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FOREWORD

The objectives in drafting this Code NZS 3101 Part 1 and its commentary NZS 3l0l
Part 2 have been to provide an up-to-date design code whicl.r covers the des'ign of build-
ings, bridges and other civil engineering structures. In writing all the sectioni, particular
attention has been given to whic ate foi use with
the modern New Zealand s - ZS 4203:1916,
Code of Practice for gene and buildings. Thé
Code is a revision of NZS 3101P:1970 ancl it has been extended to cover the-design
requirements for prestressed concrete. Concurrently with the publication of this doclu-
ment, NZS 310lP:1970 and NZSR 32:1968 prestressed concrete, are revoked.

^ Generally the design requirements of each section of the Code are presented under
fìve 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 memb ers not

designed for seismic loading
Clause 5 Principles and requiretnents adclitional to clause 3 for members designecl

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 o
General principles and re
either to: Principles and
for seismic loading, or to:
designed fÒr seisnlic load
(See diagrarn below.)

DTAGRAM INDICATING ORDER OF USAGE OF CLAUSES

Section 3, General design requirelnents, has a particular importance in the Code for
two teasons:

(a) It covers the use of all other sections which should not be usecl in isolation, but
should be read together wíth Section 3

(b) It establishes the relationship of this Code to the LoadingsCode 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 ame¡d-
ments to NZS 4203 which at the time of publication are being finalized.

design and detailing provisions for membe¡s in structures of limi
to earthquake induced loading. This Section recognizes that less

i¡ements are appropriate because of the larger lateral design load,s
tures.
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The Code permits considerable simplifìcation 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 lenghs 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 modifìcation. Follow-
ing the practice of ACI 318-71 all sections commence with a list of notation used in that
section. In addition, a list of the entire set of symbols used in the Code is presented in
Appenclix 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
appenclix to Commentary Section 3 (C3.4) "A method for the evaluation of column
action in rnultistorey 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 ofits developmental stage and asit
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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Section I

NEW 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
complying with the materials and workmanship require-
ments of NZS 3109.

For special structrlres such as shells, arches, tanks, reser-
voirs, bins and silos, blast-resistant structures and chimneys,
the provisions of this Standard Code ofPractice shall govern
where applicable.

I.2 Interpretation

1.2.I In this Standard the word "shall" indicates a

requirement that is to be adopted in order to comply with
the stanclard, 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-
stnrctior-r."

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.

I .2.4 Wrere any other standard named in this Standard
has been decla¡ed 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

referelrce to any stalrdard currently declared or en-
dorsed in terms of the Standards Act 1965 as super-
seding the nalned standard, including any current
amendments to the superseding standard, declared or
endorsed in terms of the Standards Act I965.

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 standa¡d be-
comes legally enforceable in the case concerned. In gen-
e¡al, 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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Section 2 16

2 DEFINITIONS

2.1 General. The following terms are defined forgeneral
use in this Code. Specialized delìnitions appear in individual
sections:

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

AGGREGATE.Inelt materialwhich is mixed with portland
cement and water to produce concrete.

ANCHORAGE. See 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.

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 energr dissipation under severe deformat-
ions. All other structu¡al elements are then provided
with suffìcient 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 Çon-
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.

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 34O2P.

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

DIAPHRAGM. A horizontal lnenrber composecl of a web
(such as floor or roof slab) or a holizontal truss which
distributes horizontai 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 calculatecl losses have been deducted, ex-
cluding the effects of superimposed loads alìd the weight
of the member; stlesses lemaining in prestressing ten-
dons after all losses have occuued excluding effects of
dead load and superimposed load.

EMBEDMENT LENGTH. The lengtl-r of embedded reirfor-
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. tængth of reinforcement, or a mech-
anical anchor, or a hook, or combination thereof, re-
quired to develop stress in the reinforcement; mechanical
device to transrnit prestressing force to concrete in a post-
tensioned membe¡.

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 o¡ 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 e¡ection of
bridges.

LOAD, DEAD. lncludes the weight of all permanent
components of a structure, f'or exarnple, for. build-
ings - includes walls, partitions, colurrns, floors,
roofs, finishes and fìxed plant and fittings that a¡e 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.

CONCRETE, STRUCTURAL LIGHTWEIGHT. A concrete
containing lightweight aggregate and having a unit weight JACKING FORCE. In prestressed concrete, the temporary
not exceeding 1850 kg/m3. In this Code, a lightweight force exerted by the device which introduces the tànsion
concrete without natural sand is termed "allJightweight into the tendons.
concrete", and lightweight concrete in which all sand
consists of no¡mal weight is termed "sand-lightweight
concrete". LOAD:
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LOAD, EARTHQUAKE. Loads assumed to simulate
earthquake effects as defined by NZS 4203 or other
appropliate loadings code.

LOAD, FACTORED. Loacl, rnultiplied by appropriate
load factors, used to proportion ntembe¡s by the
strength design method of this Code. See 3.3.1 and
4.2.

LOAD, LIVE. The load assumed or known to result
fronl the use of a structure as specified in NZS 4203
or other appropriate loadìngs 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 pìant 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 specifìed strengths of the steel and con-
crete, steel strain hardening, and adclitional steel placed
for constnrction 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
defo¡med 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 ancl seismic lorces.

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

PLASTIC HINGE REGION. Regions in a member as de-
finecl in this Code where signifìcarlt 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 iu the structure.

PRESTRESSED CONCRETE. Concrete in which there
have been int¡oduced internal stresses of such magni-
tude and dist¡ibution 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 detailecl so that the two
materials act together in resisting lorces.

NZS310l:Partl:1982
Section i

SEGMENTAL MEMBER. A structural member made up of
individual elements designed together to act as a mono-
litliic unit under service loads.

SPAN LENGTH. See 3.3.3,5 or 11.1

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 longituclinal 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 adclition 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 31l2Part 2. This is normally denoted
by the general symbolft.

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

STRENGTH, OVER. See Overstrength.

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

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

STRUCTURAL. A term usecl to clenote 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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3 GENERAL DESIGN REQUIREMENTS

3,1 Notation

B the ratio of the Leduction in rnoment of resistance to
the numerically largest moment given anywhere by
the elastic analysis for that particular member cover'-
ing all appropriate combinations of clesign load

c neutral axis depth measurecl from extreme compres-
sion fìbre, mm

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

E earthquake loacls as clefìned by NZS 4203

Ec rnodulus of elasticity of concrete, MPa

ED earthquake loads for parts and portions, specified in' NZS 4203, applied as inertia loading to the secondary

M

,s

v

elements

modulus of elasticity of steel, MPa

specified compressive strength of concrete, MPa

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

clear span for positive moment or shear and the
average adjacent clear spans for negative moment, mm

structural material facto¡ as defined in NZS 4203

structural type facto¡ as defined in NZS 4203

modifìcation factor by which deformations A are
multiplied, as specifìed in NZS 4203

vc ideal shear stress provided by concrete, MPa

r'ìu factored load per unit length of beam or per unit area

of slab

w density of concrete, kg per m3

a displacement or deformation (angular or lineal) of
the primary elements due to the loading E

aD displacement or deformation (angular or lineal) of the' secondary elements due to the loading EO

3.2 Scope

3.2.1 In the design of reinforced and prestressed con-
crete structures for buildings and briclges, the methods of
design, loading arrangernents, assumptions for analysis,
material and stiffness properties, load combinations and
geornetric limitations for structural systems and rnernbers
shall bc as specifìed in thìs Section,

3.3 General principles and requirements for analysis
and design

3.3.1 Methods of design. Members shall be proportionecl
for adequate strength in accordance with the provisions of
this Code using the factored loading specified in NZS 4203,
or other appropriate loadings code and strength reduction
factors, as specified in Section 4.

3.3.2 Aruangement of live load for buildings

3.3.2.1 In frarne analysis for gravity loading the live
load rnay be considered to be applied only to the floor or

NZS310l:Partl:1982
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roof under consideration, and the far ends of the colunns
of continuous frames rnay be assumed as fìxed.

3.3 .2.2 In arranging glavity loads, consideration may be
limited to combinations of:

(Ð 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 Assumpfions and methods of analysis

3.3.3.1 All members of frames or continuous construc-
tion shall be clesigned for the maximum effects of factored
loads as determined by the theory of elastic analysis, except
as modifìed according lo 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 rlay be used for buildings of
usual types of const¡uction, 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
than20%;

(.) 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 bear¡s and one-way slabs
(slabs reinforced to resist flexural stresses in only one
direction):

(1) Positive moment:

End spans

Discontinuous end unrestrained wuLn2 lll

Discontinuous end integral with support wrQnz 114

Interior spans . wuln2 116

(2) Negative moment at exterior face of hrst interior
suppofi:

Twospans .... wrg.n2 19

More than two spans wug.r2 ll0

(3) Negative moment at other faces of
interior supports wug"r2 f 1l
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NZS3101:Part1:1982
Section 3

(4) Negative mornent 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 .... wrLr2 112

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

Where supportis aspandrelbeam . . . . . wug.nz 124

Wheresupportisacolumn .... wugnz116

(6) Shear in end members at face of
first interior support . 1.15 wuLrl2

(7) Slrear at face of all other supports . wrg./2

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

(Ð Equilibriurn between the inte¡nal forces and the
external loads must be rnaintained under each appro-
priate combination of factored loads

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

(.) The elastic monlent at any section in a rnernber due
to a particula¡ combination of factored loads shall
not be reduced by more Than 30% of the numerically
largest moment given anywhere by the elastic mo-
ments envelope for that particular menrber, covering
all conlbinations of factored loads

(d) The neutral axis depth c, of a section resisting a
reduced moment of ¡esistance due to moment redis-
tribution must not be greater than:

c = (0.6 -B)d (Eq.3-1)

(c) For bealns built integraily with supports, lnoments at
faces ofsupport may be used for design

(d) Solid or ribbed slabs built integrally with supports,
with clear spans not mo¡e than 3 rn, 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 mornent 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 fìnish is placed on a slab it
shall be assumed that:

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

(b) All concrete floo¡ fìnishes may be part of requiled
cover or total thickness for non-structural consider-
ations.

3.3.4 Material properties

3.3 f elasticity E" for concrete may
be tak (in MPa) fo, riulu., of w between
1400 or. normal weight concrete, .9"
may b .17[

3.3.4.2 The modulus of elasticity E, of non-prestressed
steel reinforcelneitt may be taken as 200 Gpa.

3.3.4.3 The modulus of elasticity I', of prestressing
tendons shall be detennined by tests or-supplied by the
rnanufacturer.

3.3.5 Stiffness

3.3.5.1 Computation of the relative flexural, shear and
torsional stiffnesses of structu¡al 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 a¡d haunches shall be considered both in
determiling bending molnents and in design of members.

3.3.6 Strucrural members

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

(Ð 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 naximum ratio
of moment to axial load

whe¡e .B is the ratio of the reduction in rnoment of resis-
tance to the numerically largest moment given anywhere
by the elastic analysis for that particular menber covering
all appropriate combinations of a factored 1oad.

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

(") Span length of r¡ernbers not built integrally with
supports shall be considered the clear span plus depth
of meurber but need not exceed distance betwãen
centres of supports

(b) ln analysis of franres o¡ continuous construction for
detennination of rnoments, span length shall be taken
as the distance ceutre-to-centre of supports
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(b) The effect of unbalanced floor or roofloads on both
exterior and interior columns in frames or continuous
construction, and eccentric loading due to other
causes

(c) 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

(d) Resistance to moments at aly floor or roof level,
which shall be provided by distributing the moment
between columns intmedìately above and below the
given floor in propoltion to the relativc column stiff-
ness and conditions ofrestraint.

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

(u) 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:

(l) Eight times the slab thickness, nor

(2) Half the clear distance to the next web

(b) 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) Flalf the clear distance to the next web

(.) Isolated beams, in which the T-shape is used to pro-
vide a flalge 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 reinfo¡cement placed perpendicularly to
the beam shall be provided so as to:

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

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

(3) Be placed not further apart than fìve 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 Methoct of desígn. As an alternirtive to 3.3.1, for
non-prestressed melnbers designed in accordance with

NZS3l0l:Partl:1982
Section 3

allowable stresses under the governing design load, the
"Alternative Method" provided in Appendix B may be
used. For this the design load cor¡binations specifìed 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 o¡ two orthogonal directions,

3.4.2.2 Ribs shall not be less than 100 mm in wiclth;
and shall have a depth ol not more than three and oneJralf
times the minirnum wiclth 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 Io 3.4.2.3 inclusive shall be designed as slabs and
beams.

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

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

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

(Ð Width of ribs shall not be less than 80 mm and depth
shall not be mo¡e 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.

3.4.2.6 When removable forms o¡ fillers not complying
with 3.4.2.5 are used:

(a) Slab thickness shall not be less than one-twelfth the
clea¡ distance between ribs, nor less than 50 mm

(b) Reinforcement normal to the ¡ibs shall be provided in
the slab as required for flexure, considering load con-
centrations if any, but not less than required by
s.3.32.

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

3.4.2.8 Shear stress carried by concrete r" 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 desþ of structures subjected to
seismic loading

3.5.1 Methods of desigrt

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

(Ð Ductile structures resisting seismic loading and under-
going inelastic displacenrents are required to dissipate
energy by ductile flexural yielding in specifìed locali-
ties of the structure. Ductile structures shall be sub-
ject to capacity design as defined in Sectiol 2. Ade-
quate ductility and hysteletic dissipation of seismic
energy may be conside¡ed to have been provided for,
if all primary earthquake resisting elements of such
structures are designed and detailed in accordance
with this Code

(lr) Structures of limited ductility are assumed to have
low inelastic defonnation demand and are designed to
resist seisrnic loads derived with the use of larger
structural type factors, as specified in NZS 42O3 or
other appropriate loading code. Metnber strength is
determined either with capacity or strength design
procedures accorcling to Section 14

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

3.5.1 .2 For st¡uctu¡es subjected to seis¡nic loading, the
alternative method of design, given in Appendix B, shall not
be used.

3.5.1.3 Wherever the requireurents of a capacity design
procedure apply, the maximutl lnember actions to be
expected during large inelastic defonnations of a structure
shall be based on the overstrength ofthepotentialplastic
hhges.

3.5.l .4 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 elernents, 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-
lnic forces shall also be considered.

3.5.1.6 Floor and roof systems in buildings shall be
desigred to act as ho¡izontal structural elements, where
required, to transfer seismic forces to f¡ames or structural
walls.

3.5.1 .1 Structural systems and design rnethods, other
thau those covered in this Code,may be used only if it can

be shown by analysis or experiment, based on accepted
engineering priuciples, that adequate strength, stiffrress and
ductility for the anticipated seismic r¡ovements have beel.r
provided for.

3.5.2 Seisntic loading

3.5.2.1 ln the derivation of the iateral seismic loading,
to be considered with the appropriately factore<l gravity
load, the structulal type factor S, the structural r¡aterial
facl"or M, specifìed by NZS 4203 or other approved codes,
shali be used, The same structural type factor .S shall be
substituted in all relevant equations of the additional seis-
rnic requirernents of this Code.

3.5.2.2 Where rnodifìed capacity design procedures are
usecl, the appropr.iate factors for member overstrength,
dynan.ric lrroment and shear magnification shall be used to
determine the design actions on lnembers.

3.5.2.3 In considering the concurrency of seismic
effects in two-way horizontal force resisting systems the
following requireurents shall l¡e satisfìed:

(a) Colurnns and walls, including their joints and foull-
dations, which are part of a two-way horizontal force
resisting system, shall be designed, i¡ accordalce with
the lequireurents of NZS 4203,for concut'reltt effects
resulting fronr the silnultaneous yielcling of all beams
or cliagonal braces frzuuing into such colunurs or walls
frorn all clirections at the level unde¡ consideration
and as appropriate at other levels

(b) When the design actions on columns, walls or foun-
dations have been de¡ived from capacity design pro-
cedures with appropriate nragnifications for dynamic,
concurrency and oilter extreme seislnic effects, the
intent of 3.5.2.3 (a) may be deemed to have been
satisfied if components of such two-way frarning
systems are desigr.red separately for the maximum
actions so derived for each ofthe principal di¡ections
of the seislnic loading

(c) Bridge nrenrbers shall be designed for any additional
forces ¡esulting fron.r 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

3.5.3.1 In determinir.rg the nlinimuln strengths for
members, designed for the maximum effects of factored
static loads determined by elastic analysis, or for effects
derived from dynarnic analysis, as permitted by NZS 4203
or other appropliate loading code, the strergth reduction
factors specifìed in Sectiou 4 shall be used.

3.5.3.2 Structures classified in 3.5.1.1 (a), such as duc-
tile frames composed of beams and colutnns with or with-
out shear walls, and also cantilever or coupled shear walls
and brÌdge piers, sha-ll be assurned to be forced ùrto lateral
defonnations suffioient to create reversible plastic hinges by
actions ofa severe earthquake.
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3.5.3.3 Whenever capacity design plocedures are used
to deterrnine the strengths of members of structures classi-
fìed in 3.5.1.1 (a) and (b), strength reduction factors neecl
not be usecl.

