement specified in Section 5 may be
waived where average prestress is over 1,5 MPa and a struc-
tural analysis shows adequate strength and stability.

13.4.3.3 Transverse reinforcement. Except for walls,
all prestressing steel shall be enclosed by transverse rein-
forcement conforming to 6.4.7.1 or 6.4.7.2. Transverse
reinforcement shall be located at not more than one-half a
spacing above the floor or footing and at not more than
one-half a spacing below the lowest horizontal reinforce-
ment in the slab or drop panel above. Where beams or
brackets provide enclosure on all sides of the column, the
transverse reinforcement may be terminated not more than

75 mm below the lowest reinforcement in such beams or
brackets.

13.5 Principles and requirements additional to 13.3 for
prestressed members designed for seismic loading

13.5.1 General. This Section covers the design of pre-
stressed and partially prestressed concrete members of duc-
tile moment resisting frames and joints between such
members.

13.5.2 Concrete:

(a) fc'. shall not exceced 55 MPa unless special transverse
reinforcement in accordance with 6.5.4.3 is provided
in potential plastic hinge regions

(b) Post-tensioned tendons in moment resisting frame
members shall be grouted, except as allowed by
13.5.5.3.
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PERMISSIBLE CONCRETE STRESSES IF SECTION DESIGNED ON THE BASIS
THAT IT IS UNCRACKED

Stresses in MPa

Load category
1 Vi 17 v
s Immediately after Permanent loads plus | Specified service loads | Permanent loads plus
tress case p , i A L
transfer before time variable loads of long | for buildings where |infrequent combinations
dependent losses duration, or permanent | load category II does of transient loads
loads plus frequently not apply
repetitive loads

Compression 0.6 fr 0.4 fr 0.45 f, 0.55 f¢
Tension Across Zero zero Zero ZeT0
construction joints
Tension in ) ’ ’

ot 0.5 ; Ze10 0.5 0.5
monolithic concrete Vi Vie Vie

Table 13.2 PERMISSIBLE CONCRETE COMPRESSIVE STRESSES AND STEEL STRESS RANGE
FOR CRACKED SECTION DESIGN

Stresses in MPa

Stress case

Load category

/

Immediately after
transfer before time

/0

Permanent loads plus
variable loads of long

I

Specified service loads
for buildings where

v

Permanent loads plus
infrequent combinations

dependent losses duration, or permanent | load category II does of transient loads
loads plus frequently not apply
repetitive loads
Compression 0.6 f; 0.4 f, 0.45 f, 0.55f,
Steel stress 200 100 200 200

range

13.5.3 Design of beams

13.5.3.1 Dimensions of prestressed beams shall be in
accordance with the provisions of 6.5.2.

13.5.3.2 Provided the limits to flexural steel are in

accordance with

13.5.3.3,

elastically derived bending

moments may be redistributed in accordance with the pro-

visions of 3.5.3.4.

13.5.3.3 The content of prestressed plus non-prestressed
flexural steel shall be such that at the flexural capacity of
sections in potential plastic hinge zones

a/h <02

(Eq. 13:9)

unless special transverse reinforcement is provided in accor-
dance with 6.5.4.3, in which case

a/h <03

(Eq. 13-10)

13.5.3.4 The effective flexural steel near column faces
in T and L beams built integrally with slabs shall be subject
to the provisions of 6.5.3.2 (¢) (1) to (4) inclusive. In all
cases at least 75% of the tensile force capacity in each face,
providing the required flexural capacity, shall be provided
by steel passing through, or anchored in, the column core.
When longitudinal steelis governed by the load combination
U= 14D + 1.7Lpg, then only 75% of the tensile force
capacity required for the load combination U=D + 1.3Lp
+ E is required to be provided by steel passing through or
anchored in the column core.

13.5.3.5 Stirrup ties shall be provided in potential
plastic hinge zones in accordance with the provisions of
6.5.3.3.

In all cases in potential plastic hinge zones the stirrup
ties shall not be less than 10 mm diameter and the dis-
tance between vertical legs of stirrup ties across the section
shall not exceed 200 mm between centres in each set of
stirrup ties.
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13.5.4 Design of columns

13.54.1 Design of prestessed columns in moment
resisting frames shall be subject to the provisions of 6.5.1
and 6.52 and to the additional requirements of 13.5.4.2,
13.54.3,and 13,54 4,

13.5.4.2 The flexural strength of'a column section shall
be greater than the maximum likely column cracking
moment, as calculated in accordance with 13.3.6 including
the effect of axial load and prestress; except that this re-
quirement shall not apply if cracking of the column does
not occur under the action of the maximum anticipated
flexural demand,

13.5.4.3 Special transverse reinforcement in accordance
with 6.5.4.3 shall be provided

13.54.4 Longitudinal prestressed or non-prestressed
steel in potential plastic hinge regions shall not be spaced
further apart between centres than one-third of the length
of the section dimension in that direction, but need not be
less than 200 mm apart. Where longitudinal reinforcing bars
are also utilized as vertical shear reinforcement in beam-
column joint cores the distribution of bars shall be in accor-
dance with 9.5.5 5.

13.5.4.5 Shear strength requirements. Shear strength
requirements shall be in accordance with the provisions of
Section 7. At sections of beams and columns designed to
provide ductility by plastic hinging, the value of P, in
eq. 741 shall include the prestress force, after losses, of
only those tendons situated within the central third of the
section depth. At sections away from potential plastic hinge
regions, P, may include the prestress force, after losses, of
all tendons at the critical section.
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13.5.5 Joints in prestressed frames

13.5.5.1 Anchorages for post-tensioned tendons shall
not be placed within beam-column joint cores,

13.5.5.2 Except as provided by 13.5.5.3 the beam pre-
stressing tendons which pass through joint cores shall be
placed at the face of the columns so that at least one
tendon is centred at not more than 150 mm from the beam
top and at least one at not more than 150 mm from the
beam bottom.

13.5.5.3 When partially prestressed beams are designed
in which the non-prestressed reinforcement provides at least
80% of the design resisting moment for earthquake plus
gravity load combinations, prestress may be provided by
one or more tendons passing through the joint core and
located within the middle third of the beam depth, at the
face of the column. In such cases post-tensioned tendons
may be ungrouted, provided anchorages are detailed to
ensure that anchorage failure, or cable de-tensioning,
cannot occur under seismic loads.

13.5.54 Ducts for post-tensioned grouted tendons
through beam-column joints shall be corrugated, or shall
provide equivalent bond characteristics.

13.5.5.5 Connections between precast members at
beam-column joints shall be acceptable provided that the
jointing material has sufficient strength to withstand the
compressive and transverse forces to which it may be sub-
jected. The interfaces shall be roughened or keyed to ensure
good shear transfer and the retention of the jointing mater-
ial after cracking.

13.5.5.6 Design of joint reinforcement shall be in
accordance with the provisions of 9.5.
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14 SEISMIC REQUIREMENTS FOR STRUCTURES OF
LIMITED DUCTILITY

9

14.1 Notation

o
og

gross area of section, mm?

gross area of concrete located between the compressive
edge of the section and a line 0.2 & therefrom, mm?
2

h g
-

“%

area of all longitudinal reinforcement within 4§, mm

L NN
2
=

total effective area of hoop bars and supplementary
cross-ties in direction under consideration within the
spacing, sy, mm?

earthquake load specified in NZS 4203 or other ap-
propriate loadings code

specified compressive strength of concrete, MPa
square root of specified compressive strength of
concrete, MPa

specified yield strength of non-prestressed reinforce-
ment, MPa

< s
Y

fyh specified yield strength of hoop or supplementary
cross-tie reinforcement, MPa

h overall depth of member, mm

m fy/0.85fc'

M, moment resulting from loading combination U,

involving earthquake loads, N mm

Q*

M, referred to mid-depth of the section, N mm

X5

moment associated with £, N mm

KQ

ideal flexural strength, N mm

design axial load, due to loading U, involving earth-
quake loads, N

reduction factor for confinement

X
o

spacing of hoops or supplementary cross-tie reinforce-
ment sets, mm

)
=

o5

structural type factor, specified in NZS 4203 and in
14.4.1

design load combination specified in NZS 4203 or
other appropriate loadings code

Q

For M, MY, V, and P, the combinations are those
involving earthquake loads

ideal shear stress provided by the concrete, MPa

<
ﬂSn

shear force resulting from loading combination U,
involving earthquake loads, N

shear force associated with £, N

<

ideal shear strength, N

strength parameter used for confinement criteria

RIS

ratio of all longitudinal reinforcement within AE,
equal to A/AF
strength reduction factor

<

142 Scope

14.2.1 Section 14 covers the design and detailing re-
quirements for members in structures of limited ductility
subjected to earthquake induced loading.
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14.2.2 The requirements of this Section relate specifi-
cally to members for which design actions have been deter-
mined using the limited ductility design procedure specified
in NZS 4203 or equivalent procedures specified in other
appropriate loadings code.

14 2.3 Structures designed by the elastic response
design procedure specified in NZS 4203 or equivalent
procedures specified in other appropriate loadings code
need not comply with the requirements of this Section.

14.3 Interpretation

14.3.1 General. Except as otherwise provided in this
Section, the “General principles and requirements” and the
““Additional principles and requirements for members not
designed for seismic loading” specified in other Sections of
this Code apply to members designed to the provisions of
this Section, but the ‘“Additional principles and require-
ments for members designed for seismic loading” specitied
in other Sections of this Code, with the exception of the
relevant clauses of Section 3, do not apply.

14.3.2 Bridge structures. The design of bridge structures
shall comply with the additional requirements of Section
14.10.

14.3.3 Alrernative design and detailing

14.3.3.1 Notwithstanding the provisions for design and
detailing specified in this Section, nothing in this Section
shall prevent the adoption of the seismic requirements of
other Sections of this Code, provided that the design and
detailing of each structural element so designed and detailed
complies consistently with those requirements.

14.3.3.2 Where the requirements of other Sections of
this Code are applied in accordance with 14.3.3.1, and it
is established that the design strength furnished is at least as
great as is implied for structures of limited ductility as
covered by this Section, then the detailing requirements for
reinforcement specified in other Sections of this Code may
be waived, and the detailing requirements for reinforcement
specified in this Section substituted.

14.4 General design considerations

14.4.1 Structural type factors

14.4.1.1 The structural type factor, S, used in design
shall be as specified in NZS 4203 or other appropriate load-
ings code.

14.4.1.2 Where not specifically identified in the appro-
priate loadings code, the value of S used in design shall be
taken as the ratio between the equivalent lateral static
force specified for structures of limited ductility, to that
specified for fully ductile structures.

14.4.1.3 For bridges, the intent of 14.4.1.2 shall be
deemed to be met if the loadings used in design are derived
from lateral force coefficients consistent with an assumed
displacement ductility factor of three or less.
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14.4.1.4 In buildings of more than four storeys measured
to the uppermost principal concrete floor or roof:

(@)  Frames shall be the subject of a special study for the

selection of the appropriate structural type factor
(b)  For walls or piers with openings, the structural type
factor shall be interpolated in a rational manner
between that value specified for uniform walls with-
out openings and that required for frames in accor-
dance with (a).

14.4.1.5 When a penetrated wall or a system of coupled
walls can be rationalized into two or more walls, with or
without openings, through the exclusion of elements by the
assumed removal of flexural continuity, then:

(a) The residual structure shall be designed to resist the
entire lateral seismic load;
(b) Interpolation, as required in 14.4.1.4 (b), may be

applied to each resulting wall separately;and

(c) Elements so excluded shall be designed as secondary
elements in accordance with 3.5.14.

14.42 Required strengths

14.42.1 Shear strengths provided shall have a suitable
margin over required flexural strengths, as derived from the
structural ty pe factor used for flexural design in end regions,
such that

Vi > Ve+(§_ 1) Vey . (Eq. 14-1)

14.4.2.2 Unless design and detailing, as specified in this
Section for the end regions, is employed throughout the
structure, flexural strength provided outside of the desig-
nated end regions shall be such that
¢Mi>Me+(%~ 1) Mg . (Eq. 14-2)

14.42.3 Where redistribution of moments in accor-
dance with 3.5.3.4 is carried out, the seismic actions to

which 14.4.2.1 or 14.4.2.2 apply may be assumed to be
either:

(@) Those resulting from an elastic analysis of the struc-
ture, before redistribution, or

(b) Those derived from a general analysis taking the

effects of redistribution into account.

14.4.3 Capacity design and design for concurrency.
Except as specifically required by 14.3.3 in meeting the
alternative requirements of other Sections of this Code,
capacity design or design for concurrent earthquake effects
from loadings in two principal directions is not required for
structures or structural elements designed to the require-
ments of this Section.

14.5 End regions

14.5.1 Designation of end regions
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14.5.1.1 Regions of potential {lexural hinging, the end
regions, shall be identified by the designer and suitably
designed and detailed to the provisions of this Section.

14.5.1.2 Beyond the designated end regions, the addit-
ional seismic requirements of this Section, with respect to
detailing only, need not be complied with.

14.5.2 Extent of end regions

14.5.2.1 For any member in which the provisions of
14.4.2.2 are not met, the extent of the end region shall be
assumed to be the full length of the member.

14.5.2.2 For each member in which the provisions of
14.42.2 are met, the extent of the end region shall be as
follows:

(@)  For walls, including those which are analysed with all
beams framing into them treated as secondary in
accordance with 3.5.14 and 14.4.1.5, the height of
the end region, measured from the base of the wall,
shall be assumed to be equal to the greater of the
horizontal length of the wall or onesixth of the
height of the wall

(b)  For columns, the height of the end region, measured

from the face of intersecting beams, shall be assumed

to be equal to the overall depth of the column

(¢) For columns complying with the provisions for walls
in (a), the height of the end region may be assumed
to be as specified for walls in (a)

(d) For beams, the length of the end region, measured

from the face of the intersecting columns, shall be

assumed to be equal to the overall depth of the beam

(¢) For piles, the length of the end region, measured
from the underside of the pile cap, shall be assumed
to be the greater cross-sectional dimension of the pile,
or the pile diameter, as appropriate.

14.6 Design for flexure and axial load
14.6.1 General

14.6.1.1 Design for flexure, with or without axial load,
shall comply with the provisions of Section 6, within the
terms of 14.3.