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

(a) 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
frorn elastic analyses for any combination of earth-
quake and appropriately factored gravity loading

(b) 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
10% of the value derived fiom elastic analysis for the
design earthquake load only. This limitation is satis-
fied if the redistribntion of shear forces between
columns, due to the design earthquake load only, is
limitecl to 30% recluction of the shear force derived
from elastic analysis for the column affected

(c) The positive span momerìts for all clesign load corn-
binations shall be rnoclifie cl in beants when te¡minal
rnoments are changed, to satisfy the reqr,rirements of
stati cs

(d) Moment redistribution shall not be usecl where
terminal beam moments for any load combinations
are based on nomiual values

(e) The requirements of 3.3.3.4 are to be satisfìed wllen
the structure is subjected to gravity ancl wind load
only

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

3.5.4 Msteriql properties

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

3.5.4.2 Specifìed compressive strengtlì of the concrete,

f, shall noi be less than 20 MPa and shall not exceed
55 MPa unless the requirements of 13.5.2 are satisfied.

3.5.4.3 Specifìed yield strength of reinforcement, fy,
used in potential plastìc hinge regions, shall not exceéd
415 MPa.

3.5.4.4 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.

NZS3l0l:Partl:1982
Section 3

3.5.4.5 Only deformed bars shall be used for longitudi-
nal non-prestressed reinforcer.nent.

3.5.4.6 Grade 21 5 plain round bars shall be nsed 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 StiÍfness

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 shea¡ distortions, and distortions of anchorages
and foundations, where appropriate.

3.5.6 Ductíle nxoment resisting space frames

3.5.6.1 In fully cluctile space frarues 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 (a), are verifìed by analysis or tests
to the approval of the Engineer.

3.5.6.2 Taking into account the flexu¡al overstrength
of beams, the flexural strength of columns in frames with
more than two storeys shall be sufficient to preclude the
possibility of sir-nultaneous plastic hinge fonnation 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 In 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 cornpression or to tension, provided that the
corresponding reduction in shear resistance is insignifìcant
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 loacling code.
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3.5.6.1 In estimating the earthquake induced axial
desigl loacls ol.r columns, allowance may be lnade 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 ou an adverse lnoment graclient consistent with the
development of plastic hinges at flexu¡al overstrength in the
adjoining beams o¡ colurnns where plastic hinges are expec-
ted.

3.5.6.9 The ideal shear strength of colurnns shall not be
less than 1.7 times the shea¡ force calculated from the
application of the design seisnric loads of NZS 4203 or
other appropriate loading code.

3.5.6.10 Interior colunrns of gravity load do¡rinated
ductile fi'ames, three storeys or higher, may be clesigned to
develop plastic hinges ir.r any storey sirnultaneously at the
top and the bottom ends, while bealn hinges develop at or
trear the exterior columns only. The total depenclable 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 seisr¡ic loads of NZS 4203
o¡ other appropriate loading code. Exterior columns shall
have adequate flexural reserve strength to absorb with.out
yielding, the overstrength noments generated in a_djacent
bearn hinges.

3.5.6.11 In single stoley or two-storey structures and
in the top storey of a rnultistorey frame, column hinge
mechanisms are perrnitted. rùhere such mechanistns are
used and where the adjacent bealns 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 requirernents of 3.5 with
respect of such beams only, neecl not be satisfied.

3.5.6.12 Components of the structure, which are not
intended to aot as prirnary lateral load resisting rnembers,
may be precast, cast-in-place, cornposite or of any other
approved system, provided that the connections to the
ductile frarne pennit the expected inelastic deforrnations to
occur without irreparable damage to the prinrary ¡rember
of the fralne to which they may be attached, and witJrout
any reduction below the required gravity load carrying
capacity of such secondary component. Where relevant, the
requirements of 3.5.14 sl.rall be satisfìed.

3.5.6.13 Provisions shall be made for p-<lelta effects irr
accordauce with the requirements of NZS 4203 or other
appropriate loading code.

3,5.'l Ductile shear wall structures

3.5.1 .l In ductile structures where the lateral earth-
quake load is resisted by a system of cantilever or couplefl
walls, the appropriate structural type factor S specifìed by
NZS 4203 shall be used, and where applicable, allowance
for the dynarnic magnifìcation of shear forces shall be made.

3.5.1.2 A1l walls to which lateral earthquake load is
assigned shall be designed to be capable of dissipating seis-
nlic elìergy by flexural yielding.

3.5.7.3 Appropriately modifìed capacity clesign pro-
cedures shall be used to ensure that the ideat shear strength
of walls is in excess of the shear fo¡ce when flexulal over-
strength is reachecl.

3.5.7.4 When two or rrore cantilever walls are inter-
connected in the sarne plane at intervals by substantial duc-
tile beams, part of the seislnic elergy to be clissipated sliall
be assigned to the coupling systern. Capacity design pro-
cedures shall be used to ensure that the energy dissipatio¡
in the coupling system czur be maintainecl at its flexural
overstrength.

3.5.8 Ductile hybrid structures

3,5.8.1 Whcrrevcr a collbination of cliffeLent <luclile
stnrctural systerns is usecl, rational analysis, takilg into
accouut the relative stiffness and location ofsuch elements,
shall be entployed to allocate tl.re seisuric resistance to each
element. In this, attention shall be given to the likely euergy
dissipation capacity of each elernent, and the ensuing local
damage in relation to the ductility demand on the elèment
when the desi¡ed ductility for the building as a whole is
attained.

3.5.9 Ductile bridge structures

3.5.9.1 Bridge structures sha_ll 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-
be¡s are intended to perfomr 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 provisiotrs of 3.5.13 apply.

3.5.9.2 Prirnary lateral load resisting mernbe¡s shall be
subject to capacity design procedures. T
flexural strength of primary energy dissip
shall be not less than the bending monents a
locations fiont an elastic analysis with the
applied. The structure shall then be analysed as a piastic
mechanism assulning all intended or potential plastic hinges
to have developed their flexural overstrength, ancl the
strength of resisting members shall be lnade such as to
rninirnize the likelihood of yielding in such rnelnber.s uncler
these conditions.

3.5.9.3 In detennining the required flexural strength of
piers, fJre rnost adverse contbination ol earthquake ancl
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 lnolnents caused by frictional fo¡ces in
sliding bearings shall have a suitable margin over the mornent
and shear induced at the maxinrum likely coefficient of
friction.

3.5.9.5 The ideal flexural and shear strength of r¡eur-
bers resistirg thc nrornents caused by shear forces in elasto-
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meric bearings, where the menrbers ate not intencled to
forrn plastic hinges as part of the prirnary seismic energy

dissipating tnechanism, shall have a suitable rnargin over the
actions corresponding to the horizontal limit displacernent
appropriate to the design.

3.5.9.6 ln order to ptotect the bridge against brittle
failure, reserve shear capacity shall be provided. Accordingly,
the ideal shear strength in members which are part of the
primary seismic dissipating mechanism, such as piers, and
in the resisting mernbers, such as shear keys, shall be not
less than the forces corresponding to a plastic mechanism
in which all intended plastic hinges are assnmed to have

develope d their overstrength.

3.5 .9 .7 Transverse reinforcement for confìnement in
potential plastic hinge regions shall be not less than that
required 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.

3.5.9.8 Attention to detail shall be given to minimize
secondary darnage during strong earthquake nlotions' Due
allowance shall be made to accommodate the anticipated
relative movements between structural components.

3.5 .9 .9 Positive horizontal linkage shall be provided
between adjacent sections of superstructure at supports and

hinges, and between superstructures and their supporting
abutments, Holding-down devices shall be provided at all
supports and hinges wllere horizontal deflection of the
superstructure can cause an appreciable reduction in the
gravity load reaction between superstructure and bearings.

3.5.1 0 Srruc tutres with limited ductilitlt

3,5.10.1 In structures with limitecl cluctility, the systent

as a whole or the primary lateral load resisting components
are not considered to be capable of sustaining tlie inelastic
displacements that a¡e expected in fully cluctile structures,
without signifìcant 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):

(u) 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 limitecl ductility shall also

apply to bridge structtrres

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

(c) Capacity design procedures may be used, in combi-
nation with modifications for the additional seísmic

design and detailing requirements of this code fo¡
fully ductile structures, as permitted by 14.3.3.1

(d) 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 in.rposed by Section 14.

NZS3101:Part1:1982
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3.5.11 Elasticallv 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 seisrnic requirements of all relevant
sections of this Code, provided that the earthquake desigrr

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 founclation systeln shall main-
tain its ability to support the design gravity loads while
maintaining the chosen earthquake energy dissipating mech-
anisms in the structure.

3.5.12.2 Elastic foundations supporting ductile super'
structltres. 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:

(Ð 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 eners/ dissipating mechanism in the super-
structure consistent with the appropriately factored
gravity loads, in accordance with capacity design pro-
cedures

(b) 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

(c) Every component of tlte foundation stlucture 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
strucfiires. Components of foundation structu¡es designed
to transmit actions elastically from elastically responding
superstructure, defìned in 3.5.1.1 (c), need not meet the
additional seismic requirements of this Code.

3.5.12.4 Ductile foundatíon 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, sliall comply
with:

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

3,5.12.5 Rocking foundatiorts. When specÍal 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:

(Ð The vertical design loacls on the foundations are
determined from factored gravity loads together with
overstrength contributions of adjacent slabs, beams
and other elements which rnay be yielding during the
rocking of the wall system, and having regard to a1l

accelerations induced in the superstructure during
rocking

(b) The lateral design load acting simultaneously 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 Uplíft forces. Uplift forces that rnay act or
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 íncorporating mechanical energy
dissipating devíces. The design of structures

incorporating flexible mountings and mechanical energy
dissipating devices is acceptable provided that the followiñg
criteria a¡e satisfìed:

G) The perfonlance of the devices used is substantiated
by tests

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

(.) The degree ofprotection against yielding of the struc-
tural members is at least as great as that implied in
this Code relatiug to the conventional seismic desigrr
approach without energy dissipating devices

(d) The structure is detailed to deform in a controlled
malller in the event of an earthquake greater than the
desigrr earthquake.

3.5 ,14 Secondary sfructrtral 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
necessaty for the su¡vival of the building as a whole under
seismically induced lateral loading, but which are subjected
to loads clue to accelerations trausmitted to thern, or ilue to
dcfonllations of thc stlucture as a whole. These arc classi-
fìed as follows:

(u) Elernents of Group 1 are those which are subjected to
inertia loading but which, by vir.tue of their cletailed
separations, are not subjected to loading induced by
the defonnation 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 l, 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 2^ and A-. Such
separation shall allow adequate tolerances in the c6nstruc-
tion of the element and adjacent elements, and, where
appropriate, allow fo¡ deformation due to other loading
conditions such as gravity loading. For elements of Group 1I

(u) Loacling ^6, used in the design shall be that specifìed
in NZS 42b3

(b) Analysis may be by any rational methocl

(.) Detailing shall be such as to allow ductile behaviou¡
and in acco¡dance with the assumptions made in the
analy_sis. Fixings for precast units shall be designed
and detailed in accordance with 3.5.15.

3.5.14.3 Group 2 elements shall be cletailed to allow
ductile behaviour and in accorclalice with the assumptions
made in the analysis. For elelneuts of Group 2:

(.) Additional seislnic requirements of this Cocle need not
be satisfied when the design loaclings are clerivecl from
the imposed deformations /A, specified in NZS 4203,
and the assunrptions of elastic behaviour

(b) Additional seisrnic requirements of this Code shall be
met when plastic behaviou¡ is assurned at levels of
deformation below y A

(c) Inertia loading .EU shall be that specifìed by NZS
4203

(d) Loadings inclucecl by the clcfortnation of the prinrary
elements shall be those arising frorn the level of clefoi-
lnation z¡, specified iu NZS 4203 having due regard
to the pa.ttern and likely simultaneity of defonration

(e) Analysis may be by any r.ational 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 deforma tible
with one-quarte u¿,,
of the prirnary 203

z6
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(Ð Where elastic theory is applied in accordance with (e)

for cleforrnation corresponding to 0,5 PA or larger,
the design and detailing requirertìents of Section 14

may be applied, but otherwise the additional seismic

requirernents of other sections shall apply.

3.5.15 Fixings for precøst non-structural elements

3.5.15.1 When seismic deflection of the structure
results ir-r 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 fìxing points, corresponding to the seismic
deflection computed by NZS 4203.

NZS3l0l:Partl:1982
Section 3

3,5.15,2 In buildings where the relative movements at

the fixing points, cornputed 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
recluire deflections in the fìxings 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 fìxings, together with their
anchorages shall be designed to defo¡m 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

average effective area of concrete in tension around
each ¡einforcing bar, calculatecl from the effective
tension area of concrete surrounding tlie main tension
reinforcing bars and having the same centroid as that
¡einforcement, divided by the numbe¡ of bars, mm2
g¡oss area of section, rnrn2

a¡ea of non-prestressed tension teinforcement, mm2

area of compression reinforcement, mm2

distance fiom ext¡el¡e cornpression fìbre to centroid
of cornpression reinforcernent, rnrn

distance froln ext¡elne tension fìbre to cent¡oid of
tension reinforcement, ntm

Ec modulus of elasticity of concrete, Mpa. See 3.3.4.1

f¿ specified compressive strength of concrete, Mpa
y'fisquare root of specified compressive strength of con-

crete, MPa

f"t average splitting tensile strength of lightweight aggre_
gate concrete, MPa

lurodulus of rupture of concre te, Mpa

steel stress at service load, MPa

specilìed yield strength of non-prestressecl reinforce_
ment, MPa

l¡ overall thickness of rnember, rnm
hr distance from the centroid of the tension steel to the

neutral axis, mm

h2 distance from the extreme tensiou fìb¡e to the neutra_l

t6 distance from extreure tension fìbre to the centre of
tlie adjacent bar, mrn

U r-equired strength in acco¡dance with appropriate
design loadings code

w density of concrete, kg per tl3
w *ox. maximutn crack width at the surface of the mernber,

mm

! t distance fiom centroidal axis of gross section, neglect_
ing the reinforcement, to extreme fìbre in tension

e 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 bea¡n. See Section I l.

otm average value of e fo¡ all bearns on the edges of a
panel

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

0s ra_tio of length of continuous edges to total perimeter
of a slab panel

"l ratio of distance between centroids of tensile and
comptessive ¡einforceurent to overall depth of the
lnember

Ó strength reduction factor

4.2 General

4.2.l Structures and structural lnembers shall be
desigred to have dependable strengths at least equal to the
required strenghs calculated for the factorecl 

-loads 
ancl

applied forces in such combinations as are stipulated in
NZS 4203 o¡ othe¡ appropriate loadings cocle.

4.2.2 Mernbe¡s also shall meet all other requirements of
this Code to eusure adequate perforrnance at service loads
in such combinations as are stipulatecl in the appropriate
loadings code.

4,3 Strength

4.3.1 General requirements

4.3.1.1 The desigu dependable strength of a member or

^ .4.3.1 .2 The strength reduction factor @ shall be as
follows:

(u) Flexure, with or without axial tension 0,90

0.90

28

Ao

AS

A,S

d'

ds

rr
/,
fy

Icr
Ie

Io

K"p

axls, mm

moment of ine¡tia of cracked section, mm4

effective moment of inertia for computation of
deflection, mma

rnometlt of inertia of gross colìcrete sectiou about the
centroidal axis, neglecting the r.einlorcerneut, lnm4
factor used_-in cornputing deflections allowing for
long-time effects

span. length of beam, girder or one-way slab, as de-
fìned in 3.3.3.5 (a);clear projection of cäntileíe¡, mm
lengh of clear span in long direction of two-way
construction, rneasured face-to-face of columns in
slabs without beams and face-to-face of bealns o¡
other supports in other cases, mm

shortest span length of bridge cleck slab, mm
maxtmum mornent in member at stage for which
deflection is being computed, N mm
cracking moment, N mm

rnaximum design axial loail in compression with given
ecceltricity_due to gravity and seiimic loading aóting
on the member during an earthquake "
ideal axial load strength at given eccentricity

factored axial load at given eccentricity (not includ_
ing any prestressing force) ( óp¡, N

9,,

r,
Ma

M",

Pe

P¡

Pu

(b) Axial tension
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Axial compression, with or without flexure:
Members with spirals, hoops or special trans-
verse reinforcement complying with
6.4.7.1 (a),6.a.7.2 (a) or 6.5.4.3

Other members
except that @ may be increased linearly to 0.9
decreases from 0.10 flA, to zero.

Flexure in walls subjected to seisrnic loading
and designed in accordance with 10.5

NZS3101:Partl:1982
Section 4

Table 4.1

MINIMI.]M THICKNESSES OF NON.PRESTRESSED
BEAMS OR ONE-WAY SLABS

NOTE - The values given shall be used directly for members wrtlr
normal density concrete (w = 2400 kg/m3) and Grades
275 or 380 reinfo¡cement. For othe¡ conditions, the
values shall be modified as follows:

Fo¡ st¡uctural lightweight conc¡ete 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 ir kg per m3.

For other thut 275 or 380 MPa, the values fot fu =
380 MPa shall be multiplied by (0.4 + frl630).

þ=
Qn 6 .s2 + 0.00s 6/)

29

(c)

0.90

0.70
as Pu

0.90
(d)

(e)

(Ð

(e)

Shear and torsion . . 0.85

Bcaringoncoucrete ,.,..,0.70

Flexure in plain concrete . . . 0.65

4.3.l .3 Development lengths specifìed in Section 5

already allow for understrength.

4.3.1.4 Designs shall not be based on a yield strength
for reinforcing steel, /r, in excess of 5 50 MPa.

4.3 .2 Additional requirements for members designed for
seismic loading. When the design moments, axial

loads ancl shear forces for a section are derived fiom over-

strengths of adjacent tnembers or sections, in accordance

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

4.4 Serviceability

4.4.1 Detlection

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.

4.4.1 .2 Minimum thiclmess. The minimum thickness
specifìed 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:

(u) 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:

(l) The minimum thickness of slabs or other two-
way construction designed in accordance with
the provisions of Section 1 1, and having a ratio
of long to short span not exceeding 2, shal1 be
governcd by equations 4-1 ,4-2 and 4-3, and the
other provisiotìs of this clause

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

For slabs without beams
or drop panels . . 125 mm

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

For slabs having bealns on
all four edges with a value
of a. at least equal to 2.0 . . . . . . 90 mm

,:o - r:U lqm - o.t ,t 
. 

Or,irlPJ

but not less than

. Qn (5.s2 + 0.00s/u )n= ''- 
2so+3sB(1+Bs)

and need not be more than

. 9.n$.52 + 0.005/u)
It= r

250

. (Eq. a-2)

(Eq. a-3)

fy

MPa
Member

Minimum thickness,h

Members not supporting or
attøched to partitions or other

construction likely to be damaged
by larse deflections

Simply
sup-

ported

One end
contin-
uous

Both
ends

contin.

Canti-
lever

2'ts

Solid one-
way slabs

Qt
t25

2t/30
Lt
t35

?.t
t13

Beams or
ribbed one-
way slabs

Lt
t20

9.t
t23

Q'
tz6 9t

/10

380

Solid one-

way slabs

9.t
t21

ol.,, ,l 
rn

I'tli

Beams or
ribbed one-
way slabs

Q'ttl 9.ttt9 9t
t22

2'
/g
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(2) 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 ceut¡e-
to-cent¡e 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 I0%

(3) At discontinuous edges, an edge beam shail be
provided with a stiffness ratio û not less than
0.80; or the minimum thickness required by
equations 4-7,4-2 or 4-3, or by (2) above, shall
be increased by at least I0% in the panel with a
discontinuous edge

(c) Composite construction for buitdings:
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 whetller the values
in table 4.7 for normal density or lightweight con-
crete apply

(d) ßridge structure mentbers:
The rninirnutr thickness stipulated in table 4.2 shall
apply to flexural urembers of bridge st¡uctures unless
cotnputation of deflection and design for the effects
of t¡affic-induced vib¡ation in acco¡dance with 4.4.3
indicates that lesser thickness may be use<l without
adverse effect.

Tøble 4.2
MINIMUM THICKNESSES OF CONTINUOUS

PRISMATIC'T FLEXURAL MEMBERS OF
BRIDGE STRUCTURES

the usual methods or formulae for elastic
deflections considering effects of cracking and
reinforcement on melnber stiffless.

Unless stiffness values are obtained by a
lurore comprehensive analysis, irnmediate deflec-
tion shall be computed with the modulus of
elasticity E, for concrete as specifìed in 3.3.4.1
(normal density or lightweight concrete) and
with the effective moment of inertia as fo1lows,

3-l

11rr......(8q.44)
J

^r - hrstttcr - 

-
/t

and lor normal density concrete

fr = 0.6r/T @q. a-6)

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

either, when /.¡ is specified and the conc¡ete
mix is designed in accordance with NZS 3152,
/r_qlf4ll be modited by substituting 1.8 /r¡ hrL
Jfi,t"t rhe vatue oi t.z ¡r, stralinot ältee¿
! Ici

or, when/.¡ is not specified,f shall be multi-
plied by 0.75 for "all-lightweight" concrete,
and 0.85 fo¡ "sand-ligl.rtweight" concrete.
Linear interpolation may be used when partial
sand replacement is used.

For continuous spans, the effective lnoment
of inertia rnay be taken as the average of the
values obtained f¡or.n eq. 4-4 for the critical
positive and negative moment sections

(2) Conrputatiort of long-tírtte deflection. Unless
values are obtained by a more cornprehensive
analysis, the additional long-time deflection for
flexural membe¡s (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

Kcp = f2 - 1.2 (A'slAs)l > O.O (Eq. a_7)

Two-way cons truc tiott ( non-p restressed ) ;

(1) Computation of immediate deflection. Deflec-
tions shall be cornputed, taking into account
the size arld shape of the panel, the conditions
of support and the nature of restraints at the
panel edges. For deflection computations, the
modulus of elasticity, Er, for concrete shall be
as specified in 3.3.4.1. The effective moment of
ine¡tia shall be that given by eq. 44; othet
values may be used if the computed deflection
is in reasonable agreement with the results of
comprehensive tests

(Eq. a-s)

Superstrucfure type Minimum thickness ( rnm )

Bridgedeckslabs ....

T-Girders

Box-Girde¡s

,o*þ.--
9"

ls0 +¡

rso +*

È For non-prismatic rnembers, that is, members with variable depth
or width, the yalues given may be adjusted to account for change
in relative stiffness of positive and negative moment sections. (b)

4.4.1 .3 Computatictn of deflection

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

(1) Computation of imntediate deflection. Where
deflections are to be computed, the deflections
that occu¡ imrnediately on application of serv-
vice load, in accordance with appropriate load-
ing code requirernents, shall be computed by
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(2) Computation of long-time deflection. Addit-
ional long-tirne deflection shall be computed in
accordance with 4.4.1.3 (a) (2)

(.) Prestressedconcreteconstruction:

(1) Computation of immediate deflection. For
flexural members designed in accordance with
the provisions of Section 13, irnrnediate 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) Computafion of long-time deflection. The
additional long-time deflection of prestressed
concrete members shall be cornputed taking
into account the stresses in the concrete and
the steel under the sustained load and including
tlie effects of creep and shrinkage of the con-
crete and relaxation of the steel

(d) Compositeconstntction:

(1) Shored consttuction. If composite flexural
members are supported during construction so
that, after removal of temporary supports, the
dead load is resisted by the fuli composite sec-

tion, the composite member lnay 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 effects in a

prestressed concrete member

(2) If the thickness of a non-prestressed composite
member meets the requirements of lable 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.

4.4.2 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 widtlis accorcling to 4.4.2.2 alnd

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 215MPa

NZS3101:Partl:1982
Section 4

(c) The diameter of flexural reinforcement exceeds
32 mm

(d) The design of prestressed concrete mernbers 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 snrface of members rein-
forced by deformed bars shall be taken as not less than

31

s--ht
w*or. = 7 .1 t/ ttA 

¡ f, " 
l0 -s mm . (Eq. a-8)

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 wi¡}r 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 ofthe 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 ¡einforced concrete
may be applied.

4.4.3 Vibration. Where there is a likelihood of a struc-
ture being subjected to vibration froln causes such as wind
forces, machinery or traffìc 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
natu¡e.

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
straigl-rt 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 satisfìed.
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Table 4.3 ALLOWABLE SURFACE IYIDTH oF CRACKS UNDER SERYICE LOAD

Material

Load category

Type

ol
Environment

I
[mmediately after

transfer before
time dependent

/osses

II
Permanent loads

Plus ttøriable loads
of long duration;

or permanent loads
plus frequentþ
repetitive loads,

for example,
highway bidge

normal loads

ilI
Specified service

loads for buildings
where Load

Category II does
not øpply

IV
Permanent loads
plus infrequent
combinations of
transient loads,

for example,
highway bridge

overloads

Reinforced
concrete

Prestressed
concrete 0.3 mm

0.4 mm

0.2 mm

0.4 mm

0.3 rrun

0.5 mm

0.4 mm

lnternal

Reinforced
concrete

Prestressed
concrete 0.2 mm

0.3 mm

0.1 mm

0.3 mm

0.2 mm

0.4 mm

0.3 mm

External

Reinforced
concrete

Prestressed
concrete Zero

0.2 mm

Zerc

0.2 mm

0.1 mm

0.3 mm

mm0.2

Aggressive
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5 REINFORCEMENT - DETAILS, ANCHORAGE AND
DEVELOPMENT

5.1 Notation

A6 area of an individual bar, mm2

Ag gross area of section, mm2

Arp area of flexural reinforcemeni provided, mm2

Arr area of required flexural teinforcement, mm2

At area of bar formed into spiral reinforcement, mm2

At, 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 divicled by n,mmz
if longitudinal bars are enclosed within spiral rein-
fot'cement, A¡,mrn2

area of shear reinforcement within a distance s, mm2

area of an individual wire to be developed or spliced,
mm2

web width, or diameter of circular section, mm

the smaller of c, or c5,lnrlr

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

cs 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,c, shall be the smaller of the distance fiom
the concrete side face to the centre of the outside
bar, or one-half the clear spacing ofbars spliced at the
same location plus a half bar diameter, mm

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

d6 nominal diameter ol bar, wire or prestressing strand,
or in a bundle, the diameter of a bar of equivalent
area, mm

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

f ¿ specified compressive strength of concrete, MPa

fn tensile stress developed by standard hook, MPa

fo, calculated stress in prestressing steel at design load,
' MPa

ls steel stress, MPa

l* effective stress in prestressing steel after losses, MPa

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

fut specifìed yield strength of transverse reinforcement,
" MPa

å overall thickness olmember, mm

NZS3l0l:Part1:1982
Section 5

h6 beam depth, mm

hc column depth parallel to the longitudinal beam bars

being consideted, mm

k6 multiplier applied to the permitted beam bar sizes

through column joints in non-yielding beams

kt, an index of the transverse reinforcement provided
along the anchored bar,A¡yfy¡llOs, expressed as mm

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

A 6 distance from critical section to start ol bend, mm

9¿ development length, mm

9¿U basic development length ol a straight bar, mm

LAn development lengtli of hookecl bars, equal to straigltt
embedment between critical section ancl point of
tangency of hook, plus bend radius, plus otre bar
diameter, mm

Qm basic development length for a hookecl bar, mm

ÐM¡ 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

ÐM" 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

Mi ideal flexural strength of section, Nmm

n number of bars in a layer

Prrr¡, minimum axial load on a column at its junction with
a beam in which plastic hinges form,ly'

s maximum spacing of transverse reinforcement within
[d, or spacing of stirrups or ties or spacing ofsucces-
sive turns of a spiral, all measured ceutre-to-centre,
mm

så for a particular bar or group of bars in contact, the
centre-to-centre distance, measured perpendicr,rlar to
the plane of the bend, to the adjacent bar or group of
bars or, for a bar or group ofbars adjacent to the face
of the member, the cover plus d¿, mm

sw spacing of wires to be developed or spliced, mm

Vu factored shear force at section,.ly'

fu 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 ancl cover, and
dcsign of anchorage, development and splices.
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5.3 General principles and requirements

5 .3.1 Steel reinforcentetú

5.3.1.1 All reinforcement other than ties, stirrups,
spirals, welded wire fabric and 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.I.2 Reinfolcing bars shall couform to NZS 3402P,
unless special design provisions are made.

5.3.2 Hooks. The term "standard hook" as used herein
shall mean either:

(u) 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 72 bar
diameters at tire free er.rd of the bar; or

(c) A 135' stirrup hook, which is defined as a l35o turn
arouncl a longitudinal bar plus an extension of at least
8 stirrup bar diarneters at the free end of tl-re bar
enlbedded in the core concrete of the mernl¡er.

5.3.3 Minimunt bend diatneter. The diameter of bend,
measuled to the inside of the bar, shall tiot 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 tLansverse bars are placed in contact with the
inside of the bend or where 96 )9,¿12. The transverse bars
shall have a diameter at least as great as that of the bent
b ar.

Table 5.1 MINIMUM DIAMETERS OF BEND

Table 5,2 MINIMUM DIAMETERS OF BENDS FOR
STIRRUPS AND TIES

Steel
grade

Bar
dia. (mm)

d6

Minimum dianteter of bend
d1

Plain bars Deformed bars

215 6.24 2dr 4dt

380 6-20 4dø Bdu

where d¡is the'stirrup or tie bar diameter.

5.3.4.2 Inside diameter of bends in welded wire fabric,
plain or defolmed, 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 S¡tacing of reinJ'orcenrcnt

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

5.3.5.2 The nominal maximum size of the aggregate
shall not be larger than tllree-fourths of the lninimum clear
spacing between indiviclual reinforcing bars or bundles or
pre-tensioning tendons or post-tensioning ducts.

\{here parallel reinforcement is placed in two or more
layers in beams, the bars in the upper layels shall be placed
directly above those in the bottom layer witli the clear dis-
tance between layers not less tltan 25 mm nor the nominal
diameter of tl-re 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 withh the span of flexural
members shall telminate at different points with at least
40 bar diameters stagger. Wrere spacing limitation and
minimum clear cover are basecl on bar size, a unit of
bundled bars shall be treated as a single bar of a diameter
derived frorn the equivalent total area.

5.3.5.4 ln 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 rest¡ictious for
bridge structures in 5.3.5.5. Minimum bar spacing in base-

ment walis 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 eitl.rer:

(a) The adjacent corlcrete surfaÇes are not exposed to

34

The diameter of bend measured

shall not be less than:

dr e¡,fv
d¡)d6(0s+s-s)a-ùí,

to the inside of the bar

Eq.5-1

5.3.4 Stirrup qnd tie bends

5.3.4.1 lnside diarneter ol 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 table5,2.

Steel
grude

Bar dia. (mm)

d6

Minintutn dín.
of bend

di

275
6-28 5du

32-40 6dt

380
6-20 Sdtt

24-40 l0 d6
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direct suniight and the bars parallel to the span of a

member are always in flexural compression; or

(b) Theadjacent concrete surfaces are not exposed to the
weather and the reinforcement is not strèssed in ten-
sion by repetitive live loads.

5.3.5.6 In spirally reinforced and tiecl compression
members, the clear clistance between longitudinal bars shall
be not less than 1.5 d6, nor 40 mm.

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

5.3.5.8 The clear distances between pre-tensioning
reinforcement at each end of the member shall be not less
than 4 r/¡ of individual wires nor 3 d6 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 sha1l 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 througli the duct.

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

5.3.1 Development length of deþrmed bars and de-

formed wire in tension

5.3.1 .1 The development length, 2¿, of deformed bars
in tension shall be computed as the product of the basic
development length, R.¿6, from 5.3.1 .2 and the applicable
modification factor or factors in 5.3.1 .3, but l¿ shall not
be less than 300 mm.

5.3.1 .2 Tlre basic development length, 9¿6, for Grade
275 reinforcement shall be computed as follows:

(u) The basìc development length for any of the bars in a

layer where the cover to the bars ís not less than
40 mm and the centre-to-centre spacing of such bars
is not less than 100 mm

NZS3l0l:Partl:1982
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than 40 mm cliameter are used with a centre-to-centre
spacing of not less that 3 d6

^ 2o0dt
Ydb = _;-u Eq. 5-4

!Ic
or with a centre-to-centre spacing of bars not less
than 80 mm

400
Am = 

-* 
(d6 - tt)

!Ic
Eq. 5-5

(.) When the limitations of 5,3.1 .2 (a) are not satisfied,
then the basic development length need not be
greater than

380 ,4 ¡.
a¿u = -; Eq.5-6

c1'/lc

where c shall not be taken iarger than 3 d¿

5.3.1 .3 The basic development length sl-rall be multi-
plied by the applicable factor or factors for:

(u) Reinforcement having yield strength other than
275 MPa .lrlZlS

(b) Top horizontal reinforcement where more than
300 mm of fresh concrete is cast in the member
belowthebar... ...1.3

(.) Reinforcement in a flexural member (not subjected
to seismic loads nor required lor temperature or
shrinkage in restrained members) in excess of that
required .ArrlArp

(d) Transverse reinforcement where at least three bars,
transverse to the bar being developed, and outside it,
are provicìed within l¿, the factors 1.0 or

c
mav be used:ctk¡,

where k¡, shall be taken not more than d¡,
u!d..L¿U,is calculated by eq. 5-6, and c and, c t k¡,
shall each be taken as not more Ihut 3 d6.