14.6.1.2 Within the end region, the requirements of
14.6.2 apply.

14.6.1.3 Beyond the end region, the requirements of
14.4.2.2 apply, but 14.6.2 does not apply.

14.6.2 Confinement within the end regions

14.6.2.1 Where the value of <y, calculated in accordance
with eq. 14-3, exceeds 1.0, members with a single layer of
reinforcement shall not be used, and that part of the
member cross-section defined by AE shall be confined in



© The Crown in right of New Zealand, administered by the New Zealand Standards Executive. Access to this standard has been sponsored by the Ministry of Business, Innovation, and Employment under copyright license LN001498. You are not

permitted to reproduce or distribute any part of this standard without prior written permission from Standards New Zealand, on behalf of New Zealand Standards Executive, unless your actions are covered by Part 3 of the Copyright Act 1994.

97

accordance with 14.6.2.2 and 14.6.2.3. In no case shall y
exceed 3.0

_ M{+03Ph
0.6 ¢fpAgh
14.6.2.2 Where vy exceeds 1.0, the area of transverse

reinforcement, Agy, shall be at least that given by

04 (Eq. 14-3)

Agh = R (0.02sphf¢/fyn) . (Eq. 14-4)
where R, is given by
- Y
<R, = [+ — . (Eq. 14-
0 <R, [l+p*m 1] (Eq. 14-5)

in which p*m shall be such that R, is equal to or less than
1.0.

14.6.2.3 The reinforcement Agy shall consist of hoops
or supplementary cross-ties or both arranged as specified
for flexural members in 6.4.4, except that the spacing of
hoops or supplementary cross-ties or both along the longi-
tudinal reinforcement placed within the area 4% shall not
exceed ten times the diameter of such longitudinal rein-
forcement.

14.6.3 Lateral tying of longitudinal reinforcement

14,6.3.1 Notwithstanding that 7, as computed from
eq. 14-3 is less than unity, all longitudinal reinforcement
within 4% in the end region shall be tied as required by
14.6.2.3 except as provided in 14.6.3.2.

14.6.3.2 For the end regions of walls, the requirements
of 14.6.3.1 need only be met when there are two layers of
reinforcement and the ratio of longitudinal reinforcement
exceeds 3/fy.

14.6.4 Longitudinal reinforcement in the end regions of
walls

14.6.4.1 The ratio of longitudinal reinforcement over
any part of the cross-section shall be not less than 0.7/fy,
nor more than 16/fy.

14.6.4.2 The diameter of bars used shall not exceed
one-eighth of the wall thickness at the bar locality.

147 Design for shear

14.7.1 Design strength. The shear strength provided
throughout the structure, including joints and foundations,
shall satisfy the requirements of 14.4.2.1.

14.7.2 Shear stress provided by concrete

14.7.2.1 Within the end region, v, may be assumed to
be one-half that specified in 7.3.2 or 7.3.14 as approp-
riate, but need not be assumed to be less than

ve = 0.4 (Po/Ag) (Eq. 14-6)
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14722 Beyond the end region the shear stress pro-
vided by the concrete, v, may be assumed as that specified
in 7.3.2 or 7.3.14, as appropriate.

14.7.3 Shear reinforcement within the end region

14.7.3.1 The maximum spacing of shear reinforcement
within the end regions shall not exceed one-quarter of the

effective depth of the member.

14.7.3.2 Lateral reinforcement provided in accordance
with 14.6.2 or 14.6.3, when satisfying the requirements for
shear reinforcement, may be assumed to contribute fully to
the required shear strength.

14.8 Special provisions for slabs and face loaded walls

14.8.1 Face loaded walls providing the lateral seismic
resistance to the structure shall be designed as slabs or as
columns as appropriate as specified herein.

14.8.2 Where the maximum design axial compressive
stress on the wall cross-section exceeds 0.1 fc"> the wall shall
be designed as a column, but otherwise may be designed as
aslab,

14.8.3 Where the requirements for columns apply, in
accordance with 14.8.2, or where the applied shear stress
exceeds the value of v, specified in 14.7.2.1, walls with a
single layer of reinforcement shall not be used.

14.8.4 Where the requirements for slabs apply, or where
they may be applied to walls in accordance with 14.8.2, the
provisions relating to transverse reinforcement in the end
region, as specified in 14 <2 and 14.6.3, need not be com-
plied with,

14.8.5 In all cases the provisions for longitudinal rein-
forcement specified in 14.6.4 shall be met.

14.8.6 In all other respects, slabs and face loaded walls
shall comply with the requirements of this Section.

14.9 Special provisions for diaphragms
14.9.1 Type 1 diaphragms

149.1.1 Type 1 diaphragms are diaphragms intended to
transfer earthquake induced horizontal floor forces to
primary lateral load resisting elements. They shall be
designed as provided in this clause.

149.12 Type 1 diaphragms shall be designed for a
shear strength satisfying 14.4.2.1.

149.1.3 Type 1 diaphragms shall be designed as pro-
vided for walls in this Section, except when it can be shown
that the diaphragm can introduce loads corresponding to
the elastic response design procedure into the lateral load
resisting system.

In applying the provisions relating to walls, the whole
diaphragm shall be designed and detailed as required for
end regions.
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149.2 Type 2 diaphragms. Type 2 diaphragms are
those required to transfer horizontal seismic shear forces
from one vertical primary lateral load resisting element to
another. They shall be designed for loadings consistent with
the elastic reponse design procedire. In this case the pro-
visions for walls specified in this Section need not be
applied.

14.9.3 General requirements

14.9.3.1 These general requirements apply to type 1
and type 2 diaphragms.

14.9.3.2 The loading on a diaphragm shall not be less
than that corresponding to the seismic design coefficients
specified in NZS 4203 for parts and portions of buildings.

14.9.3.3 Diaphragms shall be reinforced in both direc-
tions as two-way slabs, satisfying the requirements of
5.3.32.

14.9.3.4 Where joints across diaphragms are provided,
only the effective area over which interface shear transfer,
in accordance with 7.3.11, can occur, shall be considered.

14.9.3.5 Where precast elements are used for floor con-
struction, cast-in-place reinforced concrete topping, at least
50 mm thick, may be used to transfer seismic shear forces
through diaphragm action, provided that:

(@) Minimum reinforcement in two directions in accor-
dance with 5.3.32 is placed in the topping slab

(b) Composite action of the precast elements and topping
for gravity load is relied on, and proper bonding of
the cast in situ topping to the surface of the precast
elements, as required by 8.4.1.4 for composite mem-
bers, is assured

(c) Composite action for gravity loading is not relied on,
but the surface of the precast element is clean and
free from laitance and is intentionally roughened

(d) When the requirements of 14.9.3.5 (b) or (c) are
satisfied and the shear stress due to diaphragm shear
transfer by the topping alone exceeds 0.3 fe or
when the surface of the precast element is not specifi-
cally prepared for proper bonding:

(1) Ties with an effective area of 40 mm? per m?
of floor area, or equivalent connectors, shall
connect the topping to the precast element

(2) Spacing of connectors shall not exceed
1500 mm, and the tributary area of topping

reliant on each connector shall not exceed
2.25 m?
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(3) Connectors shall engage horizontal reinforce-
ment, or shall be otherwise effectively an-
chored into both the topping and the precast
elements.

14.10 Special requirements for bridges

14.10.1 Form. The designer shall choose a structural
form with as predictable behaviour as is feasible.

14.10.2 Foundations. Except where it can be shown
that deformation of foundation members occurs in a pre-
dictable and ductile manner, all primary gravity load
resisting foundation members shall be designed with a suit-
able margin of strength over the forces corresponding to
yield of the superstructure.

14.10.3 Members resisting forces from bearings

14.10.3.1 The dependable flexural and shear strength of
members resisting the shear forces from sliding bearings
shall have a suitable margin over the forces corresponding
to the maximum likely coefficient of friction. Adequate
account shall be taken of any additional moments which
may be induced -in the member as a result of earthquake
actions along both major axes of the structure concurrently.

14.10.3.2 The dependable flexural and shear strength of
members resisting the shear forces from elastomeric bearings
shall have a suitable margin over the forces in those mem-
bers derived from the elastic analysis for the design loadings.

14.10.4 Displacements

14,10.4.1 At points where relative movements between
structural components are possible during earthquake
response, such as at deck movement joints, clearances shall
be provided of size not less than the relative deflection
derived from the elastic analysis for the design loading.

14.10.4.2 Where appropriate, rubber buffers, or other
devices, shall be used to reduce impact forces which may
occur between major structural components during a severe
earthquake.

14.10.5 Structural integrity

14.10.5.1 Positive horizontal linkage shall be provided
between adjacent sections of superstructure at supports and
hinges, and between superstructures and their supporting
abutments.

14.10.5.2 Holding down devices shall be provided at all
supports and hinges where horizontal deflections of the
superstructure can cause an appreciable reduction in the
gravity load reaction between superstructure and bearings.
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15 STRENGTH EVALUATION OF

EXISTING STRUCTURES
15.1 Notation

dead loads, or their related internal moments and forces

y:P‘arg of the Copyrig

overall thickness of member, mm

b
~

span of member under load test (the shorter span of flat
slabs and of slabs supported on four sides). The span,
except as provided in 15.4.2.9, is the distance between
the centres of the supports or the clear distance between
the supports plus the depth of the member, whichever is
the smaller, mm

our actions are covered b

S

design live loads, including impact where appropriate, or
their related internal moments and forces

Lr reduced live loads as defined by NZS 4203 or their
related internal moments and forces

unless

[=2)

maximum deflection under test load of a member rela-
tive to a line joining the ends of the span, or of the free
end of a cantilever relative to its support, mm.

Executive,

15.2 Strength evaluation — General

15.2.1 If doubt develops concerning the safety of a
ructure or member, or if information is required about
he load capacity of a structure in service for purposes of
ixing load limits, the Engineer may order a structural
strength mvestlgatlon by analysis or by means of load tests,
r by a combination of analyses and load tests.

= =

9n behalf of New Zealand Standards

15.3 Analytical investigations

15.3.1 Field investigation. If the strength evaluation is
analysis, a thorough field investigation shall be made of
¢ dimensions and details of the members, properties of
the materials, and other pertinent condmons of the struc-
ure as actua]ly built.

<

m Standards New Zealagd

n {ro

15.3.2 Requirements of Code to be met. The analyses
ased on the investigation required by 15.3.1 shall satisfy
the Engineer that the load factors or permissible stresses
nd design loads meet the requirements and intent of this
ode or other requirements specified by the highway
uthorlty See also 15.6.

HED germissio
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15.4 Load tests
1541 General
154.1.1 If the strength evaluation is by load tests, a

ualified engineer acceptable to the Engineer shall super-
ise such tests.

y@avg of this standard withou

154.12 Critical components shall be identified by
nalys1s prior to testing. Analysis shall include, in particu-
ar, a check on shear strength of members.

stribute an

rocli

154.1.3 A load test shall not be made until every por-
ion of the structure to be subject to load is at least 56 days
Id, except that when the owner of the structure, the con-
actor and all involved parties mutually apree, the test

ay be made at an earlier age.

jtted t%rep.roduce 0
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154.14 When only a portion of a structure is to be
load tested, the questionable portion shall be load tested
in such a manner as to adequately test the suspected source
of weakness.

15.4.1.5 Forty-eight hours prior to the application of
the test load, a load to simulate the effect of that portion
of the dead loads not already acting shall be applied and
shall remain in place until all testing has been completed.

1542 Load tests of flexural members in buildings

154.2.1 When flexural members in buildings, including
beams and slabs, are load tested, the additional provisions
of 15.4.2 shall apply.

154.2.2 Base readings (datum for deflection measure-
ments) shall be made immediately prior to the application
of the test load.

15.4.2.3 That portion of the building selected for load-
ing shall be subjected to a total load, including the dead
loads already acting, equivalent to 0.85 (1.4D + 17LR).

15.4.24 The test load shall be applied in not less than
four approximately equal increments without shock to the
structure and in such a manner as to avoid arching of the
loading materials.

15.4.2,5 After the test load has been in position for
twenty-four hours, initial deflection readings shall be taken.

15.4.2.6 The test load shall be removed immediately
after the initial deflection readings have been taken and the
final deflection readings shall be taken twenty- four hours
after the removal of the test load.

15.4.2.7 1If the portion of the building tested shows
visible evidence of failure, the portion tested shall be con-
sidered to have failed the test and no retesting of the pre-
viously tested portion shall be permitted.

15.4.2.8 If the portion of the building tested shows no
visible evidence of failure, either of the following criteria
shall be taken as indication of satisfactory behaviour:
(a) The measured maximum deflection § of a beam, floor
or roof is less than It2/20,000h, or
(b) The deflection recovery within twenty-four hours
after removal of the test load is at least 75% of the
maximum deflection.

15429 In 15428 (3) l; for cantilevers shall be taken
as twice the distance from the support to the cantilever
end, and the deflection shall be adjusted for any support
movement.
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1543 Load tests of flexural inembers of bridges

154.3.1 When flexural members of bridges, including
beams and slabs, are load tested, the additional provisions
of 15.4.3 shall apply.

15.4.3.2 Base readings (datum for deflection measure-
ments) shall be made immediately prior to the application
of the test load.

15.4.3.3 That portion of the structure selected for
loading shall be subjected to a total load, including the dead
loads already acting, equivalent toD + 1.4 L.

15.4.3.4 The test load shall be applied in not less than
four approximately equal increments without shock to the
structure and in such a manner as to avoid arching of the
loading materials.

15.4.3.5 Deflection readings shall be taken as soon as
possible after each load increment has been added. The
time interval between adding the load and reading the
deflection shall be approximately the same for each incre-
ment.

154.3.6 The test load shall be removed immediately
after the initial deflection readings have been taken and the
final deflection readings shall be taken within one hour of
the removal of the whole of the test load.

15.43.7 If the portion of the structure tested shows
visible evidence of failure, the portion tested shall be con-
sidered to have failed the test and no retesting of the
previously tested portion shall be permitted.

15.4.3.8 If the portion of the structure tested shows no
visible evidence of failure, and the following conditions are
all satisfied, the structure shall be considered satisfactory:

(@) The maximum flexural crack widths at the peak test
load do not exceed 1.5 times the approprate values
listed in table 4.3

(b) The deflection at the maximum test load is not more
than 20% greater than the deflection obtained by
extrapolating the straight part of the load/deflection
line to the maximum load

(c) The deflection recovery within one hour after removal
of the total load is at least 75% of the deflection
under the maximum test load.