Transverse reinforcement used for shear, flexure or
temperature may be included in,4r"

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 l¿ for a de-
formed bar or wire but not less lha¡ 24 bar ãiameters.

5.3.9 Development length of deþrmed bars in compres-
sion

5.3.9.1 Development length 1¿ for deformed bars in
compression shall be computed as the product of the basic
development length of 5.3.9.2 and applicable modifìcation
factors of 5.3.9.3, but l¿ shall not be less than 200 mm.

5.3.9.2 Basic development length in compression shall
be . . . 0.24 dbfy l\/ f¿
but not less than . . .0.044 d6fy

35

Q¿6=24d6whend6 (20 mm

and, fi >zo tvtva

qu =1J4,.., ! when d¡ ) 2o mm
!f"

Eq. 5-2

Eq. 5-3

and the contribution of transverse reinforcement as

in 5.3.7.3 (d) shall not be considered

(b) When the limitations of 5.3.1.2 (a) are not satisfied
in beams and columns, and several bars not larger
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5.3.9.3 Basic development length in compression may
be multiplied by applicable factors for:

(') 1ï'lï'"':: l" :i'::' :"Ïi l'::u:i :l;T:¿";
(b) Reinforcement enclosed within spilal reinforcement

or rectangular ties provided that at least three sets of
ties or turns of spirals are present over l¿ and

Ar- An
-:J>--:- .....0.7.5s - 1000'

5.3.IO Development length of plain bars itt contpression.
The developlnent length, 9¿, for plain bars in compression
shall be twice the calculated value for a deformed bar of the
same diameter.

5.3.71 Developmetxt of bundled bars. Development
length of individual bars within a bundle, in tension or com-
pression, shall be that for the individual bar,tncreased20%
for a tlrree-bar bundle, and 33% for a four-bar bundle.

5.3.72 DevelopmerLt of welded deformed wire føbric in
tension

5.3.12.1 Development length, 9¿, 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-
ifìcation factor or factors of 5.3.7.3, but 1¿ 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

5.3.14 Development of prestressing strand

5.3.14,1 Three or seveu-wire ple-tensioning strand shall
be bonded beyond the critical section for a development
length

ea Þ ffp,-!f,òout, Eq. 5-9

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

5.3.14.3 Where bonding of a strand does r.rot extend to
the end of a member, bonded development length specified
in 5.3.14.1 shall be doubled,

5.3.75 Standard hooks in tension

5.3.15.1 The development length Q¿¡of a deformed bar'
in tension terminating in a standard hook shall be com-
puted as the product of the basic development lenglh Q¡6
from 5.3.15.2 and the applicable factor or factors in
5.3.15.3 bu| Q¿¡ shall not be taken less than 8 d6 or
150 mm, whichever is greater.

5.3.15.2 The basic development length for Grade 215
hooked deformed bars shall be computed by:

66 dr
9¡6 = --==J Eq.5-10

!Ic
5.3.15.3 The basic development length shall be multi-

plied by the applicable factor or facto¡s for:

(Ð Reinforcement having yield strength other than
27 5 MPa . frlzl s

(b) Confinernent; îor 32 mm bars or smaller with side
cover normal to the plane of the hooked bar not less

than 60 mm and cover ol1 the tail extension of 90o
hooks r.rot less than 40 mm . . . . 0.7

For confinement by closed stirrups or hoops at a

maximum spacing of 6d6 or less, where

At, - Ah

s 1000

(.) Reinforcement in flexulal members (not subjected to
seismic loads nor required for temeprature or shrink-

'::'i:':i'l:' ::'::il ' :ï:i :"i:';::ü";
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 reinlolcement may be used as

anchorage.

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

2¿6 = 0.36dn (fy - 138) I \/l[
but shall also satisfy

aaøÞ240!!þr-

Eq. 5-7

Eq. 5-8

5.3.12.3 Basic development lengtli 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 wi¡e fabric shall be conside¡ed developed by embed-
ding at least two cross wires, with the closer one at least
50 mrn from point of critical section. However, development
length l¿ measured from point of critical section to outer-
most cross wire shall not be less than

3.25 Awfy

'*{Íi
multiplied by ArrfAro lor reinforcelnent in excess of that
required by analysis, but 1¿ shall uot be less than 150 mm
except in computing lap splices by 5 .3 .22.
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5.3.17 Splices fu reinforcement - General

5.3.require #ff:Jiåå:
cations
vided h äiïj.u' 

n'"-

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 weiding technique
and local control of conditions shall l.rave been demòn-
strated by_ tests to produce welds that have the required
mechanical and metallurgical properties.

. 5.3.17.3 Lap splices shall not be used for bars larger
thal.r 35 mm,

5.3.11 .4 Lap splices of bundled bars sliall be basecl on
the lap splice length required for individual bars of the same

spliced a splices within
not overi length oflap,
5.3.18 or teased,by 20%
undle and 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 no, i 50 rn.n.

5.3.1'l .6 Welded splices or mechanical connections satis_
fying the following conditions, may be used:

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

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

(.) A mechanical connection is defìned as a connection
which relies on mechanical interlock with the bar
deformations to develop the connection capacity. A
high strength mechanical connection shail dèvelop in
tension or compression, as required, not less than

twice that of an equal length of unspliced bar

(d) Welded splices or mechanical connections not meet_
ing the requirements of 53.1j.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. ength for lap splices of bars intensi to the development length ,Q¿
in 5. and equal to the develop..ni
lengt

5.3.18.2 Bars spliced greater than p.dl2 from another
splice shall not be consider.ed in the compîtation of c,

NZS3l0l:partl:19g2
Section 5

5.3.19 Ilelded splices or mechanicøl connections in
tension

5.3.19.1 Welded splices or mechanical connections shall
meet the requirements of 5.3.1j.6 (b) or (c) or 5.3.19.2.

. s.3.19.2 The requirements of 5,3.1j.6 (b) and (c) may
be waived when splices satiify all the foilówing iequiré_
ments:

(u) Are staggered at least 600 mm

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

(c) Can develop not less than 0.7 1,, based on the total
area of effective bars across the sdction

(d) Satisfy the change of length requirements at 03 f,,
of 5.3.17.6 (c) except that whère the level of auly
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 specifìed splice
strength.

5.3.19.4 Unspliced ba¡s cut off nea¡ the section shall
be rated only at a fraction of1,,, defined by the ratio ofthe
development length provided lo l¿ requiród to developlr.

5.3.20 Lap splices in compressrcn

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 thin
0.O73 frd6 lor f, of 415 MPa or ìess, nor (0.13/v _ 24)dh
lor.// greater than 415 MPa, nor 300 mm. Wleñ the specl_
fied.-concrete strength is less than 20 Mpa the lap length
shall be inc¡eased by one-thircl.

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

Atr 
- A6

s 1000

or where transverse reinfo¡cement as required by 6.5.4.3(c)
ha_s been provided, 0.80 of the lap iength 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 at. p..r.nt over the length of
the lap and

Atr - A6

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.

J/
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NZS310l:Partl:1982
Section 5

5.3.21 llelded splices or mechanícal corutectíons in
compression. Welded splices or mechanical

counections used in conrpression shall meet the require-
rnents of 5.3.19.

5.3.22 Splices of welded smooth wire fabric in tensiott

5.3.22.1 Lapped splices in regions where the area of
slteel,Aro, 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 50 mm, uor less

than 1.5 l¿ or 150 mm whichever is greater, where l¿ is

the developrnent length for l, as given in 5 .3. 1 3 .

5.3.22.2 Lapped splioes iti regions where the area of
steel,.4rr. 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 l.5 l¿ nor 50 mm where 2¿ is the develop-
ment lengtl-L for f, as glven in 5.3.13.

5.3.23 Splices of welded deformed wire fabric in
tension. Lapped splices shall be so made that

the overlap measuled 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
slreet shall b e not less than 1 .7 I ¿ nor 200 mm, where 1.¿ is

the development length as given in 5 .3.12.1 .

5.3.24 Development of flexurøl reinforcentent -
General

5.3.24.1 Tension reinforcentent tnay 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-

fìed.

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

(u) Required at full strength for a distance equal to the
development length 1¿ plus the effective depth of the
ttretnber, aud

(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:

(u) 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 ol tlLat required fol shear aud
torsiou is plovided along each tenninated bar or wire
ovel a distance from the terminatiot.r point equal to
three-fourths the effective depth of membeL Excess

stirrup area A, shall not be less than O.4b*sffr.
Spacing r shall not exceetl d l8B6; or

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

5.3.24.5 Adequate end anchorage shall be pLovided for
tension reinforcement in flexural members where reinforce'
ment stress is not directly proportional to tnomeut, such as:

sloped, stepped, or tapered footings; brackets, deep flexural
members; or members in which tension reinforcernent is

r.rot parallel to compressiou face.

5.3.25 Development of positive moment reinforcement

5.3.25.1 At least one-third the positive momeut rein-
forcement in simple members and one-fourth the positive
moment reinforcer¡ent in continuous members shall extend
along the same face of member into the support. In beams,

such reinfo¡cerneut sl-rall extetid into the support at least

150 mm.

5.3.25.2 When a flexural membe¡ 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 strengthl,
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-
forcelnent at points of inflection shall be limited to a dia-
meter such that 9¿ computed for f, by 5.3.7 satisfies the
following

Mt
Qa> pd - -!yu

Eq.5-11

where 1o 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.

9.o at a point of inflection shall be lirnited to the effective
deptlr. of member or 12 d6, whichever is greater.

Value of M¡lV" may be increased 30% when the ends of
reinforcement are confined by a compressive reactiou.

5.3.26 Development of negative momøTt reínforcement

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

5.3.26.2 Negative moÍnent reinforcement shall have an

embedment length into the span as required by 5.3.6 and

5.3.24.3.

    

C
op

yr
ig

ht
 S

ta
nd

ar
ds

 N
ew

 

Ze
al

an
d 

©
 T

he
 C

ro
w

n 
in

 r
ig

ht
 o

f N
ew

 Z
ea

la
nd

, a
dm

in
is

te
re

d 
by

 th
e 

N
ew

 Z
ea

la
nd

 S
ta

nd
ar

ds
 E

xe
cu

tiv
e.

 A
cc

es
s 

to
 th

is
 s

ta
nd

ar
d 

ha
s 

be
en

 s
po

ns
or

ed
 b

y 
th

e 
M

in
is

tr
y 

of
 B

us
in

es
s,

 In
no

va
tio

n,
 a

nd
 E

m
pl

oy
m

en
t u

nd
er

 c
op

yr
ig

ht
 li

ce
ns

e 
LN

00
14

98
. Y

ou
 a

re
 n

ot
 

pe
rm

itt
ed

 to
 r

ep
ro

du
ce

 o
r 

di
st

rib
ut

e 
an

y 
pa

rt
 o

f t
hi

s 
st

an
da

rd
 w

ith
ou

t p
rio

r 
w

rit
te

n 
pe

rm
is

si
on

 fr
om

 S
ta

nd
ar

ds
 N

ew
 Z

ea
la

nd
, o

n 
be

ha
lf 

of
 N

ew
 Z

ea
la

nd
 S

ta
nd

ar
ds

 E
xe

cu
tiv

e,
 u

nl
es

s 
yo

ur
 a

ct
io

ns
 a

re
 c

ov
er

ed
 b

y 
P

ar
t 3

 o
f t

he
 C

op
yr

ig
ht

 A
ct

 1
99

4.



  

5.3.26.3 At least one-third the total tension reinforce-
ment provided for negative moment at a support sl-rall have
an ernbeclment length beyond the point of inflection, accor-
ding to the appropriate bending moment envelope, for a
clistance of not less tl.ran 1.3 times the effective depth of
the member.

5.3,27 Speciol details for cohunns and piers

5.3.27.1 Where longitudinal bars are olfset, the slope of
the inclined portion of the bar with tl-re axis of the column
shall not exceed I 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 ofthe 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 lr.

5.3.21 .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 requìred herein.

5.3.21 .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 lor full yielcl
stress in telsion, or high strength welded splices or high
strength mechanical connections in accoldance with
5.3.17 .6 (b) and (c) shall be used.

5.3.27.4 Steel cores in composite columns shall be
accurateiy fìnished 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 50% of the total compressive stress in the steel
core. At the column base, provision shall be made to trans-
fer tlre load to the footing, in accordance witlt 12.3.j .

The base of the metal section shall be designed to trans-
fer the load from the entire cornposite column to tlie 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 ¡einforcement 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 ol external concrete
or internal closed ties, spirals or stirrups. .Toints shall be
subject to lational 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.

NZS3l0l:Partl:1982
Section i

5.3.29 .2 For cast-in-place construction, size of spiral or
circular l.roop bar shall not be less than 6 mm diarneter.

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
tum of spiral bar plus either a 135o stirrup hook or welding
the spiral bar on to the previous turn to develop in tension
1.6 /u or the breaking stLength ol the bar, whichever is
smallêr.

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

5.3.29 .5 Ends of circ al bar within
the length of the spiral, ct to develop
the breaking strength of may be pro-
videcl by at least a 135" s

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 longitudina I bars.

5.3.30.2 Rectangular hoop or tie reinforcernent shall
enclose al1 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 Stiryup 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 enclosecl the
longitudinal compression reinforcement in beams.

5.3.31.3 Spacing, atrangement 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

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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Section 1l

11.B.2.3 A panel is bounded by column, bearl, or wall
centre lines on all sides.

11.8.2.4 For rnonolithic or fully composite construc-
tion, a beam includes that portion of the slab on each sicle of
the lrearlr lneasu¡etl front the sirlcs of the l¡eanr extending a
distance equal to the projectlon ol the bearn above ìr
below the slab, whichever is greater, but not greater than
four tiures 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
design method.

1 I .8.3 .2 There shall be a minimum of th¡ee continuous
spans in each direction.

I I .8.3.3 Panels shall be rectangular with a ratio of
longer to shorter span within a panel not greater lha¡ 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 lO% of
the span (in direction of offset) f¡om either axis between
centre lines of successive colurnns.

11.8.3.6 All loads shall be due to gravity only and uni-
fonnly distributed over an entire panel. Live loaá 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

qt 922

oLr 2r2
(Eq. 1l-6)

shall not be less than 0.2 nor greater than 5.0.

11.8.3.8 Momènt 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.)

11.8.3,9 \Vhere a drop panel is used to reduce the
amount of negative moment reinforcernent 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 clrop 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 greater than one-qua¡ter of the distance
from edge of drop panel to edge of column or column
capital.

11.8.3.10 Variations fiorn the limitations of 11.8.3
may be considered acceptable if demonstrated by analysis
that requirements of 11.3.1 are satisfied.

1l.8.4 Slab reinforcement

11.8.4.1 ln addition 1o lhe requiretnelts of 11.4, re-
inforcernent in slabs without bealns for gravity loacling shall
cornply with the following requirements:

(Ð The minimuln bend poilt locations and extensions
for leinforcement shall be as prescribed in fig. 11.3

(b) Where adjacent spans are unequal, extension ofnega-
tive moment reinforcement beyond the face of
support as prescribed in fìg. 11.3 shall be based on
requirements of longer span

(Ð Bent bars may be used only when the depth-span
ratio permits use of bends 45o or less

(d) For slabs not braced against sidesway slab reinforce-
ment longer than shown in fig. I1.3 shall be provided
when required by analysis.

11.8.5 Total factored static ntoment for a span

11.8.5.1 The total factored static moment for a span
sliall be determined in a strip bounded laterally by the centre
line of the panel on 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

_ wu22 9.n2
(Eq. 11-7)Mo

11.8.5.3 Where the transverse span of panels or.r either
side of the centre line of supports varies,.?2 in eq. ll-7 shall
be taken as the average of adjacent transverse spans.

1 1.8.5.4 When the span adjacent and parallel to an edge
is being considered, the distance from edge to panel centie
line shall be substituted for 12 in eq. I I -7.

1l .8.6 Negative and positive factored moments

I 1.8.6.1 Negative factored lÌlolneltts shall be locatecl at
face of rectangular supports. Ci¡cular or regular polygon
shaped supports shall be treated as square supports with the
sante area.

11.8.6.2 ln an interior span, the total static momentMo
shall be distributed as follows:

Negativefactoredlnoment ......0.65
Positivefactoredmoment .......0.35
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WITH DROP PANELS

(t,
È
CD

F
I
s2

È.
t-.(n Mox. 0.12511t

Mox.0l25/

24bor dio. or 300mm M

*(t
G
(D
F
z.
t¡J
co

l'4-- d---N l*-¿

b+l l+b

150mm 75mm Mor.

bor dio. or 300mm.

CL

CE
Fg,
l¡J)oô
=

o-oF

=oFl-oct 150mm Mox. 0.l5¡z

75mm Mor. 75mm Mqx

Mox 0.1512

t<
<¡,q
co
F
=t¡J
CD

-l þc (ollbors)

150mm 75mm Mox. 75mm Mox 150mm

WITHOUT DROP PANELS

F-Cenler lo cenler spon-/ ------l
{ lnlerior supporl Èxterior support f

* Bent bors ol extsrior supporls
moy bc used if o genorol

onolysis is mode

(No slob continuily) (Continuily provided) (No slob continuity)

BAR LENGTH FROM FACE OF SUPPORT

MINIMUM LENGTH MAXIMUM LENGTH

MARK 0 b c d 0 f 0

LENGTH 0,t41" o.2oItl 02?In 0 30/^ 0.33/n o2ol^ Q24l^

Fig. 11.3 MINIMUM BEND POINT LOCATIONS AND EXTENSIONS FOR REINFORCEMENT
IN SLABS WITHOUT BEAMS

(see 5.3.25.1 for reinforcement extension into supports)
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11.8.6.3 In an end span, the total static moment M,
shall be distributed as follows:

Interio¡ negative factored moment 0.75 - 0.1?

I +-- Qec

Positive factored moment 0.63 - 
0'281

t*ü

Exterior negative factored moment jj!
lraec

where a* is computed in accordance with 11.9.4 for the
exterior column.

I1.8.6.4 Negative nlourent seotions shall be designed to
resist the larger of the two interior negative factored mo-
ments determined for spans fraruing into a colnrnon support
unlcss an analysis is nradc to clistribr"rte the unbalanced uro-
rncut in ¿rccordance with stilfness of adjoining elements.

11.8.6.5 Edge beams or eclges of slabs shall be propor-
tioned to ¡esist in torsion theit share of exterior negative
factored lnolnents.

1l .8 .7 Factored moments in coluntn strips

11.8.7.1 Column strips shall be proportioned to resist
the following portions in percent of interior negative fac-
tored mornents:

Linear interpoiations shall be made between values shown.

1L8.7.2 Column strips shall be proportiorred to resist
the following portions in percent of exterior negative fac.
tored moments:

Qz lRt

(a19.2l0y) = 0

(a1k2121) > 1.0

Linear interpolations shall be made between values shown.

11.8.1 .3 Where supports consist of columns or walls
extending for a distance equal to or greater than three-
quarters of the span length !2 used to compute Mo, tega-
tive rnonreuts shall be considered to be uniforrnly distribu-
ted across 12.

11.8.1 .4 Column strips shall be proportioned to resist
tlie following portions in percent of positive factored mo-
ments:

Linear interpolations shall be made between values shown.

11.8.7.5 For slabs with beams between supports, the
slab portiol of column strips shall be proportioned to resist
that portion of column strip moments not resisted by
beams.

11 .8.8 Factored ntoments in beants

11.8,8.1 Bearns between supports sliall be proportioned
to resist 85% of colu¡nn strip rnoutents if (a1 [2/11) is ec¡ual
to ol greater tharr 1.0.

11.8.8.2 For values of (e1 %l9r) between 1.0 and
zero, the proportion of colunln st_rip rnoments resisted by
beams shall be obtained by linear interpolation between 85
and zero percent,

11.8.8.3 In addition to lnoments calculated according
to 11.8.8.1 and 11.8.8.2, beams shall be proportioned to
resist l¡oments caused by loads applied directly on beams.

ll .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 stdps.

11.8.9.2 Each middle strip shall be proportioned to
resist the sum of the molnents assigned to its two half
rniddle strips.

I 1 .8.9.3 A middle strip adjacent to and parallel with an
edge supported by a wa-lI shall be proportioned to resist
twice the lnoment assigned to the half middle strip corres-
ponding to the fìrst row ofinterior supports.

1 1 .8 .1 0 Modification of factored moments

11.8.10.1 Negative and positive factored moments may
be modified by l0% provided the total static motnent for a
panel in the direction considered is not less than that re-
quired by eq. I l-7.

1 1 .8 .1 1 Factored shear in slab system with beams

11.8.1 l.l Beams with (a1 9.2191) equal to or greater
than 1.0 shall be proportioned to resist shear caused by
factored loads on tributary areas bounded by 45o lines
drawn from the corners of the panels and the centre lines of
the adjacent panels parallel to the long sides.

I 1 .8.1 1.2 Beams with (a1 22 lg1) less than 1 .0 rnay be
ploportioned to resist shear obtainecl by linear interpolat-
ion, assuming bearns carry no load at a = 0.

82
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I 1.8.1 1.3 In addition to shears calculated accorcling to
11.8.11.1 and 11.8.11.2 beams shail be proportioned to
resist shears caused by factored loads applied directly on
beams.

1 1 .8.1 1.4 Slab shear strength may be computed on the
assumption that load is distributed to supporting beams in
accordance with 11.8.11.1 or 11.8.11.2. Resistanceto total
shear occurring on a panel sirall be provided.

1 1.8.1 I .5 Shear strengh sliall satisfy requirements of
Section 7.

1 1.8.12 Factorecl tnoments in columns and wqlls

11.8.12.1 Columns and walls built integrally with a slab

system shall resist moments caused by factored loads on the
slab system,

11.8.12.2 At an interior support, supporting elements
above and below the slab shall resist the moment specifìed
by eq. 11-8 in direct proportion to their stiffness unless a

general analysis is made:

^n 
_O.O8f(wrt+ Q.5wQ) 2"Qr2 w',19'- Q:ù"1......(Eq. 11_8)

where wþ, 22 and gln refer to shorter span.

1 1.8.13 Provisions for effects ofpattern loadíngs

11.8.13.1 Where ratioBo of deadloacl toliveloadisless
ihan 2, one of the following conditions shall be satisfìed:

(a) Sunr of flexural stilfnesses of the coltrmns abovc and

below the slab shall be sttch that c, is not less than
o¿! snecilied in table I L2mtn. t

Table 11,2 VALUES OF a-tn.

NZS3l0l:Partl:1982
Section ll

(b) If a, for the columns above and below the slab is less
than c.¡.,., specified in table 11.2, positive factored
moments in panels supported by such colur¡ns shall
be multiplied by the coeffìcient ô, determined from
eq. 1 1-9:

ô, =,+(4314#( *) (Eq,1e)

where Bo is ratio of dead load to live load, per unit
area (in each case without load factors).

11.9 Equivalent frame method for uniformly loaded
slab systems with rectangular panels with or with-
out beams

1 1 .9.1 General

1 1 .9.1 . I Design of slab qystems by the equivalent
f¡ame 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.

1l.9 .l .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 lesis-
tance to moment and to shear.

1 1.9.1.4 Change in length of columns and slabs due to
direct stress, ancl deflections clue to shear, may be neglecteil.

11.9.1,5 Drop panels, where used, shall conform to
11.8.3.9.

1 1.9.1.6 Slab reinforcement sl.rall be in accordance with
11.9.8.

11,9,2 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 sùpports.

I1.9.2.3 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 fiame 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 conside¡ed fìxe d.

11.9.2.5 Where slab-beallrs are analysed separately, it
may be assumed in determining n.ìoment 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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,n+
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1 1.9.3 Slab-beunts

I I .9.3 , I 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 rnorrrent of inertia along axis of
slab-beallts slrall be takeu into itccouut.

I l 9.3.3 Moment of inertia of slab-beams frorn ccntre
of colunn to face of column, bracket, or capital shall be
assulned equal to the moment of inertia of the slab-beam
at face of column, bracket, or capital divided by the quan-
tity (1 - c"lÙz\Ì where c2 and .32 are measu¡ed transverse
to the direction of the span for which moments are being
determined.

11.9.4 Equivalent columns

1L9.4.1 An equivalent column shall be assumed to
consist of the actual columns above and below the the slab-
beam plus ar.r attached torsional member (see 11.9.5) tLans-
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.

11.9.4.2 Flexibility (inverse of stiffness) of an equiva-
lent column shall be taken as the sum of the flexibilities of
the actual columns above and below the slab-bealn and the
flexibility of the attached torsional lnernber as expressed by
eq. I l-10:

(Eq.11-10)

11 .9 .4.3 In computing stiffness of columns Kr,
moment of inertia of columns at any cross-section outside
of joints o¡ 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.

ll .9 .4 .5 Moment of inertia of columns shall be assumed
infìnite from top to bottom of the slab-beam at a joint.

ll.9.5 Attached torsíonal 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:

(u) A portion of slab having a width equal to that of the
column, bracket, or capital in the direction of the
span for which rnoments are being determined

(b) lior rnonolithic or fully cornposite constructiou, the
portion of slab specifìed in (a) plus that part of the
transverse beam above and below the slab

(") Transverse bearn as defined in 11.8.2.4.

1l .9.5.2 Stiffness K¡ of an attached torsional member
shall be calculated by the following expression:

whele c2 and Q2 relate to the transverse spalts on each side
of the colutnrr.

11.9.5.3 The coustaut C in eq. 11-11 may be evaluatecl
for the cross-section by dividing it into separate rectaugular
parts and carrying out the following summation:

c=Z(r-0.63rtt¿v'3

(Eq. 11-11)

lll
K;=EKr+ Kr

(Eq. l1-12)

11.9.5.4 lVhere beallrs frame into coiumns in the direc-
tion of the span for which moments are being detennined,
the value of K¡ as computed by eq. 11-10 shal1 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 Aruangement of live load

11.9.6,1 When the loading pattern is known, the equiva-
ient frame shall be analysed for 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 oflive 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-
fìned in 11 .9 .6.2, maximum positive factored moment near
midspan of a panel may be assumed to occu¡ with three-
quarters of the full factored live load on the panel and on
alternate panels; and maximum negative facto¡ed 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 rnoments shall not be taken less than
those occurring with full factored live load on all panels.

ll.9.l Factored ntoments

11.9.1 .'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 11 from centre of a column.

11 .9.1 .2 At exterior supports provided with brackets or
capitals, the critical section for negative factorecl firolìren[
in the span perpendicular to atr eclge shall be taken at a

distance from the face of supporting element not greater
than onehalf of the projection of the bracket or capital
beyond the face of the supporting element.

11.9 .7 .3 Circular or reguiar polygon shaped supports
shall be treated as square supports with the same area for
location of the critical sectiotr for negative design moment.
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1l.9.7 .4 Slab systems within limitations of I 1.9.2,
when analysed by the equivalent frame method, may have
resulting computed moments reduced in such proportion
that the absolute sum of the positive and average negative
mornents usecl in design need not exceed the value obtained
from eq. 1l-7.

LL.9.7.5 Moments at critical sections across the slab-
beam strip of each frame may be dist¡ibuted to column
strips, beams, and middle strips as provided in 11.8,7,
11.8.8 and 11,8.9.

11.9.7.6 Moments determined for the equivalent col-
umns in the frame analysis shall be used in design of the
actual columns above and below the slab-beams.

NZS3l0lrPartl:1982
Section ll

11 .9.8 Slab reinforcement

11.9,8.1 In addition to tl-re requirements of ll.4 bend
point locations and extensions for reinforcement shall be
dete¡mined from the bending moments derived from the
analysis.

11.9.8,2 In meeting the requirements of ll.9.g.l, 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
1L9.8.2, the provisions of 11.8.4 and fìg. 11.3, or of
ll .l .1 , as appropriate, may be applied.

85
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bection l2

12 FOUNDATIONS

12.1 Notation

Ag gross a¡ea of section, mm2

As area of non-prestressed reinforcement, mm2

å width of compression face of member, mm

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

diarneter of pile at footing base, mm

square root of specifìed compressive strength of con-
crete, MPa

specifìed yield strength of non-prestressetl reinforce-
ment, MPa

ratio of sl.rort side to long side of foundation

latio of non-prestressed tension reinforcement Aslbd

strzurgth reduction factor. See 4.3.1.

12.2 Scope

12.2.1 Provisions ofSection 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 tlús Section.

12,3.1 ,2 External forces and motnents resulting from
factored loads applied to foundations shall be transferred to
supporting soil without exceeding allowable soil pressures.

12.3.1.3 Fol loundations on piles, computations for
rnolllelrts and shears rnay be based on the asstrmption that
the reaction from any pile is concentrated at pile centre.

12.3.L4 The founciation system ol all structu¡es (which
cotnprises all parts of the fbundation below the superstruc-
ture aud 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, diffe¡ential settlement and torsional
effects shall be considered.

12.3.l .6 Base area of foundation or number and arrange-
ment of piles shall be determined f¡om the externai forces
and moments resulting from factored loads (transrnitted by
foundation to soil or piles) and permissible soil pressure or
permissible pile capacity selectecl through principles of soil
mechal.ìics.

12.3.2 Foundqtions supporting circular or regular
polygon shaped columns or pedestøls

12.3.2.1 Circular or reguiar polygon shaped concrete
columns or pedestals may be treated as square membe¡s
with the same area for location of critical sections for
moment, shear, and development of reinforcement in foun-
datio¡rs.

12,3.3 Moment in foundations

12.3.3.1 Extelnal moment on any section of a foundat-
ion shall be determined by passing a vertical plane through
the foundation and conrputing the moment of the forces
acting over the entire area of loundation on one side of that
vertical plane.

12.3.3.2 Maxinrum design moment for an isolated foun-
dation shall be computed as prescribed in 12.3.3.1 at criti
cal sections located as follows:

(.) 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

(.) Halfway between face ol 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-
rnent shall be dist¡ibuted as follows:

(a) Reinforcement in long direction shall be distributed
uniformly across the entire width of foundatior.r

(t ) For reiuforcement ir.r short direction, a portiotì of the
total reinft¡¡cernetrt given by eq. 12-1 shall bo distrtrb-
uted uniformly over a band width (centred on ceutre-
line of column or pedestal) equal to tl-re length of
short side ol founclation, Remainde¡ of reinforcelnent
required in short direction sliall be distributed uni-
formly outside centre band width of foundation.

Reinforcement in band widtir ^D¿Pc
(Eq. l2-1)

Total reinforcernent in short (É"* t)
direction

12.3.4 Shear in footings

12.3.4.1 Computation of shear in foundatior.rs 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, lor foundations supporting a

    

C
op

yr
ig

ht
 S

ta
nd

ar
ds

 N
ew

 

Ze
al

an
d 

©
 T

he
 C

ro
w

n 
in

 r
ig

ht
 o

f N
ew

 Z
ea

la
nd

, a
dm

in
is

te
re

d 
by

 th
e 

N
ew

 Z
ea

la
nd

 S
ta

nd
ar

ds
 E

xe
cu

tiv
e.

 A
cc

es
s 

to
 th

is
 s

ta
nd

ar
d 

ha
s 

be
en

 s
po

ns
or

ed
 b

y 
th

e 
M

in
is

tr
y 

of
 B

us
in

es
s,

 In
no

va
tio

n,
 a

nd
 E

m
pl

oy
m

en
t u

nd
er

 c
op

yr
ig

ht
 li

ce
ns

e 
LN

00
14

98
. Y

ou
 a

re
 n

ot
 

pe
rm

itt
ed

 to
 r

ep
ro

du
ce

 o
r 

di
st

rib
ut

e 
an

y 
pa

rt
 o

f t
hi

s 
st

an
da

rd
 w

ith
ou

t p
rio

r 
w

rit
te

n 
pe

rm
is

si
on

 fr
om

 S
ta

nd
ar

ds
 N

ew
 Z

ea
la

nd
, o

n 
be

ha
lf 

of
 N

ew
 Z

ea
la

nd
 S

ta
nd

ar
ds

 E
xe

cu
tiv

e,
 u

nl
es

s 
yo

ur
 a

ct
io

ns
 a

re
 c

ov
er

ed
 b

y 
P

ar
t 3

 o
f t

he
 C

op
yr

ig
ht

 A
ct

 1
99

4.



  

81

column, pedestal, or wall. For foundations supporting a

column or pedestal with steel base plates, the critical
section shall be measured from the location defìned in
12.3.3.2 (c).

12.3.4.3 Computation of sheaL on any section through
a foundation supported on piles shall be in accordance with
the following:

(a) Entire reaction from any pile whose centre ls located
dpl2 or more outsicle the section shall be collsiderecl
ab prodrrcing sheal cln tlìat section

(tt) Reaction frorn any pile whose centre is located dpl2
or nìore inside the section shall be considered as þro-
clucing 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 dpl2 outside the
section and zero value at dOl2 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 accorclance 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 defìned 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 Mintmum foundationdepth. Depth of founclation
above bottom reinforcernent shall not be less than 150 mm
for foundations on soil, nor less than 300 mm for fbunclat-
ions on piles.

12.3.7 Transfer of force at base of column or reinforced
concrete pedestal

12.3.7.1 All forces ancl moments applied at base of
column or pedestal shall be transferred to top of support-
ing pedestal or foundation by bearing st¡ess on concrete
and by reintbrcement. If the required loading conditions
include uplift, the total force shall be resisted by reinforce-
ment.