15.44 Retesting of flexural members

154.4.1 Non-prestressed concrete construction failing
to show 75% recovery of deflection as required by either
154.2.8 (b) or 15.4.3.8 (c) as applicable may be retested
not earlier than 72 h after removal of the first load. The
portion of the structure shall be considered satisfactory if:

(a) The portion of the structure tested shows no visible
evidence of failure in retest, and

(b) Deflection recovery caused by the second test load is
at least 80% of the maximum deflection in the second
test.

15.4.4.2 Prestressed concrete construction shall not be
retested.

15.4.5 Subsequent inspection of tested structures.
Bridges which have been test loaded shall be inspected at
regular intervals, in particular for changes in crack widths
and deflection,

15.5 Members other than flexural members

15.5.1 Members other than flexural members shall
preferably be investigated by analysis.

15.6 Provision for a lower load rating

15.6.1 If the structure under investigation does not
satisfy the conditions or criteria of 15.3.2, 154.2.8 or
15.4.3.8 as applicable, the Engineer may approve a lower
load rating for that structure based on the results of the
load test or analysis.

15.7 Safety

15.7.1 Load tests shall be conducted in such a manner
as to provide for safety of life and structure during the test.

1572 No safety ieasures shall interfere with load
test procedures or affect results,
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APPENDIX A

NOTATION

a depth of equivalent rectangular stress block (see 6.3.1.7), mm — Section 6 and 13

a shear span, distance between concentrated load and face of support or as defined in
7.3.12.3 — Section 7

a larger side of rectangular contact area — Section 11

A average effective area of concrete in tension around each reinforcing bar, calculated
from the effective tension area of concrete surrounding the main tension reinforc-
ing bars and having the same centroid as that reinforcement, divided by the number
of bars, mm? — Section 4

A area of that part of the cross-section between the flexural tension face and the
centre of gravity of the gross section — Section 13

Ap  area of an individual bar, mm* — Section 5
T 4j, sum of area of individual bars, mm? — Section 10
2 A}y sum of area of longitudinal bars, mm? — Section 6

A, area of concrete core of section measured to outside of peripheral spiral or hoop,
mm? — Section 6

A, areaof concrete at the cross-section considered — Section 13

area of concrete core extending over the outer half of the neutral axis depth which
is subjected to compression, measured to outside of peripheral hoop legs, mm? —
Section 10

*
c

A, area enclosed by perimeter of section, mm? (see 7.3.7) — Section 7

A, area of reinforcement to resist a tensile force in corbels, mm? — Section 7

Af area of flexural tension reinforcement required in corbels, mm? — Section 7
gross area of section, mm? — Sections 4, 5,6,7,9, 10, 12, 14, and Appendix B

A* pgross area of concrete section extending over outer half of the neutral axis depth
which is subjected to compression, mm? — Section 10

gross area of concrete located between the compressive edge of the section and a
line 0.2 4 therefrom, mm? — Section 14

Ay area of shear reinforcement in brackets and corbels parallel to flexural tension
reinforcement, mm? — Section 7

Ajh total area of effective horizontal joint shear reinforcement, mm?® — Section 9
A]-V total area of effective vertical joint shear reinforcement, mm? — Section 9
Aj  total area of longitudinal reinforcement to resist torsion, mm? — Section 7

A, area enclosed by the line connecting the centres of the longitudinal bars in the
corners of the closed stirrups, mm? (see 7.3.7) — Section 7

A area of prestressed reinforcement in tension zone, mm? — Sections 7and 13

ps

Ay area of non-prestressed tension reinforcement, mm?— Sections 4,6,7,9,12 and 13

:Part 1: 1982
Appendix A
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Ag  area of longitudinal wall reinforcement spaced horizontally at 5,,, mm? — Section 10
A; area of compression reinforcement, mm? — Sections 4, 6 and 13
A; area of non-prestressed compression beam reinforcement, mm? — Section 9
A% area of longitudinal reinforcement within AZ mm? — Section 14

Ay area of non-prestressed tension reinforcement in one face of the column section
mm? — Section 9

3

sc area of non-prestressed compression reinforcement in one face of the column
section, mm?* — Section 9

Agp, total effective area of hoop bars and supplementary cross-ties in direction under
consideration within spacing s;;, mm? — Sections 6, 10 and 14

Asp area of flexural reinforcement provided, mm? — Section 5

Agp area of required flexural reinforcement, mm? — Section 5

Agy  total area of longitudinal reinforcement (bars or steel shapes), mm? — Section 6
Ay area of bar formed into spiral reinforcement, mm? — Section §

Ay  area of structural steel shape, pipe or tubing in a composite section, mm* — Section
6

A area of one leg of a closed stirrup resisting torsion within a distance s, mm? —
t g p g
Section 7

Ape area of one leg of a stirrup-tie, mm? — Sections 6 and 10
Ay smaller of area of transverse reinforcement within a spacing s crossing plane of split-
ting normal to concrete surface containing extreme tension fibres, or total area of

transverse reinforcement normal to the layer of bars within a spacing s divided by n,

mm? if longitudinal bars are enclosed within spiral reinforcement, 4;, mm? —
Section 5

Ay area ol shear reinforcement within a distance s, mm? — Section §
Ay area of shear reinforcement within a distance s, or area of shear reinforcement,

perpendicular to flexural tension reinforcement within a distance s for deep beams
mm? — Section 7 and Appendix B

)

Avf area of shear friction reinforcement, mm?® — Section 7

Ay, area of shear reinforcement parallel to flexural reinforcement within a distance s, ,
mm? — Section 7

Ay, area of an individual wire to be developed or spliced, mm® — Section 5
A, loaded area, mm? — Section 6 and Appendix B

A;  maximum area of the portion of the supporting surface that is geometrically
similar to and concentric with the loaded area, mm?® — Section 6 and Appendix B

b width of compression face of member — Sections 6, 7, 12, 13 and Appendix B
b width or thickness of wall section, mm — Section 10
b smaller side of rectangular contact area — Section 11

be  overall width of column, mm — Sections 6 and 9
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effective width of joint, mm — Section 9

perimeter of critical section for slabs and footings, mm — Section 7and Appendix B
the width of the cross-section being investigated for horizontal shear, mm— Section 8
web width, or diameter of circular section, mm — Sections 5, 6,7 and Appendix B
web width of beam, mm — Section 9

the ratio of the reduction in moment of resistance to the numerically largest
moment given anywhere by the elastic analysis for that particular member covering
all appropriate combinations of design load — Section 3

the ratio of the reduction in resistance moment to the numerically largest moment
(see 13.3.10.1 (d)) — Section 13

neutral axis depth measured from extreme compression fibre —Sections 3,6 and 13

computed distance of neutral axis from the compression edge of the wall section -
Section 10

the smaller of ¢, or ¢y, mm — Section 5
distance measured from extreme tension fibre to centre of bar, mm — Section 5

distance of the critical neutral axis from the compression edge of the wall section
— Section 10

the smaller of the distance from the face of the concrete to the centre of bar meas-
ured along the line through the layer of bars, or half the centre-to-centre distance
of bars in the layer, mm.

For splices, ¢ shall be the smaller of the distance from the concrete side face to the
centre of the outside bar, or one-half the clear spacing of bars spliced at the same
location plus a half bar diameter, mm — Section 5

size of rectangular or equivalent rectangular column, capital or bracket measured in
the direction of the span for which the moments are being determined, mm —
Sections 7 and 11

size of rectangular or equivalent rectangular column, capital, or bracket measured
transverse to the direction of the span for which the moments are being determined,
mm — Sections 7 and 11

cross-sectional constant to define torsional properties. See eq. 11-12 — Section 11

Vin
_ M Section 9
ij + ij
a factor relating actual moment diagram to an equivalent uniform moment diagram
— Section 6

distance from extreme compression fibre to centroid of tension reinforcement, mm
— Sections 3, 5, 6, 8, 11, 12 and Appendix B

distance from extreme compression fibre to centroid of longitudinal tension rein-
forcement but need not be less than 0.8 & for prestressed members or 0.8 £,,, for
walls, mm,

(For circular sections, d need not be less than the distance from the extreme com-
pression fibre to centroid of tension reinforcement in opposite half of member) —
Section 7

Appendix A
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distance from extreme compression fibre to centroid of prestressing steel, or to
combined centroid when non-prestressing tension reinforcement is included, mm
— Section 13

distance from extreme compression fibre to centroid of compression reinforcement,
mm — Section 4

nominal diameter of bar, wire or prestressing strand, or in a bundle, the diameter of
a bar of equivalent area, mm — Section 5

distance from extreme compression fibre to centroid of prestressed reinforcement
— Section 7

diameter of bend measured to inside of the bar, mm — Section 5
diameter of pile at footing base, mm — Section 12

distance from extreme tension fibre to centroid of tension reinforcement, mm —
Section 4

distance from centroid of total vertical reinforcement to extreme compression fibre
of wall section — Section 7

dead load as defined by NZS 4203 — Sections 6 and 13

dead loads or their related internal moments and forces — Section 15

eccentricity between the centre lines of the webs of a beam and a column at a joint,
mm — Section 9

base of Napierian Logarithm — Section 13

design earthquake loading, specified in NZS 4203, applied to the primary elements
— Section 13

earthquake load as defined by NZS 4203 — Sections 3, 6 and 14

modulus of elasticity of concrete, MPa (see 3.3.4.1) — Sections 3, 4, 6 and Appen-
dix B

modulus of elasticity of beam concrete — Section 11
modulus of elasticity of column concrete — Section 11
modulus of elasticity of slab concrete — Section 11

earthquake loads for Parts & Portions, specified in NZS 4203, applied as inertia
loading to the secondary elements — Section 3

modulus of elasticity of reinforcement, MPa (see 3.3.4.2) — Sections 3, 6 and
Appendix B

flexural stiffness of a member — see equations 6-8 and 6-9 for columns and piers
— Section 6

specified compressive strength of concrete, MPa — Sections 3,4, 5, 6,7, 9, 10, 13,
14 and Appendix B

square root of specified compressive strength of concrete, MPa, Sections 4, 7, 12,
14 and Appendix B

compressive strength of concrete at time of initial prestress, MPa — Section 13
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average splitting tensile strength of lightweight aggregate concrete, MPa — Sections
4,7, and Appendix B

tensile stress developed by standard hook, MPa — Section 5
compressive stress in concrete (after allowing for all pre-stress losses) at centroid of

cross-section resisting externally applied loads or at junction of web and flange
when the centroid lies within the flange, MPa,

(In a composite member, f; is resultant compressive stress at centroid of compo-
site section, or at junction of web and flange when the centroid lies within the
flange, due to both prestress and moments resisted by precast member acting alone)
-- Section 7

compressive stress in concrete due to effective prestress forces only (after allowance

for all prestress losses) at extreme fibre of section where tensile stress is caused by

externally applied loads, MPa — Section 7
calculated stress in prestressing steel at design load, MPa — Sections 5 and 13
ultimate tensile strength of prestressing tendons, MPa — Sections 7 and 13

specified yield strength of prestressing steel, MPa or the 0.2% proof stress — Section
13

modulus of rupture of concrete, MPa — Section 4

steel stress at service load, MPa — Sections 4 and S

tensile stress in reinforcement — Appendix B

effective stress in prestressing steel after losses, MPa — Sections 5 and 13

specified yield strength of non-prestressed reinforcement, MPa — Sections 3, 4, 5,
6,7,9,12,13, 14 and Appendix B

specified yield strength of spiral, hoop or supplementary cross-tie reinforcement,
MPa — Sections 6, 10 and 14

specified yield strength of horizontal non-prestressed shear reinforcement in a wall,
MPa — Section 7

specified yield strength of vertical non-prestressed wall reinforcement, MPa —
Section 7

specified yield strength of transverse reinforcement, MPa — Sections 5 and 6

overall thickness of member, mm — Sections 4, 5, 6,7, 11, 13, 14 and 15
overall depth of beam — Section 10

dimension of concrete core of section measured perpendicular to the direction of
the hoop bars to outside of peripheral hoop, mm — Sections 6 and 10

beam depth, mm — Sections S and 9

column depth parallel to the longitudinal beam bars being considered, mm -
Section 5

overall depth of column in the direction of the horizontal shear to be considered,
mm — Section 9

total depth of shearhead cross-section, mm — Section 7

Appendix A
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total height of wall from base to top, mm — Section 7
distance from the centroid of the tension steel to the neutral axis, mm — Section 4

distance from the extreme tension fibre to the neutral axis, mm — Section 4

moment of inertia about centroidal axis ot gross section of a beam as defined in
11.8.2.4 — Section 11

moment of inertia of gross cross-section of column — Section 11
moment of inertia of cracked section — Section 4
eflective moment of inertia for computation of deflection — Section 4

moment of inertia of gross concrete section about the centroidal axis, neglecting
the reinforcement, mm* — Sections 4 and 6

moment of inertia about centroidal axis of gross section of slab

= h®/12 times width of slab specified in defintions of & and B; — Section 11

moment of inertia of reinforcement about centroidal axis of member cross-section,
mm* — Section 6

moment of inertia of structural steel shape, pipe or tubing about centroidal axis of
composite member cross-section, mm* — Section 6

moment of inertia of section resisting externally applied factored loads — Section 7

effective length factor for a column or pier — Section 6

multiplier applied to the permitted beam bar sizes through column joints in non-
yielding beams — Section §

an index of the transverse reinforcement provided along the anchored bar,
Agrfyel 10s, expressed as mm — Section S

wobble friction coefficient per metre of prestressing steel — Section 13
flexural stiffness of beams: moment per unit roatation — Section 11

flexural stiffness of column: moment per unit rotation — Section 11

factor used in computing deflections allowing for long time effects — Section 4

flexural stiffness of equivalent colurn: moment per unit rotation. See eq. 11-10
— Section 11

flexural stiffness of slab: moment per unit rotation — Section 11

torsional stiffness of torsional member: moment per unit rotation — Section 11
span length of beam, girder or one-way slab as defined in 3.3.3.5 (a); clear pro-
jection of cantilever, mm — Section 4

length of prestressing steel element from jacking end to any point x, length of span
in two way flat plates in the direction parallel to that of the reinforcement being
determined, mm — Section 13

additional embedment length at support or at point of inflection, mm — Section 5

distance from critical section to start of bend, mm — Section 5
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development length, mm — Sections 5 and 10
basic development length of a straight bar, mm — Section 5

development length of hooked bars, equal to straight embedment between critical
section and point of tangency of hook, plus bend radius, plus one bar diameter,

mm — Section 5
basic development length for a hooked bar, mm — Section 5

clear span for positive moment or shear and the average adjacent clear spans for
negative moment — Section 3

length of clear span in long directionof two-way construction, measured face-to-
face of columns in slabs without beams and face-to-face of beams or other supports
in other cases, mm — Section 4

clear length of member measured from face of supports, mm — Section 6

the clear vertical distance between floors or other effective horizontal lines of
lateral support, or clear span — Section 10

length of clear span, in the direction moments are being determined, measured face-
to-face of supports — Section 11

shortest span length of bridge deck slab, mm — Section 4

distance between point of zero shear and the support of a deep beam and as speci-
fied in 7.3.12.4 — Section 7

span of member under load test (the shorter span of flat slabs and of slabs suppor-
ted on four sides). The span, except as provided in 15.4.2.9, is the distance between
the centres of the supports or the clear distance between the supports plus the
depth of the member, whichever is the smaller, mm — Section 15

unsupported length of a column or pier, mm — Section 6

length of shear head arm from centroid of concentrated load or reaction, mm —
Section 7

horizontal length of wall, mm — Sections 7 and 10
length of clear span in short direction of rectangular slab — Section 11
length of clear span in long direction of rectangular slab — Section 11

length of span in the direction that moments are being determined, measured centre-
to-centre of supports — Section 11

length of span transverse to £; measured centre-to-centre of supports (see also
11.8.5.3and 11.8,5.4) — Section 11

design live loads, including impact where appropriate, or their related internal
moments and forces — Section 15

reduced live load as defined by NZS 4203 or their related internal moments and
forces — Sections 6, 13 and 15

fy/o.85fc' — Section 14

applied design moment — Appendix B

structural material factor as defined in NZS 4203 (see 3.5.4) — Section 3

Appendix A
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maximum moment in member at stage for which deflection is being computed —
Sectlion 4

sum of moments at ideal strength in non-yielding beams at opposite faces of the
joint, summed in the same vector sense, and related to the centre of the intersecting
column, N mm — Section 5

moment to be used for design of a column or pier — Section 6

sum of the moments at ideal strength in hinging columns at opposite faces of the
joint, summed in the same vector sense, and related to the centre of the intersect-
beam, N mm — Section 5

cracking moment — Section 4

moment resulting from loading combination U, involving earthquake effects, N mm
— Section 14