12.3.7.2 l¿teral forces shall be transferred to foundat-
ions by shear keys, or other means.

12.3.1 .3 Bearing stress or.l concrete at contact su¡face
between supporting and supported rnember shall not ex-
ceed concrete beailng strength for eitl.rer surface as given in

6.3.5.

12,3.7.4 Reinforcement slrall be provided across inter-
fàce between strpporting and suppolted member either by
extencling longitudinal bars into supporting member, or by
dowels.

NZS3l0l:Partl:1982
Section 12

12.3.7.5 Reinforcement across interface shall be suffic-
ient to satisfy both of the following:

(u) Reinforcement shall be provided to transfer all force
that exceeds concrete bearing strength in supportíng
or supported member

(b) Area of reinforcement shall not be less than 0.005
times gross atea of supported ntember, with a mini-
mum of four bars.

12.3,1 ,6 For transfer o1'force by reinforcenrent, devel-
opnretrt of reinforcement in su¡rporting uncl supported
member shall be in accordance wiLh Section 5.

12.3.8 Sloped or stepped foundations

12.3.8.1 In sloped or steppecl 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 ór stepped foundations designed as a
unit shall be constructed to assure action as a unit.

12.3.9 Combined foundøtions and mats

12.3 .9 .l Foundations supporting more than one column,
pedestal, o¡ 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 1l shall not be
used for design of combined foundations and mats.

12,3.9,3 Distribution of soil pressure under combined
founclations and mats shall be consistent with properties of
the soil and the structure and with established principles
of soil mechanics.

12.3.10 Plain conuete pedestals ønd 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. lVhere concrete bearing
stress is exceeded, ¡einforcement shall be provided and the
member designed as a reinforced concrete member.

12.3.10.2 Designideal stresses in plain concrete pedestals
and foundations on soil shall not exceed the following:

Flexure - extreme fibre stress in tension 0.30\/f;
Shear -beamaction. ....0.ntn

-two-v/ayaction. ..0.33\/f;

12.3.10.3 Plain ooncrete sl.rall not be usecl 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 systern shall be
based upon conventional metl-Lods of design.

12.4.1 .2 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.L3 For piled foundation systems the shell or
casing of a pile may be considered as providing a p¡opor-
tion of the strength of the pile. However, for steel casing
due allowance shall be macle for loss of wall thickness by
corroslon.

12.5 Principles and requirements additional to 12.3
for members designed for seismic loading

12.5.1 Designing for ductílity
12.5.1.1 The foundation design shali 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 rnernbers shall cornply with the adclitional
principles and requirentents fol niembers clesigned for
seisnlic loadings as set down in the lelevantSections of this
Code. Llowever, flexural lnernbers other than piles which
have au 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 Potentíal plastic hinge regions

12.5.2.1 The upper end of every pile shall be reinforced
as a potential plastic hinge region, except whe¡e it car 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 o¡ 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 a length of not less than either the longest
cross-section of the pile or 450 mm.

12.5.3 Reinforcement in piles

12.5.3.1 Mininlunl longitudinal reilìlorcement ruIio, p¡,
in piles shall be as follows:

(u) For piles having a gross area of section,,4.. equal to
or less tl.ran 0.5 x 106 mm2, þt shall not b-e less than
z'z lfY

(b) For piles having a cross-sectional area, Ao, equal to or
greater than 2 x 106 mm2, p¡ shall notobeless tl-ran
,.t I fy

(c) For piles having a cross-sectional area, Ao, between
0.5 x 106 mm2,and 2 x 706 mm2 , pt shalftot be less

than given by eq.12-l

^ _ 2200
Pr, min.- 

-ryrfzAs

8B

(Eq.12-1)

12.5.3.2 Maximum longitudinal reinforcement ratio, p 
r,

ín potential plastic hinge regions, shall be as specified for
colurrins in 6.5.4.2 (b), and shall be arrangecl as specified
for columns in 6.5.4.2 (c).

12.5.3.3 T¡ansverse reinlorcement in piles shall comply
with the following:

(a) In potential plastic hinge regions of piles, tlre tralrs-
verse reinibrcerneut shalÌ be as lequired for colunrns
and piers, as defìnecl in 6.5.4.3

(b) Adjacent to the potential plastic hinge regions ancl lor
a distance equal to the greatestofthree pile diarneters
or the length of the potential plastic hinge region,
transverse reinforcernent shall be as required for
columns and piers, as defìned in Section 6.5.4.3 (d)
(1)

(.) Over the remainder of the pile the centre-to-centre
spacing of transverse reinforcement shall not exceed
d, unless the piie-soil inte¡action 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 sl-rear stlerìgth olthe lnember.
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13 PRESTRESSED CONCRETE

13.1 Notation

ø depth of equivalent rectangular stress block, mm

A area of tl-rat part of the cross-section between the
flexural tension face and the centre of gravity ofthe
gross section

Ac area of concrete at the cross-section considered

Ap, area. of preslressed reinf'orcement in tension zone.
mm"

As area of non-prestressed tension reinforcement, mm2

A', area of compression reinforcement, mm2

ö width of compression face of member, mm

B tlie ratio of the reduction in resistance moment to the
numerically largest rnoment. Refer 13.3.10.1 (d)

c distance from extreme compressiorr fìbre to neutral
axls, mlTl

d distance from extrelne compression fibre to centroid
of prestressing steel, or l"o combined centroid wheu
non-prcstressing tension reinforcemeut is included,
lrm

D dead loads as clefined by NZS 4203

e base of Napierìan logarithm

E earthquake loads as defìned by NZS 4203

î¿ specifìed compressive strength of concrete, MPa

fli compressive strengtlì of coucrete 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

lz overall thickness of member, mm

K wobble friction coeffìcient perm ofprestressingsteel

Lp reduced live loads as defìned by NZS 4203

I length of prestressing steel element fiom 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

Nc tensile force in the concrete under service load

Pe design axial load in cornpression with given eccen-
tricity due to gravity ancl seisrnic loading acting on
the member simultaneously with shear stress v¡

during an earthquake

P¡ ideal axial load strength at zero eccentricity

Po axial load strength of member when the external load
is applied without eccentricity, that is, when uniform
strain exists across section

Ps prestress at jacking end

Px prestress at any point

NZS310l:Partl:1982
Section 13

U required strength il accordance with appropriate
design loadings code

a total angular change of prestressing steel profìle in
radians fromjacking end to any pointx

l.t curvaturefrictioncoeffìcient

p Aslbd
ratio of non-prestressed tension reinforcement

p' A'slbd

Pp A^slbd' ra^tio of prestressed reinforcemen t

Ó strength reduction factor. (See 4.3.1.2)

13.2 Scope

13.2.1 Provisions in tliis 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 followirrg provisions ol the Code shall not
apply to prestressed concrete unless specifìcally notetl:

Clauses 3.3.3.4, 3.3.6.2 (a), 3.3.6.2 (b), 3.3.6.2 (c),
3.4.2, 6.4.1 .2, 6.4.2,6.4.3, 6.4.6 and Section 11. A1l other
provisions of this Code shall apply.

13.3 General principles and requirements

1 3.3.1 General considerations

13.3.1.1 Membe¡s 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 considerecl. fn 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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NZS3101:Partl:1982
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13.3.L1 Reinforcement for shrinkage and temperature
stresses no¡rnal to the direction of prestress shall be pro-
vided, where appropriate, in accordance wlth 5.3.32.

13.3.2 Basic assumptions

13.3.2.1 In designing for strength, the assumptiotls p¡o-
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 assumptiot'rs:

(u) Strains vary linearly with depth through the entire
load range

(b) At any section where the permissible concrete tensile
stresses are exceeded tlie section shall be assuured to
bc <;Lacked and to have no tension capacity in aly
part of that concrete section.

13.3.2.3 For prestressed melnbe¡s i<leal axial load
strength P¡ shall not be taken greater than 0.85 or 0.80 of
the ideal axial load strength at zeÍo eccentricity Po lor
members with spiral and tie reinforcement respectively.

13.3.3 Unbonded tendons :

(u) The use of unbonded teudons 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 reinforcenìent shall be provided in accordance
with 13.3.8

(.) Design strength shall be computed in accordauce with
13.3.6.

13.3.4 Permissible stresses in steel at jacking :

(Ð Due to jacking force at any stage of the stressing
operation 0.80 lpu

or 094 fpy
whichever is the smaller, but not greater than the
maximum value recommended by the manufacturer
of the steel or ofthe anchorages

(b) Pretensioning tendons irnrnediately after transfer, or
post-tensioning tendons immediately after ancho¡-
ing. ,. o.lofpu

(c) Under service load the requirements of 13.4.1.1 (b)
shall be satisfìed,

13.3.5 .Loss of prestress

13.3.5.1 To determine the effective prestress, allow-
ance for the following sources of loss of prestress shall be
conside¡ed:

(a) Anchorage seating
(b) Elastic shortening of concrete

90

(.) Creep of concrete
(d) Shrinkage ofconcrete
(r) Relaxation of steel stress
(Ð Frictional loss due to intended or uniltended curva-

ture in the tendons..

13.3.5.2 Friction losses in post-tensioned steei shall be
based on experimentally determined wobble and curvature
coefficients, and shall be verified during stressing opelat-
ions. The values of coeffìcients assumed for design, and the
acceptable ranges of jacking forces and steel elongations,
shall be defined. These friction losses shall be calculated as

folIows:

D _ D ^- (Ke+ pa)rx - tsÉ (Eq. 13-1)

Wlren (rKl+ ¡.r@) is not gr.eater than 0.3, eq. 13-2 r.nay be
used:

13.3.5.3 When prestress in a lneruber may be reduced
through its conneotion with acljoining elemeuts, such reduc-
tion sl-rall be allowecl for in the design.

13.3.6 Flexural strength

13.3.6.1 Flexural strength of mernbers shall be com-
puted by the strength design methods given in this Code.
For prestressing steel, /o, shall be substituted for/r. ln lieu
of a more precise deteimination 01 fns, and províded that
/r, is not_ less than 0.5 fpu,the fóilowing approxirnate
values shall be used:

(a) Bonded prestressing steel

, -- 
"'x - (t + KP.+ tto¿)

Íps = îpu (l - o'5 ,uT,
(b) Unbonded prestressing steel

fps = fsr+ loo

(llq. 13-2)

(Eq. 13-3)

(Eq. 13-a)

13.3.6.2 Non-prestressed reinforcernent, when used in
combination with prestressed steel, may be considered to
contribute to the tensile force in a member at design load
momerlt, a force equal to its area times its yield stress.

13.3.7 Size and number of prestressing tendons

13.3.l .I The maximurn nur¡bet and size of prestressing
terídons shall be governed by strain compatibility calculat-
ions performed in accordance with the assumptions listed in
6.3.r.

13.3.1 .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
strength of materials. In the absence of special studies, it
may be assumed that the nraxilnutn concrete tensile stress
prior to cracking is 1.0 flprovided allowance is lnatle for
a variation of lOTo in the calculated level of prestress at tl.re
section under cousitlelatiolr.
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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 defìned as solid

siabs of uniform thickness, the minirnum amount of bonded

reinforcemenl, Ar, in members containing unbondecl pre-

stressing tendons shall be:

As = 0'0044 (Eq. 13-s)

The bonded reinforcement shall be uniforrnly distribu-
ted over the pre-compressed tension zone as close as prac-

ticable to the extreme tension fìbre. 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 lniuitrlunr amoutrt and distribution
of bondecl reinforcement,.4, shall be as follows:

(u) Bonded reinforcement shall not be required in posi-

tive moment areas where the concrete tensile stress at

service load, after ail prestress losses, does not exceed

0.17 \ff;

(b) In positive moment areas, where the concrete te,nsile

stress at service load is greater than 0'1? t/¡i tt"te

minimum area of bonded reinforcement, '4r shall be

NZS3101:Partl: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 lengtl-r of this

reinforcement shall also conform to the provisions of
Section 5.

13.3.9 End regions

13.3.9.1 Reinforcements shall be provided when required

in the anchorage zolìe to resist bursting, horizontal splitting,
and spalling forces induced by the tendon anchorages.

Regions of abrupt change in section shall be adequately

¡einforced.

13.3.9.2 End blocks shall be provided wh.en 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

leasl 95% of the guaranteed ultimate tensile strength of the

tendons, or the calculated tensile force whichever is the

greater with a value of @ = 6.n0.

13.3.10 Redistribution of desigtt 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) Equilibrir.rm between the internal forces and the

external loads shall be maintained uncler each approp-

riate combination of clesign loads

(b) The design strengtb after redistribulion provided at

any sectiou of a menrbet' shall be not lcss than 80% of
the mornent for tl.rat section obtainetl frot¡ an elastic

moments envelope covering all appropriate combinat-
ions of design loacls

(c) The elastic moment at any section in a member due

to a particrtlar combination of design loads shall not
be reduced by more lhan 2O% of the numerically
largest moment given anywhere by the elastic mo-
ments envelope for that particular member, covering
a1l appropriate combinations of design load

(d) 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-
slon zone,

c((0.5 -B)d (Eq. 13-8)

where -B is the ratio of the recluction in resistance
moment to the numerically largest mornent 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.

91

N^
Á=c"s ,,s fl
ancl l', shall not exceecl 410 MPa. The bonded rein-

forceínent shall be uniformly distributed over the pre-

compressecl tension zotle as close as practicable to the

extreme tension fibre

(.) In negative mouretlt areas at colulnu sttpports, the

nrininrum area of bonded reinforcement, -4r, itl each

direction shall be

(Eq. 13-6)

1s = 0'00075 ft/ (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 diôtributed
within a slab width between lines that are 1.5 /¡ 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 reinforcetnent required by 13.3.8'1

and 13.3.8.2 shall have minimum lengths as follows:

(u) Negative moment areas: Suffìcient 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
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13.3.11 Sltear strength. T'he recluirements of 7.3.3
shall be satisfìecl.

13.4 Principles and requirements additional to 13.3 for
lnembers not designed for seismic loading

13.4.1 Serviceability

13,4.1 .1 General. In general the requirernent for ade-
quate performance under seryice load will be achieved
either by designing on the basis of the homogeneous or
unc¡acked section or by performing an analysis based on
the cracked section in accordance with 13.3.2:

(Ð \{hen the section is analysed on the basis of the un-
cracked (that is, homogeneous) section the flexural
concrete stresses shall be not more thal appropriate
values in table 13.1

(b) Wren the section is analysecl on the basis of the
crâcked sectiotr in accordance with the principles of
13.3.2 bonded steel (whether non-prestressed òr pre-
stressing steel) rnust be present. For this case the
compressive stresses in the conc¡ete and the range of
stress (that is the total maximum variation from ðom-
pression to tension for non-prestressed steel ancl 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-
siou in the prestressing steel at transfer and in the
final service condition after all design losses shall not
exceed 0.70fpu.

(.) The exception for which the stress limits of table

j.1. U" not apply and special srudies are mandatory

(l) Two way slab systern
(2) Structures that a¡e located in an aggressive

environment.

13 .4 ,l .2 Crack widtlrc. The clack width lirnits of 4 .4.2
shall be satisfìed. The spacing of tenclons or a combination
of tendons and non-prestressed reinforcing shall not exceed
the rnaxirnum spacing allowed for ¡einforcing bars in 5.3.5.

13.4.1 .3 Deflectiorts. The deflection linrits of the

13.4.1 .4 Frequently repetitive loads. For members
subject ads the possibility ofinclined forming 

-under 
lãsser

stresses t I be taken into account
in the design.

13.4.1.5 Prestress variation. ln all cases where cur.va_
ture occurs in post-tensioning tendons allowauce sliall be
rnade for variation of the tendon force at any point of x57
from the calculated va.lues.

13.4.2 Slab systetns. Prestresscd slab systenrs rcinforced
for flcxure in nrore than o¡te directjon shall be analysecl ancl
designed by a method which will account for column stiff-
nesses) rigidity of slab-colurnn conneçtion, and for thc
effect of prestressing iu accorclauce witii 13.3.1. Approxi-
mate lnolnent coefficients developed for reinforced con_
crete slab design are not applicable.

13.4.3 Cotn¡tression metnbers - Contbined axiøl loar)
and bending

13.4.3.1 Members with average prestress of 1.5 Mpa or
higher shall be subject to the othe¡ 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 defìned as the total effective prestress
fo¡ce divided by the gross area ofthe concrete.

13 .4.3 .2 Combined axial load and bending. prest¡essecl
concrete members under coulbined axial load and bencling,
with or without uon-prestressed reinforcetncnt, shall be
proportioned by the strength design ntethod given in this
Code fo¡ mernbers without prestressing. The eifects of pre-
stress, shrinkage, and creep shall also be included and wlier.e
appropriate serviceability shall be verifìed. 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 reínforcemenf. Except for walls,
all prestressing steel shall be enclosed by transverse rein_
fo¡cement conforming to 6.4.7 .l ot 6.A.7 .2. Transverse
reinforcement shall be located at not mo¡e than one_half a
spacing above the floor or looting 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 reinlorcement in such beams o¡
brackets.