M, referred to mid-depth of the section, N mm — Section 14

moment associated with £, N mm

ideal flexural strength of section, N mm — Section 5

moment which causes zero stress at extreme fibre at which tensile stress is induced
by applied load as defined by eq. 7-10 — Section 7

total factored static moment — Section 11

required plastic moment strength of shear-head cross-section — Section 7

moment midspan or the supports of strips of unit width and span £,. — Section 11
moment at midspan or the supports of strips of unit width and span £, — Section 11

design moment for a member — Section 6

factored moment at section — Section 7
factored moment occuring at a section simultaneously with ¥, — Section 7
moiment resistance contributed by shear head reinforcement — Section 7

value of smaller design end moment on a column or pier calculated by conventional
elastic frame analysis, positive if member is bent in single curvature, negative if bent
in double curvature — Section 6

value of larger design end moment on a column or pier calculated by conventional
elastic frame analysis, always positive — Section 6

modular ratio = £/E, — Appendix B

number of bars in a layer — Section 5

design axial load normal to the cross-section occurring simultaneously with ¥, to be
taken as positive for compression, negative for tension, and to include the effects of
creep and shrinkage — Appendix B

tensile force in the concrete under service load — Section 13

factored tensile force on bracket or corbel acting simultaneously with ¥, to be
taken positive for tension — Section 7
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perimeter of section, mm — Section 7

perimeter of Area 4,, mm — Section 7

critical load. See eq. 6-7 — Section 6

forces after all losses in prestressing steel passing through a joint, N — Section 9

maximum design axial load in compression with given eccentricity due to gravity
and seismic loading acting on the member during an earthquake — Section 4

design axial load in compression with given eccentricity due to gravity and seismic
loading acting on the member during an earthquake — Sections 6 and 9

design axial load in compression with given eccentricity due to gravity and seismic

loading acting on the member simultaneously with shear stress v; during an earth-
quake — Sections 7 and 13

design axial load, due to loading U, involving earthquake loads, N — Section 14
ideal axial load strength at given eccentricity — Sections 4 and 13

ideal axial load carrying capacity of a bearing wall designed by 10.4.2 — Section 10

minimum axial load on a column at its junction with a beam in which plastic hinges
form, N — Section 5

ideal axial load compressive strength when the load is applied with zero eccentricity
— Sections 6 and 13

prestress at jacking end — Section 13
design axial load at given eccentricity — Section 6

factored axial load at given eccentricity (not including any prestressing force) < ¢FP;
— Section 4

factored axial load normal to cross-section occurring simultaneously with V,, to be
taken as positive for compression, negative for tension, and to include effects of
tension due to creep and shrinkage — Section 7

design axial compression column load including vertical prestressing where applic-
able, occurring simultaneously with V]-h, N — Section 9

prestress at any point — Section 13

radius of gyration of cross-section of a column or pier, mm — Section 6

the algebraic ratio at the plastic hinge section of the maximum shear force devel-
oped with positive moment hinging to the maximum shear force developed with
negative moment hinging, always taken negative — Section 7

reduction factor for confinement — Section 14

maximum spacing of transverse reinforcement within €4, or spacing of stirrups or
ties or spacing of successive turns of a spiral, all measured centre-to-centre, mm —
Section 5

centre-to-centre spacing of stirrup ties along a member, mm — Section 6

spacing of shear or torsion reinforcement in direction parallel to longitudinal rein-
forcement, mm — Section 7 and Appendix B

Appendix A
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for a particular bar or group of bars in contact, the centre-to-centre distance, meas-
ured perpendicular to the plane of the bend, to the adjacent bar or group of bars or,
for a bar or group of bars adjacent to the face of the member, the cover plus dp,
mm — Section 5

centre-to-centre spacing of hoop sets, mm — Section 6 and 10

spacing of hoops or supplementary cross-tie reinforcement sets or both, mm
Section 14

horizontal spacing of longitudinal reinforcement along the length of a wall, mm —
Section 10

spacing of wires to be developed or spliced, mm — Section 5
spacing of vertical reinforcement in wall, mm — Section 7

spacing of shear reinforcement in direction perpendicular to longitudinal reinforce-
ment or spacing of horizontal reinforcement in wall, mm — Section 7

structural type factor as defined in NZS 4203, (see also 14.4.1)— Sections 3,7, 10
and 14

thickness of surfacing and filling material — Section 11

distance from extreme tension fibre to the centre of the adjacent bar, mm —
Section 4

0.75 Apo/P,, mm — Section 7
0.75 A, /P, — Section 7
ideal torsional strength of section — Section 7

factored torsional moment at section — Section 7

larger side of rectangular loaded area allowing for load spread — Section 11

required strength in accordance with appropriate design loadings code — Sections
4 and 13

design load — Section 6

design load combination specified in NZS 4203 or other appropriate loadings code.
For Me M}, V, and P,, the combinations are those involving earthquake effects —
Section’ 14

total shear stress at section — Appendix B

smaller side of rectangular load area allowing for load spread — Section 11

basic shear stress, MPa — Section 7

ideal shear stress provided by the concrete, MPa — Sections 3,7 and 14

allowable shear stress carried by the concrete, MPa — Appendix B

ideal shear stress provided by concrete when diagonal cracking results from com-
bined shear and moment, MPa — Section 7

ideal shear stress provided by concrete when diagonal cracking results from exces-
sive principal tensile stress in web, MPa — Section 7
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design horizontal shear stress at any cross-section, MPa — Section 8
permissible horizontal shear stress, MPa — Section 8 and Appendix B
total shear stress, MPa — Sections 7 and 10

shear stress sustained by members of variable depth defined by eq. 7-7, MPa —
Section 7

nominal horizontal shear stress in joint core, MPa — Section 9
torsional shear stress, MPa — Section 7

total shear force at section — Appendix B

horizontal shear force across a column, N — Section 9

ideal horizontal joint shear strength provided by concrete shear resisting mechanism
only,N — Section 9

ideal vertical joint shear strength provided by concrete shear resisting mechanism
only, N — Section 9

shear force resulting from loading combination U, involving earthquake loads, N

shear force associated with £, N
design shear force to be resisted by diagonal shear reinforcement — Section 7

ideal shear strength of section — Sections 7, 8 and 14

total horizontal shear force across a joint, N — Section 9

total vertical shear force across a joint,N — Section 9

total horizontal joint shear force in x direction, N — Section 9

total horizontal joint shear force in z direction, N — Section 9

transverse component of effective longitudinal prestress force at section — Section 7

ideal horizontal joint shear strength provided by horizontal joint shear reinforce-
ment, N — Section 9

ideal vertical joint shear strength provided by vertical joint shear reinforcement, N
— Section 9

factored shear force at section,N — Sections 5,7 and 8

density of concrete, kg/m® — Sections 3 and 4

factored uniformity distributed dead load per unit area — Section 11

o maximum crack width at the surface of the member, mm — Section 4

factored load per unit length of beam or per unit area of a slab — Section 3

total factored uniformly distributed load per unit area

= wygtw; — Section 11

factored uniformly distributed live load per unit area — Section 11

shorter overall dimension of a rectangular part of cross-section — Section 11

: Part 1: 1982
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longer overall dimension of a rectangular part of cross-section — Section 11

distance from centroidal axis of gross section, neglecting reinforcement, to extreme
fibre in tension — Sections 4 and 7

ratio of flexural stiffness of beam section to flexural stiffness of a width of slab

(alpha) bounded laterally by the centre line of the adjacent panel (if any) on each side of

Oy

§
(beta)

B

B2
Bp
Be

Be
Ba

the beam

EM — Sections 4 and 11

ECS s

angle between inclined stirrups and longitudinal axis of member — Section 7 and
Appendix B

total angular change of prestressing steel profile in radians from jacking end to any
point x — Section 13

ratio of flexural stiffness of the columns above and below the slab to the combined
flexural stiffness of the slabs and beams at a joint taken in the direction of the span
for which moments are being determined

2K,
(Ks+ Kb)

— Section 11

ratio of flexural stiffness of equivalent column to the combined flexural stiffness of
the slabs and beams at a joint taken in the direction of the span for which moments
are being determined

2__Kec — Section 11
(Ks +Kp)

average value of « for all beams on the edges of a panel — Section 4
minimum o, to satisfy 11.8.13.1 (a) — Section 11

ratio of stiffness of shearhead arm to surrounding composite slab section. See
7.3.15.4 — Section 7

@ in the direction £, — Section 11

@ in the direction 2, — Section 11

ratio of clear spans in long to short direction of two-way slabs — Section 4

for reinforced concrete the angle which the tension reinforcement makes with the
plane of the extreme compression fibre. For prestressed members the angle which
the prestressing tendons make with the plane of the beam centroid — Section 7

ratio of dead load per unit area to live load per unit area (in each case without load
factors) — Section 11

ratio of area of reinforcement to be cut off to total area of tension reinforcement at
the section, including those bars which are to be cut off — Section S

ratio of short side to long side of concentrated load or reaction area — Section 7
and Appendix B

ratio of short side to long side of foundation — Section 12

ratio of maximum design dead load moment to maximum design total load moment,
always positive — Section 6
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B;  ratio of length of continuous edges to total perimeter of a slab panel — Section 4
Bgx short span moment coefficient shown in table 11.1 — Section 11
long span moment coefficient shown in table 11.1 — Section 11

Bsy

B;  ratio of torsional stiffness of edge beam section to flexural stiffness of a width of
slab equal to span length of the beam, centre-to-centre of supports

E o CJ2E I — Section 11

B: factor defined in 6.3.1.7 — Section 6

0% ratio of distance between centroids of tensile and compressive reinforcement to

(gamma) overall depth of the member — Section 4
0% strength parameter used for confinement criteria — Section 14

% fraction of unbalanced moment transferred by flexure at slab-column connections
(see 11.3.5) — Section 11

5 maximum deflection under test load of a member relative to a line joining the ends
(delta)of the span, or of the free end of a cantilever relalative to its support, mm —
Section 15

8 moment magnification factor (see 6.4.11.5 and 6.4.11.6) — Section 6

8 factor defined by eq. 119 (see 11.8.13) — Section 11

TA displacement or deformation (angular or lineal) of the primary elements due to the
loading £p — Section 3

A displacement or deformation (angular or lineal) of the secondary elements due to
the loading Ep — Section 3

[ coefficient of friction (see 7.3.11.5) — Section 7
(mu)

u curvature friction coefficient — Section 13

v modification factor by which deformations are multiplied, as specified in NZS 4203
(nu) — Section 3

p ratio of non-prestressed tension reinforcement = 4/bd — Sections 6 and 13
(tho)

p ratio of tension reinforcement per unit width — Section 11

p'  ratio of non-prestressed compression reinforcement = A/bd — Sections 3, 6 and 13

L)
*

ratio of all longitudinal reinforcement within A% equal to 4 g/AE, — Section 14

pp  reinforcement ratio producing balanced strain conditions in a beam or slab (see
6.4.1.2) — Section 6

py  ratio of horizontal shear reinforcement area to gross concrete area of vertical
section — Section 7

Pgq  the ratio of vertical wall reinforcement area to unit area of horizontal gross con-
crete section = A¢/bg,, — Section 10

Pm ax., O min,
maximum and minimum values of the ratio of non-prestressed tension reinforce-
ment computed using width of web — Section 6

Appendix A
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raiig of t?ta] vertical reinforcement area in wall section to gross area of horizontal
section ol the web only — Section 7

ratio of prestressed reinforcement = Apg/bd — Section 13

ratio of volume of spiral or circular hoop reinforcement to total volume of concrete
core (out-to-out of spirals or hoops) — Section 6

tatio of non-prestressed tension reinforcement = Ag/bd — Section 12
(Ag + Apg)byd — Section 7

strength reduction factor (see 4.3.1 and 4.3.2) — Sections 4, 6,7,8,9, 12, 13, 14
and Appendix B ,

rulio_ of overstrength moment of resistance to moment resulting from code specified
loading, where both moments refer to the base section of wall — Sections 7 and 10
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APPENDIX B
ALTERNATIVE DESIGN METHOD

B1 NOTATION

Some of the notation definitions are modified from that in the main body of the Code
for specific use in the application of Appendix B.

The Design Loads refer in this Appendix to alternative method design loads and not to
strength method design loads.

Ag  gross area of section, mm?

Ay area of shear reinforcement within a distance s, or area of shear reinforcement per-

pendicular to flexural tension reinforcement within a distance s for deep beams,

mm?

A; loaded area, mm?

A, maximum area of the portion of the supporting surface that is geometrically similar
to and concentric with the loaded area, mm?

width of compression face of member, mm
o  periphery of critical section for slabs and footings, mm
by,  web width, or diameter of circular section, mm
d distance from extreme compression fibre to centroid of tension reinforcement, mm
£, modulus of elasticity of concrete, MPa. See 3.3.4.1
Eg  modulus of elasticity of steel, MPa. See 3.3.4.2
fc' specified compressive strength of concrete, MPa
\/f“cT square root of specified compressive strength of concrete, MPa
average splitting tensile strength of lightweight aggregate concrete, MPa
tensile stress in reinforcement, MPa

applied design moment

Tet
fs
fy specified yield strength of non-prestressed reinforcement, MPa
M
n modular ratio = E(/E,

N

design axial load normal to the cross-section occurring simultaneously with 7;to be
taken as positive for compression, negative for tension, and to include the effects of
tension due to creep and shrinkage

s spacing of shear or torsion reinforcement in direction parallel to longitudinal rein-
forcement, mm
v total shear stress at section, MPa

¢  allowable shear stress carried by concrete, MPa
vy,  permissible horizontal shear stress, MPa
V' total shear force at section

o angle between inclined stirrups and longitudinal axis of member

B, ratio of short side to long side of a concentrated load or reaction area
o ratio of non-prestressed tension reinforcement ratio = 4¢/bd

10) capacity reduction factor, See B3.1

B2 SCOPE

B2.1 Non-prestressed reinforced concrete members may be designed using “altemative
method” load combinations in accordance with NZS 4203 or other appropriate loadings
code and allowable service load stresses in accordance with the provisions of this Appen-
dix. For design of members not covered by this Appendix, the appropriate provisions of
this Code shall apply.

:Part 1:1982
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B2.2 All provisions of this Code for non-prestressed concrete, except 3.3.3.4, shall
apply to members designed by the alternative design method.

B2.3 Flexural members shall meet the requirements for deflection control in 4.4 and
the requirements of 6.3.2, 6.3.3, 6.4.3 and 6.4.5 of this Code.

B3 GENERAL
B3.1 Design loadings shall be according to NZS 4203 or other appropriate loadings

code and capacity reduction factors, ¢, shall be taken as unity for members designed by
the alternative design method.

B4 ALLOWABLE SERVICE LOAD STRESSES
B4.1 Stresses in concrete,
Stresses in concrete shall not exceed the following:

Flexure

Extreme fibre stress in compression . . .. ... ... .. 0.45 £,

Shear*

Beams and one-way slabs and footings

Shear carried by concrete, ve ... ... e 0.091 v/ f,

Maximum shear carried by concrete plus shear reinforcement . ... . .. ve +0.374/f

Joistst:

Shear carried by concrete, v, ... . 0.10/f

Two-way slabs and footings:

Peripheral shear carried by concrete, v, KSR [ 0.083 (1 +52—) \/f;
c

but not greaterthan .. ... .. .. ... ... . 017V

Bearingon loaded area § ... ... ...t e 0.30fc'

B4.2 Stresses in reinforcement
Tensile stress in reinforcement f shall not exceed the following:

Grade 275 reinforcement . . . ... ... ... 150 MPa

Grade 380 reinforcement or greater and welded wire fabric, smooth or deformed 200 MPa

* For more detailed analysis of shear stress carried by concrete, v, and shear values for lightweight
aggregate concrete, see B8.2

Designed in accordance with 3.4.2 of this Code.

++

If shear reinforcement is provided see B8.2.

§ When the supporting surface is wider on all sides than the loaded area, the allowable bearing stress
on the loaded area may be increased by 45/4, but not more than 2, When the supporting surface
is sloped or stepped, A, may be taken as the area ofthe lower base of the largest {rustum or a right
pyramid or cone contained wholly within the support and having for iis upper base the loaded
area, and having side slopes of 1 vertical to 2 horizontal.
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B5 DEVELOPMENT AND SPLICES OF REINFORCEMENT

B5.1 Development and splices of reinforcement shall be as required by the relevant
clauses in Section 5 of this Code.

B5.2 In satisfying the requirements of 5.3.25.3, M shall be taken as computed
moment capacity assuming all positive moment tension reinforcement at the section to be
stressed to the permissible tensile stress f, and ¥, shall be taken as unfactored shear
force at the section.

B6 FLEXURE

B6.1 For investigation of stresses at service loads, straightline theory (for flexure)
shall be used with the following assumptions:

(a) Strains vary linearly as the distance from the neutral axis, except for deep flexural
members with overall depth—span ratios greater than 2/5 for continuous spans and
4/5 for simple spans, a non-linear distribution of strain shall be considered. See
6.3.3 of this Code

(b) Stress—strain relationship of concrete is a straight line under service loads within
allowable service load stresses

(c) Inreinforced concrete members, concrete resists no tension
(d) Modular ratio, n = Eg/E,, may be taken as the nearest whole number (but not less
than 6). Except in calculations for deflections, value of n for lightweight concrete

shall be assumed to be the same as for normal-weight concrete of the same strength

(¢) In doubly reinforced flexural members, an effective modular ratio of 2E¢/E, shall
be used to transform compression reinforcement for stress computations. Compres-
sive stress in such reinforcement shall not exceed permissible tensile stress.

B7 COMPRESSION MEMBERS WITH OR WITHOUT FLEXURE

B7.1 Combined flexure and axial load capacity of compression members shall be
taken as 40% of that computed in accordance with provisions in Section 6 of this Code.

B7.2 Slenderness effects shall be included according to the requirements of 6.4.10
and 6.4.11.

B7.3 Reinforced concrete walls shall be detailed in accordance with Section 6 of this
Code.

B8 SHEAR AND TORSION
B8.1 General
B8.1.1 Design shear stress v shall be computed by

=V
Y bod (Eq. B-1)
where V is the design shear force at section considered.

B8.1.2 When the reaction, in direction of applied shear, introduces compression into
the end regions of a member, sections located less than a distance d from face of support
may be designed for the same shear v as that computed at a distance d.

B8.1.3 Wherever applicable, effects of torsion, in accordance with provisions of
Section 7 of this Code, shall be added. Shear and torsional moment strengths provided by
concrete and limiting maximum strengths for torsion shall be taken as 55% of the values
given in Section 7.

Appendix B
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B8.2 Shear stress carried by concrete

B8.2.1 For members subject to shear and flexure only, shear stress carried by concrete
Ve shall not exceed 0.091 </ £, unless a more detailed calculation is made in accordance
with B8.2 4,

B8.2.2 For members subject to axial compression, shear stress carried by concrete

Ve shall not exceed 0.091 v/, unless a more detailed calculation is made in accordance
with B8.2.5.

B8.2.3 For members subject to significant axial tension, shear reinforcement shall be
designed to carry total shear, unless a more detailed calculation is made using:

ve = 0,091 (1 +0,58A1%)\/fc' . S .. (EqB2)

where AV is negative for tension. Quantity N/Ag shall be expressed in MPa.

B8.2.4 For members subject to shear and flexure only, V. may be computed by

ve = 0.083 VL +9.0 I;—‘; . . . . . . (Eq.B-3)

but v, shall not exceed 0.16 \/fé Quantity Vd/M shall not be taken greater than 1.0,
where M is design moment occurring simultaneously with ¥ at section considered.

B8.2.5 For members subject to axial compression, v, may be computed by
ve = 0,091 (1+0.087 Myyir . . . . . (Bq.B4)
g
Quantity N/Ag shall be expressed in MPa.

B8.2.6 Shear stresses carried by concrete v, apply to normal weight concrete. When
light-weight aggregate concrete is used, one of the following modifications shall apply:

(@)  When f,; is specified and concrete is proportioned in accordance with ACI 318-77
Section 4.2, 1.8 f,; shall be substituted for \/fcrbut the value of 1.8, shall not
exceed /£

(b) When f,; is not specified, the value of \/ f¢ shall be multiplied by 0.75 for “all
lightweight” concrete and by 0.85 for “sand-lightweight” concrete. Linear inter-
polation may be applied when partial sand replacement is used.

B8.2.7 In determining shear stress carried by concrete v, whenever applicable, effects
of axial tension due to creep and shrinkage in restrained members shall be considered and

effects of inclined flexural compression in variable-depth members may be included.

B8.3 Shear reinforcement requirements
B8.3.1 Types of shear reinforcernent
Shear reinforcement may consist of:
(a) Sf?rrups perpendicular to axis of member
(b)  Welded wire fabric with wires located perpendicular to axis of member

() Stirrups making an angle of 45° or more with longitudinal tension reinforcement
p g B B

(d) Longitudinal reinforcement with bent portion making an angle of 30° or more with
longitudinal tension reinforcement

(¢) Combinations of stirrups and bent longitudinal reinforcement

(f)  Spirals.
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B&.32 Design yield strength of shear reinforcement shall not exceed 415 MPa.

B8.3.3 Stirrups and other bars or wires used as shear reinforcement shall extend to a
distance d from extreme compression fibre and shall be anchored at both ends according
to 5.4.3 of this Code to develop design yield strength of reinforcement.

B8.3.4 Spacing limits for shear reinforcement

B8.3.4.1 Spacing of shear reinforcement placed perpendicular to axis of member shall
not exceed d/2, nor 600 mm.

B8.3.4.2 Inclined stirrups and bent longitudinal reinforcement shall be so spaced that
every 45° line, extending toward the reaction from mid-depth of member d/2 to longi-
tudinal tension reinforcement, shall be crossed by at least one line of shear reinforcement.

B8.3.4.3 When (v — v,) exceeds 0.17 +/f, maximum spacing given in B8.3.4.1 and
B8.3.4.2 shall be reduced by one-half.

B8.3.5 Minimum shear reinforcement

B8.3.5.1 A minimum area of shear reinforcement shall be provided in all reinforced
concrete flexural members where design shear stress v is greater than half the permissible
shear stress v, carried by concrete, except:

(a) Slabs and footings
(b) Concrete joist construction defined by 3.4.2 of this Code

(c) Beams with total depth not greater than 250 mm, 2% times thickness of flange, or
one-half the width of web, whichever is greater.

B8.3.5.2 Minimum shear reinforcement requirements of B8.3.5.1 may be waived if
shown by test that required ultimate flexural and shear strength can be developed when
shear reinforcement is omitted.

B8.3.5.3 Where shear reinforcement is required by B8.3.5.1 or by analysis, minimum
area of shear reinforcement shall be computed by

byys
A, = 035 2L . . : . . , (Eq. B-5)
fy

where by, and s are in millimetres.

B8.3.6 Design of shear reinforcement

B8.3.6.1 Where design shear stress v exceeds shear stress carried by concrete v, shear
reinforcement shall be provided in accordance with B8.3.6.2 to B8.3.6.8 inclusive.

B8.3.6.2 When shear reinforcement perpendicular to axis of member is used,
¥ —va,) byos
Ay = 0= ve) bys : ; ; . : : (Eq. B-6)
fs
B8.3.6.3 When inclined stirrups are used as shear reinforcement,

(v_= V) bw\'

= . Eq. B-7
Y [ (sina + cosa) (Ea. B7)

B8.3.6.4 When shear reinforcement consists of a single bar or a single group of parallel

bars, all bent up at the same distance from the support,

S O-vdbhd _ , _ | . (Bq.BB)

A
¥ fgsina

where (v — v,) shall not exceed 0.13 v/ f~
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B8.3.6.5 When shear reinforcement consists of a series of parallel bent-up bars or

groups of parallel bent-up bars at different distances from the support, required area shall
be computed by eq. B-7.

B8.3.6.6 Only the centre three-fourths of the inclined portion of any longitudinal
bent bar shall be considered effective for shear reinforcement.

B8.3.6.7 Where more than one type of shear reinforcement is used to reinforce the
same portion of a member, required area shall be computed as the sum of the various
types separately. In such computations, v, shall be included only once.

B8.3.6.8 Values of (v — v.) shall not exceed 0.37 V/f.

B8.4 Shear friction

Where it is appropriate to consider shear transfer across a given plane such as an exist-
ing or potential crack, an interface between dissimilar materials, or an interface between
two concretes cast at different times, shear-friction provisions of 7.3.11 of this Code may
be applied, with limiting maximum stress for sheartaken as 55% of that given in 7.3.11 4.
Permissible stress in shear-friction reinforcement shall be that given in B4.2,

B8.5 Special provisions for slabs and footings

B8.5.1 Shear capacity of slabs and footings in the vicinity of concentrated loads or reac-
tions is governed by the more severe of two conditions:

()  Beam action for slab or footing, with a critical section extending in a plane across
the entire width and located at a distance d from face of concentrated load or re-
action area. For this condition, the slab or footing shall be designed in accordance
with B8.1 to B8.3 inclusive.

()  Two-way action for slab or footing, with a critical section perpendicular to plane of
slab and localed so that its perimeter is a minimum, but need not approach closer
than d/2 to perimeter of concentrated load or reaction area. For this condition the
slab or footing shall be designed in accordance with B8.5.2 and B8.5.3.

B8.5.2 Design shear stress v shall be computed by

p= . . . . . . (Eq. B-9)

where V and b, shall be taken at the critical section defined in B8.5.1 (b).

B8.5.3 Design shear stress » shall not exceed Ve given by eq. B-10 unless shear rein-
forcement is provided.

be = 0.083 (1 +2B,)V/f! : , . : . . (Eq. B-10)

but v, shall not exceed 0.17 \/?c’: B is the ratio of long side to short side of concentrated

load or reaction area. When lightweight aggregate concrete is used, the modifications of
B8.2.6 shall apply.