13,5 Principles and requiremeuts adclitio¡ral to l3.3for
prestressed lnembers designed for seistnic loading

13.5,1 General. This Section covers the design of pre-
stressecl and partially prestressed concrete members of duc_
tile nrollrent resisting fralnes ancl joints between such
tnerlbers.

13.5.2 Concrete:

(a) f shall ltot exccecl 55 Mpa unless special transverse
¡einforceuent in acco¡dance 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
1 3.5.5 .3 .
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13.5 .3 Design of bearns

13.5.3.1 Dimensions of prestressed bealns shall be in
aocordance with the provisions of 6.5.2.

13.5,3.2 Providecl the limits to flextrial 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

alh 40.2 (Eq. 13:9)

unless special transverse reinforcement is provided in accor-
dance with 6.5.4.3, in which case

NZS3101:Partl:1982
Section 13

DESIGNED ON TIIE BASIS

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 (e) (t) to (4) inclusive. In all
cases at least 7 SVo of the tensile force capacity in each face,
provicling fhe required flexural capacity, shall be provided
by steel passing through, or anchored in, the coh¡mn core.
When longitudinal steel is governed by the load combination
U = 1.4D + l.7Lp, then only 15% of the tensile force
capacity required for the load combinatlon U = D + l.3Z¡
+ 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 irot 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.

93

Table 13.1 PERMISSIßLE CONCRETE STRESSES IF SICTION
THAT IT IS UNCRACKED

Stresses in MPa

Table 13.2 PERMISSIBLE CONCRETE COMPRESSIVE STRESSES AND STEEL STRESS RANGE
FOR CRACKED SECTION DESIGN

Stresses in MPa

Stress case

Load category

I
Immediately after

transfer before tíme
dependent losses

II
Petmanent loads plus
variable loads of long

duration, or permanent
loads plus frequently

repetitive loads

ilI
Specifred service loads

for buildings where
load category II does

not apply

IV
Permanent loads plus

infrequent c ombinationt
of transient loads

Cornpression o.e Íl¡ o.q fl 0.4s 1¿ O.ss /¿

Tension across
construction joints zero zeto zef0 zer0

Tension in
monolithic concrete

o.s 
'/ fl¡

zeÎ0 0.s 
'/ f; 0.s \/ f¿

Stress case

Load category

I
Immediately after
ffonsfer before time
dependent losses

II
Permanent loads plus
variable loads of long

duration, or permanent
loads plus frequently

repetitive loads

Iil
Specified service loads

for buildings where
load category II does

not apply

U
Permønent loøds plus

infre quent c ombinations
of transient loads

Compression 0.6 f/¡ 0.4 r; o.4s f¿ 0.5s4

Steel stress
range

200 100 200 200

alh 40.3 (Eq. l3J0)
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NZS3l0l:Partl:1982
Section 13

13.5.4 Design of columns

13.5.4.1 Design of prestessed columns in mornent
resisting frames shall be subject to the provisions of 6.5.1
and 6.5.2 and to the additional requirements of 13.5.4.2,
13.5.4.3, and I 3,5.4.4.

13.5.4.2 The flexural strength of a column section shall
be greater than the maximum likely colurnn 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 tl-re rnaxirnum anticipated
flexural demand.

13.5.4.3 Special transverse reinforcement in acco¡dance
with 6.5.4.3 shall be provided

13.5.4.4 Longitudinal prestressed or non-prestressed
steel in potential plastic hinge regions shall not be spaced
further apart between centrcs than one-third of tlie length
of the section dilnension 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 .

I 3 .5 .4.5 Shear sffength 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 froln potential plastic hinge
regions, P, nay include the prestress force, after losses, of
all tendons at the critical section.

94

13,5.5 Joints in prestressed frames

13.5.5.1 Anchorages for post-tensior.red tendons sliall
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 shatl be
placed at the face of the columns so that at least one
tendon is centred at not more thar 150 rnm fiom 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-prestressecl reinforcentent provicles at least
80% o1 the design resisting tnoment for earthquake plus
gravity load combinations, prestress rnay be provided by
one or more tendons passing through the joint core alld
located within the middle third of the beam depth, at the
face of the column. In such cases post-tensioned tendons
rnay be ungrouted, provided anchorages are detailed to
ensure that anchorage failure, or cable de-tensioning,
cannot occur under seismic loads.

13.5.5.4 Ducts for post-tensionecl grouted tendons
through beam-colulnn joints shall be corrugated, or shall
provide equivalent bond characte ristics.

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
colnpressive 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
accorclance with the provisions of 9.5.
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14 SEISMIC REQI.JIREMENTS FOR STRUCTURES OF

LIMITED DUCTILITY

14.1 Notation

Ag gross area of sectiotr, mm2

AË gross area of cotrc¡ete located between the compressive- 
ãagt of the section and a line 0.2 h rhereftom, mm2

A\ area o f all longitudinal reinforcement within .4f , mm2

Ash total effective area of hoop bars ancl sttpplemeutary
cross-ties in direction under consideration within the

spacing, s¿, ntmz

ti earthquake loatl specified in NZS 4203 or other ap'

propriate Ioadings code

specified compressive strength of concrete, MPa

square root of specified compressive strength of
concrete, MPa

fv specified yield strength of non-prestressed reinfoLce-- r¡ent, MPa

fvh specified yield strength of hoop or supplementary
' cross-tie reinforcement, MPa

ft overall depth of member, mm

m fyl\.8sfl

Me moment resulting from loading combination U,

involving earthquake loads, N mm

Më Mrrefened to mid-depth of the section, N mm

M"n moment associated with .8, N mm

M¡ ideal flexural strength, N mm

Pe design axial load, due to loading [/, involvit.rg earth-
quake loads, N

Rc reduction factor f or confinement

sh spacing of hoops or supplementary cross-tie reinforce-
ment sets, mm

S structural type factor, specified in NZS 4203 and in
t4.4.1

U design load combination specified in NZS 4203 ot
other appropriate loadings code

For Mr, Må, V, and Ps, the combinations are those
involving earthquake loads

vc ideal shear stress provided by the concrete, MPa

Ve shear force resulting from loading combination U,
involving earthquake loads, N

V"q shear force associated with 4 N

V¡ ideal sirear strength, N

"y strength pararneter used fot' confinement criteria

p* ratio of all longitudinal reinforcement within ,4Ë,

equal to AilAË

þ strength reduction factor

14.2 Scope

14.2,1 Section 14 covers the design and detailing re'
quirernents for mernbers in structures of limited cluctility
subjectecl to earthquake indttced loading.

NZS3101:Partl:1982
Section 14

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 specifìed
in NZS 4203 or equivalent procedures specified in other
appropriate loadin gs code.

14.2,3 Structures designed by the elastic response

clesign procedure specifìed in NZS 4203 ot equivalent
procedures specified in other appropriate loadings code

need not comply with the reqrtirements of this Section.

14.3 lnterpretation

14.3.1 General. Except as otherwise providecl in this
Section, tl're "General principles and requiremetrts" ancl the

"Additional principles and requirernents for members not
designed for seismic loading" specified in other Sections of
this Code apply to members clesigned to the provisions of
this Sectìon, but the "Additional principles and require-
ments for members designed for seismic loading" specified
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 Alternative design and detailing

14.3.3.1 Notwithstanding the provisions for design and

detailing specifìed 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

detaiting 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 strttctures of limited ductility as

covered by this Section, then the detailing reqrtirements for
reinforcement specifìed 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 Structurøl type factors

14.4.1 .l 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 structttres of linited ductility, to that
specifiecl for fully ductile structures.

14.4.1,3 For bridges, the intent of 14.4.1.2 shall be
deemecl to be met il the loaclings used in design are clerived

frour lateral force coefficients consistent with an assumed
displacement ductility factor of three or less.
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NZS3l0l:Partl:1982
Section 14

14.4.1.4 In buildings of ¡nore than four storeys measured
to the uppermost principal concrete floor or roof :

G) 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 nìanner
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:

(.) The residual structu¡e shall be designed to resist the
enti¡e lateral seismic load;

(b) Interpolation, as required in 14.4.1 .4 (b), may be
applied to each resulting wall separately;and

(Ð Elements so excluded shall be designed as secondary
elernents in accordance with 3.5.14.

14.4.2 Required strengths

14.4.2.1 Shear strengths provided shall have a suitable
margin ovel required flexural strengths, as derived from the
structulal type factor used for lÌexural design in end regions,
such that

óv¡Þ ve+ (3 - D ve(t . (Eq.1a-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-
ruated end regions shall be such that

ôM¡Þ Me* { 

"3 

- l)Meq

14.5.1.1 Regions of potential llexural hinging, the enrl
regions, shall be identilied by the designer and suitably
designed and detailed to the provisions of this Section.

14.5.1 .2 Beyoud the designated end regions, the adclit-
ional seismic requirements of this Section, with respect to
detailing only, need not be cornplied with.

14.5.2 Extettt 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 sl-rall be
assumed to be the full length of the member.

14.5.2.2 For each member in which the provisions of
14.4.2.2 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
acco¡dance with 3.5.14 and 14.4.I.5, the height of
the end region, measured from the base of thõ wail,
shall be assumetl to be equal to the greater of the
ho¡izontal length of the wall or one-sixth of the
height of the wall

(b) For columns, the height of the end region, measured
frotn the face of intersecting bearns, shall be assurned
to be equal to the overall depth of the column

(.) lìo¡ columns cornplying with the provisions for walls
in (a), the height of th.e encl region may be assumecl
to be as specified for walls in (a)

(d) For bearns, the length of the end region, measured
from the face of the intersecting columns, shall be
assumed to be equal to tl're overall depth of the beam

(e) 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 climension 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
tenns of 14.3.

14.6.1 .2 Within the end region, the requirements of
14.6.2 apply.

14.6.L3 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 7, calculated in accorda¡ce
with eq. l4-3, exceeds 1.0, members with a single layer of
reínfotcement shall not be used, and that part of the
member cross-section defined by AË shall be confined ín

(Eq. ta-2)

14.4.2.3 Where ¡edist¡ibution 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
eithe¡:

(a) Those resulting fiom 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 &pacity design ønd design for concurrency.
Except as specifically required by 14.3.3 in meeting the
alternative requitements 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 .l Designation of end regians

    

C
op

yr
ig

ht
 S

ta
nd

ar
ds

 N
ew

 

Ze
al

an
d 

©
 T

he
 C

ro
w

n 
in

 r
ig

ht
 o

f N
ew

 Z
ea

la
nd

, a
dm

in
is

te
re

d 
by

 th
e 

N
ew

 Z
ea

la
nd

 S
ta

nd
ar

ds
 E

xe
cu

tiv
e.

 A
cc

es
s 

to
 th

is
 s

ta
nd

ar
d 

ha
s 

be
en

 s
po

ns
or

ed
 b

y 
th

e 
M

in
is

tr
y 

of
 B

us
in

es
s,

 In
no

va
tio

n,
 a

nd
 E

m
pl

oy
m

en
t u

nd
er

 c
op

yr
ig

ht
 li

ce
ns

e 
LN

00
14

98
. Y

ou
 a

re
 n

ot
 

pe
rm

itt
ed

 to
 r

ep
ro

du
ce

 o
r 

di
st

rib
ut

e 
an

y 
pa

rt
 o

f t
hi

s 
st

an
da

rd
 w

ith
ou

t p
rio

r 
w

rit
te

n 
pe

rm
is

si
on

 fr
om

 S
ta

nd
ar

ds
 N

ew
 Z

ea
la

nd
, o

n 
be

ha
lf 

of
 N

ew
 Z

ea
la

nd
 S

ta
nd

ar
ds

 E
xe

cu
tiv

e,
 u

nl
es

s 
yo

ur
 a

ct
io

ns
 a

re
 c

ov
er

ed
 b

y 
P

ar
t 3

 o
f t

he
 C

op
yr

ig
ht

 A
ct

 1
99

4.



  

accordance v,/ith 14.6.2.2 and 14.6.2.3. ln uo case shdl T
exceed 3.0

Mþ+ 0.3Peh,=ffi (Eq'1a-3)

14.6.2,2 Where I exceeds 1.0, the area of trausverse
reinforcement,Ash, shall be at least tl'rat given by

A sh = R 
" 

(0.02 s¡hfllfrn)

where R" is given by

o (R" = I=JF^-tl

. (Eq. la-a)

. (Eq. 1a-s)

in wl-riclr p*m shall be such that R" is equai to or less than
1.0.

14.6.2.3 The reinforcemenl Ao¡ shall consist of hoops
or supplementary cross-ties or both arranged as specifìed
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 AI shall not
exceecl ten times the diameter of such longituTinal rein-
forcement.

1 4.6.3 Lt t eral ty ing o J' lo ngit udinal r e info r c e m ent

14,6,3.1 Notwithstanding that ¡f, as computed from
eq. 14-3 is less than unity, all longitudinal reinforcement
within ,4f in the end region shall be tied as required by
14.6.2.3 ãxcept 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 3lfr.

14.6.4 Longítudinal reinforcement in the end regions of
wølls

14.6.4.1 The ratio of longitudinal reinforcement over
any part of the cross-section shall be not less than0.7 lfr,
nor more than 16lfr.

14.6.4.2 The diameter of bars used shall not exceed
one-eighth of the wall thickness at the bar locality.

14.7 Design for shear

14.7,1 Design strength. The shear strength provided
throughout the structure, including joints and loundations,
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, vc may be assumed to
be one-half that specified in 1.3.2 or 7.3.14 as approp-
riate, but need not be assumed to be less than

NZS310l:Partl:1982
Section l4

I4.'1.2.2 Beyond the end region the slìeil stress plo-
vided by the concrete, vc,may be assumed as that specified
in7.3.2 o'r 7.3.74, as appropriate.

14.'7 .3 Shear reinforcement within the end region

14.1 .3.1 The maximun spacing of shear reinforcement
within the end regions shall not exceecl one-quarter of the

effective clepth of the member.

14.l .3.2 l¿teral 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 /¿, the wall sl-rall

be designed as a colnmn, but otherwise may be designed as

a slab,

14.8,3 Where the requirernents lor columns apply, in
accordance with 14.8,2, or where tl-re applied shear stress
exceeds the value of u" specifìed in 14.'l .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 t¡ansverse reinforcement in the end
region, as specifìed in la 4.2 and 14.6.3, need notbe com-
plied with.

14.8.5 In all cases the provisions for longitudinal rein-
forcement specifìed 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 I diophragms

14.9 .1 .l Type I 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.

14.9.1 .2 Type 1 diaphragms shall be clesigned for a

shear strength satislying 14.4.2.1 .

14.9.1 .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.

9'7

v, = o.4l (Pl+) (Eq. 1a-6)
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14.9.2 Type 2 diaphragm,r Type 2 diaphragms are
those required to transfer horizontal seismic shear forces
f¡om one veftical primary lateral load resisting elelnent to
another. They shall be designed for loaclings cousistent with
the elastic reponse design procedúre. In this case the pro-
visions for walls specified in this Section need not be
applied.

14.9 .3 General requirentents

14.9.3.1 These general requirements apply to type I
and type 2 diaphragrns.

14.9.3.2 The loadfurg on a diaphragm shall not be less
than that corresponding to the seismic design coefficients
specilìed in NZS 4203 lor parts and portions of buildirrgs.

14.9,3.3 Diaphragms shall be r.einfor-ced in bolh clirec-
tions as two-way slabs, satisfying the requirenrents of
5.3,32.

14.9.3.4 Where joints across diaphragms are provided,
only the effeotive area over which interface shear transfer,
irr acco¡dance with 1 .3.11, can occur, shall be consider.ed.

14.9.3.5 Where plecast elements are used for floo¡ con-
struction, cast-in-place reinforced concrete topping, at least
50 mm thick, may be used to transfer seismic shear forces
tluough diaphragm action, provided that:

G) 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
tlre cast in situ toppng to the surface of the preóæt
elernents, as required by 8.4.1.4 f'or composite nlem-
bers, is assurecl

(r) Composite action fo¡ 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
satisfìed and the shear stress due to diaphragm shear
transfer by the topping alone exceeds 0.3 y'f oi
when the surface of the precast element is not speiifi-
cally prepared for proper bonding:

(1) Ties with an effective area of 40 mm2 per m2
of floo¡ area, or equivalent connectors, shall
connect the topping to the precast element

(2) Spacing of connectors shail not exceed
1500 mm, and the tributary area of topping
reliant on each connecto¡ shall not exceed
2.25 m2

(3) Cornectors shall engage horizontal ¡einforce-
ment, or shall be otherwise effectively an-
cho¡ed into both the topping and the precast
elements.

14.10 Special requirements for bridges

l4.1o.l Form. The designer shall choose a st¡uctural
forrn with as predictable behaviour as is leasible.