B8.5.4 1f shear reinforcement consisting of bars or wires is provided in accordance
with 7.3.15 of this Code, v, shall not exceed 0.17 \/f'g and v shall not exceed 0.25 \/fc'

B8.5.5 If shear reinforcement consisting of steel | or channel shapes (shearheads) is
provided in accordance with 7.3.15.4 of this Code, » on the vertical section defined in
B8.5.1 (b) shall not exceed 0.29 \/Tgand v on the critical section defined in 7.3.15.4(g)
shall not exceed 0.17 \/fc'— In equations 7-36 and 7-37, design shear force V shall be
multiplied by 2 and substituted for Vi
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B8.6 Special provisions for other members

For design of deep flexural members, brackets and corbels, and walls, the special
provisions of Section 7 of this Code shall be used, with shear strength provided by con-
crete and limiting maximum strengths for shear taken as 55% of the values given in
Section 7. In 7.3.13 the design axial load shall be multiplied by 1.2 if compression and
2.0 if tension, and substituted for N,

B8.7 Composite concrete flexural members

For design of composite concrete flexural members, allowable horizontal shear stress
vy, shall not exceed 55% of the horizontal shear strengths given in 8.3.4 and 8.4.1 of this
Code.
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End regions, 14.5
Confinement within, 14.6.2
Designation, 14.5.1
Extent, 14.5.2
Shear reinforcement within, 14.7.3
Flexure and axial load, 14.6
General design considerations, 14.4
Lateral tying of longitudinal reinforcement, 14.6.3
Longitudinal reinforcement in the end regions of walls, 14.6.4
Required strengths, 14.4.2
Shear, 14.7
Concrete, 14.7.2
Reinforcement within the end region, 14.7.3
Strength, 14.7.1
Slabs and face loaded walls, 14.8
Structural integrity, bridges, 14.10.5
Structural type factors, 14.4.1
Limits of reinforcement — See Reinforcement

Live load — See,Load, Live
Load

Dead — Definition, 2.1
Design — Definition, 2.1
Earthquake — Definition, 2.1
Factored — Definition, 2.1
Live — Arrangement, 3.3.2
Live — Definition, 2.1
Service — Definition, 2.1
Load tests, 15.4
Flexural members, 1542, 154.3
Other than flexural members, 15.5
Loss of prestress, 13.3.5

Material factor, 3.5.2
Material properties, 3.3.4

Additional requirements — Seismic loading, 3.5 4
Mechanical connections in compression reinforcement, 5.3.21
Mechanical connections in tension reinforcement, 5.3.19
Mechanical energy dissipating devices, 3.5.13
Minimum reinforcement

Beains and slabs, 6.4.3, 6.5.3

Columns, 6.4.6,6.4.7,6.5.4

Shear, 7.3.4

Torsion, 7.3.8

Walls, 5.3.36
Modulus of elasticity, 3.3.4
Modulus of elasticity, 3.3.4
Moment of inertia — Cracked sections, 3.3.3.6
Moments

Coefficients, 3.3.3.3

Design, 3.3.3

Foundations, 12.3.3

Redistribution, 3.3.3

Additional requirements — Seismic loading, 3.5.3
Slab design, 11.8
Moment magnification —
Slenderness effects for compression numbers, 6.4.11

Moment magnifier, 6.4.11

Nominal strength — See Strength, ideal
Notation, Appendix A

Offset bars — Reinforcing details for columns, §.3.27
Openings

Slabs, 11.3.7

Walls and diaphragms, 10.5.7

Web, 7.5.6
Overstrength — Definition, 2.1

P-Delta effect, 3.5.6.13
Definition, 2.1
Pedestal, 12.3.2, 12.3.10
Pier — Delinition, 2.1 see also: Columns
Piles — Reinforcement in, 12.5.3
Plastic hinge region
Beams, 6.5.3
Columns, 6.5.4
Definition, 2.1
Prestressed beams, 13.5.3
Prestressed columns, 13.5.4
Walls and diaphragms, 10.5.2
Post tensioning — Definition, 2.1
Precast concrete
Composite members, 8.2
Cover, 5.3.33
Definition, 2.1
Fixings for non-structural elements, 3.5.16

Prestressed concrete, 13.2, 13.3
Basic assumptions, 13.3.2
Beam design — Seismic loading, 13.5.3
Column design — Seismic loading, 13.5.4
Compression members, 13.4.3
Concrete — Additional requirements —
Seismic loading, 13.5.2

Definition, 2.1

Deflection, 4.4.1.3

End regions, 13.3.9

Flexural strength, 13.3.6

General, 13.3.1

Joints in prestressed frames, 13.5.5

Loss of prestress, 13.3.5

Minimum bonded reinforcement

for unbonded tendons, 13.3.8

Permissible stresses — Flexural members, 13.4.1.1

Permissible stresses in steel at jacking, 13.3.4

Redistribution of design moments, 13.3.10

Serviceability, 13.4.1

Shear strength, 7.3.3, 13.3.11

Size and number of prestressing tendons, 13.3.7

Slab systems, 13.4.2

Tendon anchorage zones, 13.3.9

Unbonded tendons, 13.3.3
Prestressing strand — Development, 5.3.14
Prestressing tendons — Spacing limits, 5.3.5
Pre-tensioning — Definition, 2.1

Radius of gyration — Compression members —
Slenderness effects, 6.4.11
Reinforced concrete — Definition, 2.1
Reinforcement, 5.2, 5.3
Beam — Plastic hinges, 6.5.3
Beams — Seismic loading, 6.5.3
Bend diameter — Minimum, 5.3.3
Bridges — Spacing limits, 5.3.5
Bundled bars — Development, 5.3.11
Bundled bars — Spacing limits, 5.3.5
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Columns — Special details, 5.3.27
Columns and piers — Seismic loading, 6.5.4
Concrete cover, 5.3.33
Connections of elements, 5.3.28
Cover, 5.3.33
Cover for fire protection, 5.3.35
Deformed — Definition, 2.1
Deformed — Development in compression, 5.3.9
Deformed — Development in tension, 5.3.7
Development — See Development
Exposed bars and fittings — Protection, 5.3.34
Flexural — Development, 5.3.24
Development — Additional requirements —
Seismic loading, 5.5.2
Distribution in beams and slabs, 6.3.2
Foundations — Development, 12.3.5
Grades — Permissible, Foundations, 3.5.4
Hooks — Development, 5.3.2
Longitudinal
Limits in columns and piers, 6.4.6
Maximum in beams and slabs, 6.4.2
Minimum in beams and slabs, 6.4.3
Material specification, 5.3.1
Mechanical anchorage — Development, 5.3.16
Minimum bonded — Prestressed concrete, 13.3.8
Negative moment — Development, 5.3.26
Plain bars — Development in compression, 5.3.10
Plain bars and wire — Development in tension, 5.3.8
Positive moment — Development, 5.3.25
Prestressing strand — Development, 5.3.14
Rectangular hoops and ties for columns and piers, 5.3.30
Additional requirements — Non-seismic loading, 5.4.2
Additional requirements — Seismic loading, 5.5.5, 6.5.4
Shear — See Shear reinforcement
Shrinkage and temperature, 5.3.32 (see-page 7)
Slabs - Two-way, See Slabs — Two-way
Spacing, 5.3.5
Special details for columus, 5.3.27
Spiral or circular hoops for columns and piers, 5.3.29
Additional requirements — Non-seismic loading, 5.4.1
Additional requirements — Seismic loading, 5.5.4, 6.5.4
Splices — See Splices
Stirrup and tie bends, 5.3.4
Stirrups and ties in beams, 5.3.31
Additional requirements — Non-seismic loading, 5.4.3
Additional requirements — Seismic loading, 5.5.6
Strength — Maximum assumed yield, 4.3.1
Temperature, 5.3.32
Transverse
Additional requirements — Seismic loading, 6.5.3, 6.5.4
Limits in beams and slabs, 6.4.4
Limits in columns and piers, 6.4.7
Walls, 10.5.4
Two-way slabs — See Slabs — Two-way
Walls, 5.3.36
Welded deformed wire fabric in tension
Development, 5.3.12
Splices, 5.3.23
Welded smooth wire fabric in tension
Development, 5.3.13
Splices, 5.3.22

Relaxation of steel stress, 13.3.5
Reliable strength — See Strength, Dependable, 2.1
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Safety — Load tests, 15.7
Secondary structural elements, 3.5.14
Segmental members — Definition, 2.1
Seismic loading, 3.5
Assumptions and analysis methods, 3.5.3
Bridge members, 3.5.2
Bridge structures — Ductile, 3.5.9
Capacity design, 3.5.1,3.5.2,3.5.3
Capacity reduction factor, 3.5.3
Concurrency, 3.5.2
Design methods, 3.5.1
Diaphragms, 10.5.6
Diaphragms with openings, 10.5.7
Dimension limitations — Flexural members, 6.5.2
Dynamic moment, 3.5.2
Energy dissipation, 3.5.6
Mechanical devices, 3.5.13
Fixings for precast non-structural elements, 3.5.15
Foundations
Ductile, 3.5.12
Elastic, 3.5.12
Lateral forces on retaining walls and piles, 3.5.12.6
Rocking, 3.5.12.5
Uplift forces, 3.5.12.7
Hybrid structures — Ductile, 3.5.8
Joints, 9.5
Assumptions, 9.5.3
Confinement, 9.5.6
Eccentric beam-column joints, 9.5.8
Forces, 9.5.2
Horizontal shear, 9.5.4
Prestressed frames, 13.5.5
Vertical shear, 9.5.5
Wide column and narrow beam, 9.5.7
Limited ductility — See Limited ductility structures —
Seismic requirements
Moment redistribution, 3.5.3
Plastic hinge regions
Beams, 6.5.3
Columns, 6.5.4
Prestressed concrete, 13.5
Beams, 13.5.3
Columns, 13.5.4
Concrete, 13.5.2
Joints in frames, 13.5.5
Reinforcement — Beams, 6.5.3
Longitudinal, 6.5.3.2
Plastic hinge regions, 6.5.3
Transverse — Stirrup ties, 6.5.3.3
Reinforcement — Columns and piers, 6.5.4
Longitudinal, 6.5.4.2
Plastic hinge regions, 6.5.4
Transverse — Spirals or circular hoops, 6.5.4.3
Secondary structural elements, 3.5.14
Shear — Dynamic magnification, 3.5.7
Shear wall — Ductile, 3.5.7
Space frames — Ductile, 3.5.6
Strength reduction factor, 4.3.2
Strength calculations —
Flexure with or without axial load, 6.5.1
Walls
Dimensional limitations, 10.5.2
Longitudinal reinforcement, 10.5.3
Openings, 10.5.7



© The Crown in right of New Zealand, administered by the New Zealand Standards Executive. Access to this standard has been sponsored by the Ministry of Business, Innovation, and Employment under copyright license LN001498. You are not

permitted to reproduce or distribute any part of this standard without prior written permission from Standards New Zealand, on behalf of New Zealand Standards Executive, unless your actions are covered by Part 3 of the Copyright Act 1994.

NZS 3101 : Part 1 : 1982
Index

Requirements, 10.5.1
Shear strength, 10.5.5
Splices and anchorages, 10.5.8
Transverse reinforcement, 10.5.4
Serviceability, 4.4
Cracking, 4.4.2
Deflection, 4.4.1
Vibration, 4 .4.3
Service loads — See Load, service
Service load stresses — Allowable —
Alternative design method, B4
Settlement — Foundations, 12.4.1
Shear,7.2,7.3
Alternative design method, B8
Brackets, 7.3.13
Corbels, 7.3.13
Deep beams, 7.3.12
Footings, 12.3.4
Horizontal — Ties —

Composite flexural members, 8.3.4,8.4.1,8.4.2
Moment — Transfer to columns, 7.3.16, 7.4.1
Slabs and footings, 7.3.15
Walls, 7.3.14

Earthquake resisting, 7.5.5

Shear and torsion — Combined strength, 7.3.7
Shear friction, 7.3.11

Alternative design method, B8 4
Shearheads, 7.3.15
Shear reinforcement

Alternative design method, B8.3

Design of, 7.3.6

Additional requirements — Seismic loading, 7.5.4

Details, 7.3.5
Additional requirements — Seisimic loading, 7.5.3

Minimum requirements, 7.3.4

Shear strength, 7.3.1
Additional requirements — Seismic loading, 7.5.1
Concrete — Non-prestressed members, 7.3.2
Concrete — Prestressed members, 7.3.3
Concrete — Seismic loading, 7.5.2
Earthquake resisting walls and diaphragms, 7.5.5
Horizontal — Composite flexural members, 8.3.4

Additional requirements — Non-seismic loading, 8.4.1
Alternative design method, B8
Lightweight concrete, 7.3.1
Vertical — Composite flexural members, 8.3.3
Walls, 10.5.5
Shear wall structures, 3.5.7,7.5.5
Shrinkage and temperature reinforcement, 5.3.32
Shrinkage — Loss of prestress, 13.3.5
Slabs
One-way — Deflections — Minimum thickness, 4.4.1
One-way — Distribution of flexural reinforcement, 6.3.2
Shear provisions, 7.3.2, 7.3.15
Alternative design method, B8.5
Slabs — Two-way, 11.2, 11.3
Concentrated loads — Effective area, 11.3.4
Deflection, 4.4.1
Design for flexure, 11.3.3
Design methods, 11.3.2
Direct design method for uniformly loaded
slab systems with rectangular panels, 11.8
Definition, 11.8.2
Factored moment — Total static for a span, 11.8.5
Factored moments in beams, 11.8.8

Factored moments in columns and walls, 11.8.12
Factored moments in column strips, 11.8.7
Factored moments in middle strips, 11.8.9
Factored moments — Modification of, 11.8.10
Factored moments — Negative and positive, 11.8.6
Factored shear in slab system with beams, 11.8.11
Limitations, 11.8.3
Pattern loadings — Provisions for, 11.8.13
Slab reinforcement, 11.8.4

Equivalent frame method for uniformly loaded slab
system with rectangular panels, 11.9
Attached torsional members, 11.9.5
Equivalent columns, 11.9.4
Equivalent frame, 11.9.2
Factored moments, 11.9.7
Live load — Arrangement, 11.9.6
Slab beams, 11.9.3
Slab reinforcement, 11.9.8

Elastic thin plate theory —

Design moments and shear forces, 11.5

Limit design theory — Design moments and shear [orces, 11.6

Loads on beains of slabs supported on four sides, 11.7.2

Moment coefficients for slabs supported on four sides, 11./.,

Moment transfer between slab and column, 11.3.5
Openings in slabs, 11.3.7

Shear transfer between slab and supporting elements, 11.3.6

Slab reinforcement, 11.4
Slab support — Axially loaded members, 6.4.8
Slab systems — Prestressed concrete, 13.4.2
Slenderness effects in columns and
piers braced against sidesway, 6.4.10
Approximate evaluation, 6.4.11
Spacing — Reinforcement, 5.3.5
Span length, 3.3.3
Spiral — Definition, 2.1
Spiral reinforcement for columns and piers, 5.3.29
Additional requirements — Non-seismic loading, 5.4.1
Additional requirements — Seismic loading, 5.5 4
Splices
Alternative design method, BS
General, 5.3.17
Lap splices in compression, 5.3.20
Lap splices in tension, 5.3.18
Seismic requirements, 5.5.1
Welded deformed wire fabric in tension, 5.3.23
Welded smooth wire fabric in tension, 5.3.22
Welded splices or mechanical
connections in compression, 5.3.2 (

Welded splices or mechanical connections in tension, 5.3.19

Stifffness, 3.3.5
Additional requirements — Seismic loading, 3.5.5
Stirrups

Beams — Additional requirements - Seismic loading, 6.5.3

Definition, 2.1
Flexural members, 5.3.31
Shear reinforcement — See Shear reinforcement
Stirrup and tie reinforcement in flexural members, 5.3.31
Additional requirements — Non-seismic design, 5.4.3
Additional requirements — Seismic design, 5.5.6
Strain in reinforcement and concrete, 6.3.1
Strength, 4.3
Additional requirements — Seismic loading, 4.3.2
Calculations — Flexural members, 6.4.1
Additional requirements — Seismic loading, 6.5.1
Compressive ol concrete — Definition, 2.1
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Dependable or reliable — Definition, 2.1, 4.3.1
Ideal — Definition, 2.1
Over — Definition, 2.1
Reinforcement, 4.3.1
Specified compressive of concrete — Definition, 2.1
Strength reduction factors, 4.3.1
Beam-column joints, 9.4.3
Strength evaluation — Existing structures, 15.2
Analytical evaluations, 15.3
Load tests — General, 15.4
Load tests of flexural members, 15.4
Lower load rating, 15.6
Members other than flexural members, 15.5
Safety, 15.7
Stress
Permissible — Prestressed concrete, 13.4.1
Permissible — Prestressing tendons, 13.3.4
Reinforcement, 6.3.1
Service load — Allowable — Alternative design method, B4
Structural — Definition, 2.1
Structural members, 3.3.6
Structural steel core — Concrete encased, 6.4.12
Structural type factor, 3.5.2
Structures incorporating mechanical
energy dissipating devices, 3.5.13
Supplementary cross-tie -- Definition, 2.1

T-beams, 3.3.6
Additional requirements — Seismic design, 6.5.2, 6.5.3
Flanges in tension — Tension reinforcement, 6.3.2
Temperature reinforcement, 5.3.32
Tendon — Prestressing
Anchorage zones, 13.3.9
Definition, 2.1
Size and number, 13.3.7
Unbonded, 13.3.3
Tensile strength — Concrete, 6.3.1, 13.4.1
Thickness, minimum — Beams and slabs, 4.4.1
Ties
Definition, 2.1
Horizontal shear — Composite flexural members, 8.4.2
Steel core encased in concrete, 6.4.12
Torsion
Alternative design method, B8

NZS 3101 : Part 1 : 1982
Index

Members loaded in, 7.3.7

Reinforcement — Design of, 7.3.10

Reinforcement details, 7.3.9

Reinforcement — Minimum requirements, 7.3.8
Torsional menbers — Two-way slab design, 11.9.5
Transfer — Definition, 2.1
Transverse reinforcement — See Reinforcement — Transverse
Two-way slab systems — See Slabs — two-way

Unbonded tendons, 13.3.3
Definition, 2.1

Vibration, 4.4.3

Walls, 10.2, 10.3
Anchorage of, 10.3.3
Axial load strength, 10.4.2
Definition, 2.1
Diaphragms, 10.5.6
Dimensional limitations, 10.3.2
Additional requirements — Seismic loading, 10.5.2
Empirical design, 10.4.1
Foundation walls, 10,3.4
General design principles, 10.3.1
General seismic design requirements, 10.5.1
Longitudinal reinforcement — Seismic requirements, 10.5.3
Reinforcement, 5.3.36
Shear provisions, 7.3.14
Shear strength — Seismic requirements, 10.5.5
Special splice and anchorage requirements
Seismic loading, 10.5.8
Ties around vertical reinforcement, 10.3.5
Transverse reinforcement — Seismic requirements, 10.5.4
Walls and diaphragms with openings, 10.5.7
Web openings, 7.5.6
Welded wire fabric
Bends, 5.3.4
Deformed — Development in tension, 5.3.12
Deformed — Splices in tension, 5.3.23
Smooth — Development in tension, 5.3.13
Smooth — Splices in tension, 5.3.22
Wobble friction, 13.3.5
Definition, 2.1
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NEW ZEALAND STANDARD

THE DESIGN OF CONCRETE STRUCTURES

NZS 3101:Part 1:1982

Part 1 (Price includes Amendments to both Parts)

Code of practice for
THE DESIGN OF CONCRETE STRUCTURES

AMENDMENT No. 1
December 1989

EXPLANATORY NOTE - Amendment No. 1 is issued to take account of the changes
of steel grades in the 1989 revision of NZS 3402, Steel bars for the reinforcement of
concrete. Other minor changes are included to correct misprints, add clarity to the
wording and to make a few other minor alterations.

To ensure receiving advice of the next amendment to NZS 3101:Part 1:1982 please
complete and return the amendment request form.

DECLARATION
Amendment No. 1 was declared on 8§ December 1989 by the Standards Council

to be an amendment to NZS3101: Part 1:1982 pursuant to the provisions of section
10 of the Standards Act 1988.

ACKNOWLEDGEMENT

Grateful acknowledgement is made to Professor R. Park, Head of Department of Civil
Engineering atthe University of Canterbury for the preparation of the draft amendment.

(Amendment No. 1, December 1989)
RELATED DOCUMENTS
Delete the list of NEW ZEALAND STANDARDS and substitute the following:
NZS 1900:- - - - Model building bylaw
Chapter 5:1988 Fire resisting construction and means of egress
Chapter 9:1985 Design and construction
NZS 3109:1987 Specification for concrete construction

NZS3112:- - - - Methods of test for concrete
Part 2:1986 Tests relating to the determination of strength of concrete

NZS 3152:1974 Manufacture and use of structural and insulating lightweight concrete
NZS 3402:1989 Steel bars for the reinforcement of concrete
NZS 3404:1989 Steel structures code

NZS 4203:1984 Code of practice for general structural design and design loadings
for buildings

NZS 4702:1982* Metal-arc welding of Grade 275 reinforcing bar

*Under amendment

(Amendment No. 1, December 1989)
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FOREWORD
Delete the penultimate paragraph of page 12 and substitute:

“It should be noted that some provisions of this Code are based on proposed
amendments to NZS 4203:1976 which have subsequently been incorporated into NZS
4203:1984".

(Amendment No. 1, December 1989)

General change

Throughout the Code, wherever the terms occur, change “specified yield strength” or
“specified minimum yield strength” to “lower characteristic yield strength” when
referring to non-prestressed reinforcement.

Refer clauses: 3.1,4.1,5.1 (twice), 5.3.25.2, 5.3.32.1, 6.1 (3 times), 6.3.1.4,
6.4.12.7(b), 6.4.12.8(b), 7.1 (3 times), 9.1, 10.1, 12.1, 13.1,
14.1 (twice), Appendix A (p.105) (5 times), Appendix B, B1.

(Amendment No. 1, December 1989)

NZS 3101:Part 1:1982
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1.1
In the first paragraph, delete “NZS 1900, Chapter 9.3”
and substitute “NZS 1900, Chapter 9”.

(Amendment No. 1, December 1989)

1.2.4
Delete the clause and the Note thereto.

(Amendment No. 1, December 1989)

2.1
In the definition of DEFORMED REINFORCEMENT,
delete “NZS 3402P” and substitute “NZS 3402".

Under the definitions of “Strength”, add the following:

“LOWER CHARACTERISTIC YIELD STRENGTH OF
STEEL. The value of yield strength below which not
more than 5 % of production tests in each size falls”.

and:

“UPPER CHARACTERISTIC YIELD STRENGTH OF
STEEL. The value of yield strength above which not
more than 5 % of production tests in each size falls”.

(Amendment No. 1, December 1989)

——— —— — e — e — ——— — —— — —

3.5.3.4(b)
Delete the first line and substitute: “The redistribution
of beam terminal negative moments shall ...”

(Amendment No. 1, December 1989)

NZS 3101:Part 1:1982

3.5.4.3
Delete the clause and substitute the following:

“Lower characteristic yield strength of reinforcement,
f , used in potential plastic hinge regions shall not
exceed 500 MPa”,

(Amendment No. 1, December 1989)
3.5.4.6
Delete the clause and substitute the following:

“Plainround or deformed bars may be used as transverse
reinforcement. Deformed bars shall not be used where
significant rebending of hooks and bends is expected or
possible. Plain Grade 430 bars shall carry permanent
identification”.

(Amendment No. 1, December 1989)

3.5.4.7
Add a new clause 3.5.4.7 as follows:

"Reinforcing bar manufactured by the hot rolled and in
line continuously quenched and tempered process (see
4.1 0fNZS 3402) may not retain full strength ifincautious
hot bending or hot rebending practices are used."

(Amendment No, 1, December 1989)

4314
Delete the clause and substitute the following:

“Designs shall not be based on a lower characteristic
yield strength for reinforcing steel, fy in excess of
500 MPa”.

(Amendment No. 1, December 1989)
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Table 4.1
Delete the table and the notes thereto and substitute:

Table 4.1
MINIMUM THICKNESSES OF NON-PRESTRESSED
BEAMS OR ONE-WAY SLABS. fy =300 MPa

Minimum thickness, h
Members not supporting or attached to
Member | partitions or other construction likely to
be damaged by large deflections
Simply | One end | Both Canti-
sup- contin- | end lever
ported uous contin,
Solid one-
way slabs £/25 ¢/30 2/35 213
Beams or
ribbed one-
way slabs 2/20 2/23 2/26 /10

NOTE - The values given shall be used directly for members
with normal density concrete (w = 2400 kg/m?) and steel
reinforcement with f = 300 MPa. For other conditions, the
values shall be modified as follows:

(a) Forstructural lightweight concrete having a density in
the range 1450 - 1850 kg/m’, the values shall be
multiplied by (1.65 - 0.0003 w) but not less than 1.09,
where w is the density in kg/m?.

(b) For fyolherthan 300MPa, the values shallbe multiplied
by (0.42 + f,/520).

(Amendment No. 1, December 1989)

— et — — — — — — —— — — — — — — —

4.4.2.1(b)
Delete and substitute:

“The lower characteristicyield strength ofthe reinforcing
steel exceeds 300 MPa”.

(Amendment No. 1, December 1989)

5.3.1.2
Delete “NZS 3402P” and substitute “NZS 3402".

(Amendment No. 1, December 1989)

— e — i —— — e — s — — — — — —

5.3.3
Inline 3 after “givenintable 5.1” add “for New Zealand
manufactured steel reinforcement to NZS 3402".

Delete equation 5-1 and substitute:

d ¢, | f
“d, 2092|105 + = [ |1-2|2d, ... €q. 5-1)"
b & |

(Amendment No. 1, December 1989)

NZS 3101:Part 1:1982

Table 5.1
Delete the table and substitute:

Table 5.1
MINIMUM DIAMETERS OF BEND FOR NEW
ZEALAND MANUFACTURED STEEL BARS TO
NZS 3402

Steel yield |Bar diameter (mm) | Minimum diameter
strength of bend
fy dy d,
300 or 430 6- 20 5d,
24 - 40 6 db
(Amendment No. 1, December 1989)
Table 5.2

Delete the table and substitute:

Table 5.2

MINIMUM DIAMETERS OF BENDS FOR STIRRUPS
AND TIES FOR NEW ZEALAND MANUFACTURED
STEEL BARS TO NZS 3402

Steel yield Bar Minimum diameter of bend
strength diameter d,
(mm)
fv d, Plain bars | Deformed bars
300 or 430 6-20 2 db 4 db
24 - 40 34, 6d,
(Amendment No. 1, December 1989)
5.3.4.1

Delete the last line, “where d, is the stirrup or tie bar
diameter” and substitute “, for New Zealand
manufactured steel reinforcement to NZS 3402, where
d, is the stirrup or tie bar diameter”.

(Amendment No. 1, December 1989)

5.3.7.2
Delete “Grade 275 reinforcement” and substitute
“reinforcement with fy =300 MPa".

(Amendment No. 1, December 1989)

S — — f— — — — — — S— ot (ot et et e

5.3.7.3(a)
Delete and substitute:

“Reinforcement having a lower characteristic yield
strength otherthan 300 MPa...........ccccovcennnan, f/300”

(Amendment No. 1, December 1989)

5.3.9.2
In line 2, change “0.24” to 0.22",

In line 3, change “0.044"” to 0.040".

(Amendment No. 1, December 1989)



© The Crown in right of New Zealand, administered by the New Zealand Standards Executive. Access to this standard has been sponsored by the Ministry of Business, Innovation, and Employment under copyright license LN001498. You are not

permitted to reproduce or distribute any part of this standard without prior written permission from Standards New Zealand, on behalf of New Zealand Standards Executive, unless your actions are covered by Part 3 of the Copyright Act 1994.

5.3.15.2
Delete the first two lines and substitute:

“The basic development length for hooked deformed
bars with f = 300 MPa shall be computed by:”

(Amendment No. 1, December 1989)
5.3.15.3(a)
Delete and substitute:

“Reinforcement having a lower characteristic yield
strength other than 300 MPa ............... f,/300”

(Amendment No. 1, December 1989)

5.3.17.1
Add the following:

"In the design and execution of welding of reinforcing
bar manufactured to NZS 3402 appropriate account
shall be taken of the process of manufacture."

(Amendment No. 1, December 1989)

5.3.17.2
Delete the first line and substitute:

“Welds shall not be made closerthan 10 db from bends.
Steel bars not conforming to NZS 3402 shall not be ...”

(Amendment No. 1, December 1989)

5.3.17.6
Add the following item.

"(e) The properties ofhotrolledand inline continuously
quenched and tempered types of reinforcing bar
shall be taken into account in the design and
execution of any welded connection".

(Amendment No. 1, December 1989)

5.3.20.1
Delete the clause and substitute:

“The minimum length of a lap splice in compression
shall be the development length in compression ¢, in
accordance with 5.3.9 and 5.3.10 but not less than
0.067 fydb for f of 430 MPa or less, nor (0.12 fy- 22)d,
for fy greater than 430 MPa, nor 300 mm. When the
specified concrete strength is less than 20 MPa the lap

length shall be increased by one-third”.

(Amendment No. 1, December 1989)

NZS 3101:Part 1:1982

5.3.32.1
Delete the second paragraph (top of p.40) and substitute:

“Slabs where deformed bars with f =300 MPa are used
... 0.0020 4

Slabs where bars with f = 430 MPa or welded wire
fabric, deformed or plain, are used .............. 0.0018

Slabs where reinforcement with f exceeding 430 MPa
measured at a yield strain of 0.38 % is used
veennens 0.0018 X 430/fy”.

(Amendment No. 1, December 1989)

5.3.36.2
Delete the last two lines and substitute:

“... fabric or deformed bars with a lower characteristic
yield strength of 430 MPa or greater”.

(Amendment No. 1, December 1989)

5.3.36.4
Delete “Crade 275 bar” and substitute “bar with
fy= 300 MPa”.

(Amendment No. 1, December 1989)

5.4.3.2

Add to the end of the first sentence “when the stirrups
or ties are plain round bars or 6 stirrup or tie bar
diameters when the stirrups or ties are deformed bars”.

_____ (Amendment No. 1, December 1989)
5.4.3.3

Add to the end of the clause : “Welds shall not be made
closer than 10 d, from bends”.

(Amendment No. 1, December 1989)
5.5.1.1(a)
Delete and substitute the following:

“No portion of any splice shall be located within the
beam/column joint region, or within one effective
depth of member from the critical section of a potential
plastic hinge region in a beam where stress reversal in
spliced bars could occur”.

(Amendment No. 1, December 1989)
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5.5.1.2
Delete and substitute the following:

"Tensile reinforcement in beams or columns shall not
be spliced by lapping in a region of tensile or reversing
stress unless each spliced bar is confined by a stirrup tie
so that:

A{ d br’ :
i > b r
s 48 fy{

5.5.2.5(b)
Delete and substitute the following:

“Where beams frame into opposite sides of a column
the maximum diameter of the longitudinal beam bars
shall not exceed 12 hc/fy”.

(Amendment No. 1, December 1989)

5.5.2.5(c)
Delete and substitute the following:

“Where the axial compressive load, P_. is greater than
0.4 f’cAg, the ratio of the maximum diameter of the
longitudinal beam bar to the column depth parallel to
the bar shall satisfy:

d 12 P
Lo 2 (2 o) fon (Eq. 5-12)
h f Af
c y g ¢
(Amendment No. 1, Dece_ribir. 1282_)_
5.5.2.5(d)

Delete and substitute the following:

“When it can be shown that the critical section of a
plastic hinge resulting from inelastic seismic
displacements is at a distance from the column face of
at least the depth of the beam or 500 mm, whichever is
less, bar diameters up to 15hc/fy may be used”.

(Amendment No. 1, December 1989)
5.5.3.3
Delete the clause and substitute the following:

“When columns are designed to develop plastic hinges
in the end regions, the maximum diameter of column
bars passing through the beams shall not be greaterthan
1 Shb/fy”.

(Amendment No. 1, December 1989)

NZS 3101:Part 1:1982

5.5.34
Delete the clause and substitute the following:

“When columns are not intended to develop plastic
hinges, the maximum diameter of longitudinal column
bars atany level shall be 20/f times the depth, h,,of the
deepest beam framing into’the column at that level.
This requirement need not be met if it is shown that the
stresses inthe extreme column bars during an earthquake
remalin in tension or compression over the whole bar
length contained within the joint”.

(Amendment No. 1, December 1989)

5.5.6.1
In line 2, add the word “shall” after “members”.

(Amendment No. 1, December 1989)

6.4.7.1(a)(1)
In the last line, change “400 MPa” to “500 MPa”.

(Amendment No. 1, December 1989)

6.4.7.2(a)(1)
In the last line, change “400 MPa” to “500 MPa".

(Amendment No. 1, December 1989)

6.5.3.2(b)
To the end of the sentence add:

“except when the compression reinforcementis placed
within the depth of the compression flange of a T or L
beam builtintegrally withthe web atasection subjected
to positive bending moment”.

(Amendment No. 1, December 1989)

6.5.3.3(e)
Add a further sentence as follows:

“The area of stirrup-ties need not satisfy equation 6-21.”

(Amendment No. 1, December 1989)
6.5.4.2(b)
Delete and substitute the following:

“Area of longitudinal reinforcement shall not be greater
than 1 BAg/f exceptthatin the region of lap splices the
total area’sHall not exceed 24A5/ y”.

(Amendment No. 1, December 1989)
6.5.4.3(a)(2)
In the last line, change “400 MPa” to “500 MPa".

(Amendment No. 1, December 1989)
6.5.4.3(b)(2)
In the last line, change “400 MPa” to “500 MPa".

(Amendment No. 1, December 1989)
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6.5.4.3(b)(6)
Delete and substitute the following:

“Each hoop bar or supplementary cross-tie shall satisfy
the requirements of 6.5.3.3(b) for stirrup-ties”.

(Amendment No. 1, December 1989)
7.3.1.8
Delete the clause and substitute the following:

“The total shear stress v, shall not exceed 0.2 f_or
c
6 MPa”.

(Amendment No. 1, December 1989)

7.3.2.2
In lines 6 and 7, change “effective depth less than
300 mm” to “total depth less than 300 mm”.

(Amendment No. 1, December 1989)

7.3.6.1
Change “415 MPa” to “500 MPa".

(Amendment No. 1, December 1989)

7.3.9.6
Delete the clause and substitute the following:

“Closed stirrups shall be anchored with 135° standard
hooks unless fully welded in accordance with 5.4.3.3.”

(Amendment No. 1, December 1989)

e Ty —

7.3.11.6
Change “415 MPa” to “500 MPa”,

(Amendment No. 1, December 1989)

7.5.2.2
In line 2, change “end regions” to “potential plastic
hinge regions”.

(Amendment No. 1, December 1989)

7.5.31
In line 3, change “end regions” to “potential plastic
hinge regions”.

(Amendment No. 1, December 1989)

NZS 3101:Part 1:1982

7.5.3.2
Delete the clause and substitute the following:

“The potential plastic hinge regions of a member,
whereinaccordance with 7.5.2, the limitations of shear
stress v_apply, shall be not less than that defined for
beams in 6.5.3.1, for columns in 6.5.4.1 and for walls
in the end region in 10.5.5.3".

(Amendment No. 1, December 1989)

7.5.4.4
Delete the clause and substitute the following:

“Therequirements of 7.5.4.2(b) do notapplyto members
in which the minimum axial compression stress on the
gross concrete area, associated with the maximum
shear on the member, is more than 0.10 f_, or to
columns subjected to an axial compression in which
vertical bars are placed along all faces of the section or
in circular array.”

(Amendment No. 1, December 1989)
8.4.2.1
In line 3, change “7.3.6” 10 “7.3.4.3".

(Amendment No. 1, December 1989)

10.1
In the definition of p, , change “a_/bs " to “A_/bs .

(Amendment No. 1, December 1989)
13.3.6.2
In the last line, change “yield stress” to “lower
characteristic yleld strength”.

(Amendment No. 1, December 1989)
13.3.8.2(b)
In line 5, change “410 MPa” to “430 MPa”.

(Amendment No. 1, December 1989)
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8 NZS 3101:Part 1:1982

APPENDIX B

B4.2

Stresses in reinforcement

Delete the clause and substitute the following:

“Tensile stress in reinforcement, fsshall not exceed 0.55 fy or 200 MPa”.

(Amendment No. 1, December 1989)

B8.3.2
Change "415 MPa” to “500 MPa”.

(Amendment No. 1, December 1989)
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CORRIGENDUM to Amendment No. 1 to NZS 3101:Part 1:1982

THE DESIGN OF CONCRETE STRUCTURES

Part 1
Code of practice for
THE DESIGN OF CONCRETE STRUCTURES

5.3.32.1
Change the amended clause to read:

5.3.32.1
Delete the second paragraph (top of p.40) and substitute:

“Slabs where deformed bars with fy =300 MPa are used
........................................................................ 0.0020

Slabs where bars with f = 430 MPa or welded wire
fabric, deformed or plain, are used ..................0.0016

Slabs where reinforcement with f exceeding 430 MPa
measured at a yield strain of 0.35 % is used
....................................... vereeneennnes. 0.0016 X 430/!;”.
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NEW ZEALAND STANDARD

THE DESIGN OF CONCRETE STRUCTURES
Part 1

Code of practice for

THE DESIGN OF CONCRETE STRUCTURES
AMENDMENT No. 2

July 1992

NZS 3101: Part 1:1982

=

EXPLANATORY NOTE - This Amendment applies when this Standard is used as a Verification Method that
is referenced in Approved Document B1 Structure — General, to the New Zealand Building Code. The
Amendment need not apply when this Standard is used under the Model Building Bylaw system which

remains in operation until 31 December 1992.

APPROVAL

Amendment No. 2 was approved in July 1992 by the Standards Council to be an amendment to NZS 3101:
Part 1:1982 pursuant to the provisions of section 10 of the Standards Act 1988.

——— — — — — — — — — — — — — — — — — —

2 DEFINITIONS
Delete the definition of "ENGINEER".

Add a new definition:

"DESIGN ENGINEER. Any person who, on the basis of
experience or qualifications, is competent to design
structural elements of the building under consideration
to safely resist the loads likely to be imposed on the
building.”

(Amendment No. 2, July 1992)

— e — — — — — — — — — — — — — — —

3 GENERAL DESIGN REQUIREMENTS

3.5.6.1
Delete the last words "to the approval of the Engineer".

3.5.12.5
In line 2 delete the words "to the satisfaction of the
Engineer".

(Amendment No. 2, July 1992)

— — —— — — — — — — — — — — — — — — —

4 STRENGTH AND SERVICEABILITY

4.5.2
In line 1 delete the words "NZS 1900:Chapter 5" and
substitute "the New Zealand Building Code".

(Amendment No. 2, July 1992)

—— — —— — — — — — — — — — — — — —

(Amendment No. 2, July 1992)

— — — — — — — — — — — — — — — f— s .

5 REINFORCEMENT-DETAILS, ANCHORAGE AND
DEVELOPMENT

5.3.16.2
In line 2 delete the words "to the Engineer".

5.3.17.1
In .line 2 delete the word
substitute "design engineer".

"Engineer" and

5.3.17.2
In line 2 delete the word "Engineer* and substitute
"design engineer”.

(Amendment No. 2, July 1992)

—— — — — — — — — — — — — — — S ot

5.3.35
In line 1 delete the words "When NZS 1900:Chapter 5"
and substitute "When the New Zealand Building Code".

(Amendment No. 2, July 1992)

— —— — —— — b— — — — — f— — - S — S —

9 BEAM-COLUMN JOINTS

9.53.3
In itemn (b) line 4, delete the words "to the satisfaction of
the Engineer”.

(Amendment No. 2, July 1992)

—— —— — — — — — — — — — — — — — St
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15 STRENGTH EVALUATION OF
EXISTING STRUCTURES

15.2.1
In line 4 delete the words "the Engineer may order" and
substitute "the capacity may be evaluated by".

15.3.2
Delete the clause and substitute:

"Aequirements of Code to be met. The
analysis based on the investigation required by 15.3.1
shall be sufficient to show that the load factors or
permissible stresses and design loads meet the
requirements and intent of this Code".

15.4.1.1

In lines 1 and 2 delete the words "a qualified engineer
acceptable to the Engineer” and substitute "the design
engineer",

15.6.1
In line 3 delete the words "the Engineer may approve"
and substitute "the design engineer may nominate".

(Amendment No. 2, July 1992)

© 1992 STANDARDS COUNCIL
STANDARDS NEW ZEALAND
WELLINGTON TRADE CENTRE, 181-187 VICTORIA STREET
WELLINGTON 1

NZS 3101:Part 1:1982
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NEW ZEALAND STANDARD NZS 3101:Part 1:1982

THE DESIGN OF CONCRETE STRUCTURES Pr oo '

Part 1
Code of practice for
THE DESIGN OF CONCRETE STRUCTURES

AMENDMENT No. 3

August 1993

EXPLANATORY NOTE — Amendment No. 3 to NZS 3101:Part 1:1982 Code of practice for the design of
concrete structures allows use of the concrete code as a limit state design code. It will remain in force
until the full, revised concrete design standard is available early in 1994. The amendment allows designs

in concrete to the new Code of practice for general structural design and design loadings for buildings
NZS 4203:1992.

APPROVAL

Amendment No. 3 was approved on 6 August 1993 by the Standards Council to be an amendment to
NZS 3101: Part 1:1982 pursuant to the provisions of section 10 of the Standards Act 1988.

1 GENERAL

1.1 (page 15)

At the end of the first sentence following the word
"structures" add '"in accordance with the limit state
design method".

(Amendment No. 3, August, 1993)

3 GENERAL DESIGN REQUIREMENTS

3.5.1.1 (page 22)

At the end of clause 3.5.1.1(a) add the following
sentence:

*Values of the structural ductility factor, 1, shall be
givenby NZS 4203:1992but shall have a maximum
value of 6",

(Amendment No. 3, August, 1993)

On page 22 add new clause 3.5.2.4 as follows:

"3.5.2.4 The structural performance factor, S , shall
be 0.67 for structural systems designed in accordance
with this Standard and NZS 4203, unless a different
value is determined from a special study."

(Amendment No. 3, August, 1993)
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4 STRENGTH AND SERVICEABILITY

4.3.1.2 (page 28)

Delete existing clause 4.3.1.2 and substitute the
following:

"4.3.1.2 The strength reduction factor, ¢, shall be as
follows:

(a) Flexure, with or without axial tension ............ 0.85

(b) Axial tension .............ccooeveroviiiieeie e, 0.85

(c) Axial compression, with or without flexure:
Members with spirals, hoops or special
transverse reinforcement complying with
6.4.7.1(a), 6.4.7.2(3) Or 6.5.4.3 ..o 0.85
Other members ........c.ccooooveeveviveccecee, 0.65

except that ¢ may be increased linearly to
0.85 as £, decreases from 0.10 fcAgto zero,

(d) Flexure in walls subjected to seismic forces

and designed in accordance with 10.5...........0.85
(e) Shear and torsion .............cccccoveveveeeeiern . 0.75
(f) Bearing on concrete ............cccoeveeveeeenn, 0.65
(g) Flexure in plain concrete .............ccocooovovniin. 0.60 "

(Amendment No. 3, August, 1993)

© 1993 STANDARDS COUNCIL
STANDARDS NEW ZEALAND
WELLINGTON TRADE CENTRE, 181-187 VICTORIA STREET
WELLINGTON 6001
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