14.10.2 Foundatíons. 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 menrbers shall be designed with a suit.
able nrargin of strength over the forces corresponcling to
yield of the superstructule.

14.10.3 Metnbers resisting forces lront bearings

14.10.3.1 The clepeudable flexural and sirear stretrgth of
members resisting the shear forces from sliding bearings
shall have a suitable margin over the forces coLresponding
to the maximum likely coelfìcient of friction. Adequate
account sirall be taken of any aclditional rnomenls which
may be induced.in the member as a result ol earthquake
actions along both major axes of tl-re 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 forthe design loadings.

14.10.4 Displacements

14,10.4.1 At points where relative movenlents between
stluctural cornponents are possible during earthquake
response, such as at deck lnovelnent joints, clea¡ances shall
be provided of size not less than the relative dellection
derived from the elastic analysis for the design loading.

14.10.4.2 Wrere 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 sfrall be provided
between adjacent sections of superstructure at supports and
hinges, and between supelstructures 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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Section 15

15 STRENGTH EVALUATION OF
Ð(STING STRUCTURES

15.1 Notation

D dead loads, or their related internal moments and forces

ft overall thickness of member, mrn

l¡ span of membe¡ 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, mrn

I design live loads, including impact where appropriate, or
their related internal moments and forces

I¡ redr-rced live loads as defìnecl by NZS 4203; or their
related internal nìonleuts and forces

ô rnaximuur deflection under test load of a lnember rela-
tive to a line joining the ends of the span, or of the free
end of a cantilever relative to its support, rnm.

15.2 Strength evaluation - General

15.2.1 If doubt develops concerning the safety of a
structure or member, or if information is required about
tlre load capacily of a structure in service for purposes of
fìxing load limits, the Engineer may order a structural
strength investigation by analysis or by means ofload tests,
or by a combination of analyses and load tests.

15.3 Analytical investigations

15,3.1 Field investigation. If the strength evaluation is
by analysis, a thorough fìeld investigation shall be made of
the dimensions and details of the lnembers, properties of
the materials, and other pertinent conditiotrs of the struc-
ture as actually built.

15 .3 .2 Requirements oJ' Code to be met. The analyses
based on the investigation required by 15.3.1 sl-rall satisfy
the Engineer that the load factors or permissible stresses
and design loads meet the requirements and intent of this
Code or other requirer¡ents specifìed by the highway
authority. See also 15.6.

15.4 Load tests

1 5 .4.1 General

15.4.1 .1 If the strength evaluation is by load tests, a
qualified engineer acceptable to the Engineer shall super-
vise such tests.

15.4.1.2 Critical components shall be identified by
analysis prior to testing. Analysis shall include, in particu-
lar, a check on shear strength of melnbers.

15.4.1.3 A load test shall not be made until every por-
tion ofthe structure to be subject to load is at least 56 days
old, except that when the owne¡ of the structure, the con-
tractor, and all involved parties mutually agree, the test
may be rnade at an earlier age.

15.4.1 .4 When only a poftion 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 alreacly acting shall be applied and
shall remain in place until all testing has been completed.

15 ,4.2 Load tests of flexural members in buikÌings

15.4.2.1 When flexural rnembers in buildings, including
beanrs and slabs, are load tested, the additional provisions
of \5.4.2 shall apply.

15.4.2.2 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 0.Cn + l.7Lp).

15.4.2.4 The test load shall be applied in not less than
four approximately equal increments without shock to the
structure and in such a lnanner 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 cleflection reaclings shall be taken.

15.4.2.6 The test load shall be removed immediately
after the initial deflection readings have been taken and the
fìnal deflection readings shall be taken twenty-four hours
after the removal of the test load.

15,4.2.'l If 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
sha1l be taken as indication ofsatisfactory behaviour:

(Ð The measured maximum deflection ô of a beam, floor
or roof is less than lt2 120,000h, or

(b) The deflection reÇovery within twenty-four hours
after removal of the test load is at least 75% of the
maximum deflection.

15.4.2.9 In 15.4.2.8 (a) /¡ 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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15 .4.3 Load tests of tlexural tnentbers of bridges

15.4.3.1 When flexural rlrenlbers of bridgcs, including
beaurs aud slabs, are load testcd, thc adclitional provisions
of 15.4.3 shall apply.

15.4.3.2 Base readiugs (daturn for deflection measure-
ments) shall be ntacle intrnediately 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 to D + 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 Ínanner 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.

15.4.3.6 The test load shall be removed irnrnediately
after the initial deflection readings have been taken and the
fìnal deflection readings shall be taken within one hour of
the removal of the whole of the test load.

15.4.3.7 If the poltion 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 st¡ucture tested shows no
visible evidence of failure, and the following conditions are

all satisfìed, the structure shall be considered satisfactory:

(a) The rnaximum flexural crack widths at the peak test
load do not exceed 1.5 times the appropriate 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 straigl-rt part of the load/deflection
l're to the rnaxiururn load

(.) The deflection recovery within one hour after relnoval
of the total load is at least l57o of the deflection
under the ulaximurn test load.

15.4.4 Retesting of flexural ntentbers

15 .4.4 ,l Non-prestressed concrete construc tion failing
to slrow 75% rccovery of deflection as required by eilher
15.4.2.8 (b) or 15.4.3.8 (c) as applicable may be retested
not earlie¡ than '72 h after removal of the fìrst 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 const¡uction 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 tlmn 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 investigatiotr does not
satisfy the conditions or criteria of 15.3.2, 15.4.2.8 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

15.1 .l Load tests shall be conducted in such a rn¿ulner
as to provide for safety oflife and structure during the test.

15.7.2 No safety lneasures shall interfere with load
test procedures or affect results.
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a

A

APPENDIX A

NOTATION

ø depth of equivalent rectangular stress block (see 6'3'1'7), rnm - Sectìon 6 and 13

¿ shear span, distance between concentrated load and face of support or as deñned in
'7 .3.12.3 - Section 7

larger side of rectangular contact area - Section I I

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, mm2 - Section 4

area of that part of the cross-section between the flexural tension face and the

centre of gravity of the gross section - Section 1 3

area of an individual bar, mm2 - Section 5

sum of area of individual bars, mm2 - Section l0

sum of area of longitudinal bars, mm2 - Section 6

area of concrete core of section measured to outside of peripheral spiral or hoop,

mm2 - Section 6

area ofconcrete 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, miasured to outside of peripheral hoop legs, Inm2 -
Section 10

A

A6

2Au

2Aø

Ac

Ac

Ai

Aro area enclosed by perimeter of section, mm2 (see '7 .3.1) - Section 7

Act area of reinforcement to resist a tensile force in corbels, mm2 - Section 7

Af area of flexural tension reinforcement required in corbels, mm' - Section 7

Ag gross ârea of section, mm2 - Sections 4,5,6,'7,9,10,12,14,and Appendix B

Al gross area of concrete section extending over outer half of the neutral axis depth
" wl'tich is subjected to compression, mm2 - Section 10

At gl'oss area of concrete located between the compressive edge of the section and a
" iin. 0.2 h therefrom, mm2 - Section 14

A¡ area of sl.rear reinforcement in brackets ancl corbels parallel to flexural tension" 
reinforcement, mm2 - Section 7

Ail, total area of eflective horizontal joint shear feinfofcement, nltn2 - Section 9

Ai, total area of effective vertical joint shear reinforcement, mm2 - Section 9

A¡ total area of longitudinal reinfotcetnent to resist torsion, mm2 - Section 7

Ao area ençlosed by the line connecting the centres of the longitudinal ba¡s in the
corners of the closed stirrups, mm2 (see 1 .3.7) - Section 7

Ap, area of prestressed reinforcement in tension zone, mm2 - Sections 7 and 13

As area of non-prestressed tension reinforcement, mmz-sections 4,6,J,9,12 and l3
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As area of longitudinal wall reiuforcement spaced horizontally at sr, rnmz -section 10

A', area of compression reinforcement, mm2 - Sectiol.rs 4,6 and 13

A', area of non-prestressed compression beam reinforcement, mm2 - Section 9

A\ area of longitudinar reinforcement within,4 p, mrn2 - section 14

Art area of non'presttessed tertsion reinforcement in one face of the column section,
mm' - Section 9

A't, area of noll-plestressecl conrpression reinforcemerrt in one face of the colum¡
section, mm' - Section 9

Ash total effective area of hoop bars and supplementary cross-ties in clirection under
consideration within spacing s¿, mm2 - Sections 6, 10 and 14

Arp area of flexural reinforcement provided, mm2 * Section 5

A* area of required flexural reinforcement, mm2 - Section 5

Ast total area of longitudinal reinforcement (bars or steel shapes), mm2 - section 6

At area of bar forrned into spiral reinforcement,mm2 - Section 5

At area of structural steel shape, pipe or tubing in a composite sectior, mm' - section
6

4 area of one leg of a closed stirrup resisting torsion within a distance s, mm2 -Section 7

At" areaof onelegof astirrup-tie,mm2 -sections6and 10

At, smaller of a¡ea of transverse reinforcement within a spacing s crossing plane of split-
ting norn'ral to concrete surface containing extreme tension fibres, or total areã of
transverse reinforcement normal to the layer of bars within a spacing s divided by n,
mm2 if longitudinal bars are enclosecl within spiral reinforðenlen"t, A¡, ntr¡í 

-'

Section 5

Av area ol'shear reinlbrcer¡reut within a distance s, mn12 - Sectiolr 5

Av area of shear reinforoement within a distances, or area of shear reinforcernent,
perpendiculal to flexu¡al tettsion reinfo¡cenrent within a distance s for cleep beams,
nrm2 - Section 7 and Appendix B

Arf area of shear friction reiuforcement, mm2 - Section 7

Avh area^of shear reinforcemeltt parallel to flexural reinforcenrent within a clistance s2,
mm' - Section 7

Aw area of an individual wire to be developed. or spliced, mm2 - Sectiot 5

Ar loaded aÍea,mm2 - Section 6 and Appendix B

A2 maimum area of the portion of the supporting surface that is geometrically
similar to and concent¡ic with the loaded area, mm2 - section 6 and Appendix Íì

ó width of compression face of member - Sections 6,J ,12,13 and Appendix B

b width or thickness of wall section, mrn - Section 10

b smaller side of rectangular contact area - Section 1 I

bc overall width ol columu, mm - Sectious 6 and 9
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bÌ effective width of joint, mm - Section 9

bo perimeter of critical section for slabs and footings, mm - Section 7 and Appendix B

bv the widtI of the cross-sectionbeing investigated forhorizontal shear, mm-Section 8

b*, web width, or diameter of circular sectiot.t, mm - Sections 5,6,7 and Appendix B

b* web wiclth of beam, mm - Section 9

B the r.atio of the recluction in moment of resistance to the numerically largest

mornellt given anywl.rere by the elastic analysis for that patticular member covering

all appropriate combinations of ciesign load - Section 3

B the rutio of the reduction in resistance monrent to the nrtmerically largest lnoment
(see 13.3,10.1 (d))- Section 13

c

¡eutral axis depth measured from extreme cotnpressiou fibre -Sections 3,6 and 13

computed distance of neutral axis flom the compression edge of the wall section -
Section l0

tlre smaller of c, or cs, mm - Section 5

distanoe measured from extreme tension fìbre 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 façe 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, c, shall be the smaller of the distance from the coucrete 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 -
SectionsTandll

size of rectangular or equivalent rectangular column, capital, or bracket measured

transverse to the direction olthe span forwhich the moments are being determined,

c

cc

c
L̂

cs

C1

C2

cj

cm

mm - Sections 7 and 1l

C cross-sectional constant to define torsional properties. See eq, ll'12 - Section 1 I

vÌn 
- section 9

V¡y + V¡z

a factor relating actua.l moment diagram to an equivalent uniform moment diagram

- Section 6

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

- Sections 3,5,6,8,71,12 ancl AppendixB

clistance from extreme compression fîbre to centroid of longitr.rdinal tension rein-
forcement but need not be less than 0.8 ft for prestressed members or 0.8 Q, for
walls, mm,

(For circular sections, d need not be less than the distance from the extfeme com-
pression fibre to centroid of tension Ieinforcement in opposite half of member) -
Section 7
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d distance frotn extreme compression fibre to centroid of prestressing steel, or.to
combined centroid when non-prestressing tension reinforcement is included, mm
- Section 13

d' distance from extreme compression fib¡e to centroid of compression reinforcement,
mm - Section 4

d6 nolninal diameter of bar, wire or prestressing strand, or in a bundle, the diameter of
a bar of equivalent area, mm - Section 5

dc distance from extreme compression fibre to centroid of prestressed reinforcement
- Section 7

di dianteter of bend rneasu¡ed to inside of the bar, mm - Section 5

dp diameter of pile at footing base, mm - Section 12

ds distance from extreme tension fibre to centroid of tension reinforcement, mm
Section 4

ds distatlce fiotn ceutroid of total vertical reinforcenlent to extreme cornpression fibre
of wall section - Section 7

D dead load as defìned by NZS 4203 - Sections 6 and 1 3

D clead loads or their related internal ntomeuts and forces - Section l5

e eccentricity betweert the centre lines of the webs of a beam and a colunrn at a joint,
mnr - Section 9

¿ base of Napierian Logarithm - Section 13

E design earthquake loading, specified in NZS 4203, applied to the primary elements

- Section 13

E earthquake load as defined by NZS 4203 - Sections 3,6 and 14

Ec modulus of elasticity of concrete, MPa (see 3.3.4.1) - sections 3,4,6 and. Appen-
dix B

Ecb modulus of elasticity of bearn corcrete - Section 11

8", modulus of elasticity of column concrete - Section 1 I

8", modulus of elasticity of slab couclete - Section I I

Ep eartltquake loads for Parts & Portions, specified in NZS 4203, applied as inertia
loading to the seconclary eletnents - Section 3

Es modulus ol elasticity of reinforcement, MPa (see 3.3.4,2) - sections 3, 6 and
Appendix B

EI flexural stiffness of a member - see equations 6-8 and 6-9 for columns and piers

- Section 6

f¿ specified compressive strength of concrete, MPa - Sections 3,4,5,6,7,g,10, 13,
14 and Appendix B

{7[ square root of specified cornpressive strength of concrete, MPa, Sections 4,7,12,
l4 and Appendix B

fl¡ compressive strength of concrete at time of initial prestress, MPa - section 13
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fn

lp,

fpt

fpu

fpv

fct 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, /r" is resultant conrpressive stress at centroid of compo-
sile section, or at junctiori 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

Íon compressive stress in concrete due to effective prestress forces only (after allowance' lor 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 I 3

ultimate tensile strength of prestressing tendons, MPa - Sections 7 and 13

specifieci yield strength of prestressing steel, MPa or Iíe 0.2% proof stress - Section
13

f, modulus of rupture of coucrete, MPa - Section 4

fs steel stress at service load, MPa - Sections 4 and 5

îs tensile stress in reinforcement - Appendix B

fru effective stress in prestressing steel after losses, MPa - Sections 5 and 1 3

fv specified yield strength of non-prestressed reinforcement, MPa - Sections 3,4,5,' 6,I ,9 , 72, 13, 14 and Appendix B

fvn specified yield strength of spiral, hoop or supplementary c¡oss-tie reinforcement,- 
MPa - Sections 6, l0 and 14

fvh specified yield strength of horizontal non-prestressed shear ¡einforcement in a wall,' MPa - Section 7

frn specified yield strength of ve¡tical non-prestressed wall reinforcement, MPa -- 
Section 7

Íy, 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 ofbeam - Section 10

dimension of concrete core of section measured perpendicular to the direction of
the hoop ba¡s to outside of peripheral hoop, mm - Sections 6 and 10

beam depth, mm - Sections 5 and 9

column depth parallel to the longitudinal beam bars being considered, mln -
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

h

h

h"

lrb

hc

hc

hv
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hw total height of wall from base to top, mln - Section 7

hr distance tiom the centroid of the tension steel to the neutral axis, mm - Section 4

h2 distance from the extreme tension fibre to the neutral axis, rnm - section 4

16 moment of inertia about centroidal axis of gross section of a beanr as defined in
1l .8 .2 .4 - Section 1 I

Ic molÌrellt of inertia of gross cross-sectiou of column - Sectiol 11

h, rnomelìt of ine¡tia of cracked section - Section 4

Ie eflective morrent of inertia for computation ol deflection - Section 4

Is molncnt of inertia of gross concrete section about the centroidal axis, neglecting- the ¡einforcement, mm4 - Sections 4 a¡d,6

Is mometrt of inertia about centroidal axis of gross section of slab

= h3 I 12 times width of slab specifìed in defintions of a and g¡ - Section 1 1

Ir" moment ol inertia of reinforcement about centroidal axis ol member cross-section,
mm4 - Section 6

It moment of ine¡tia of st¡uctu¡al steel shape, pipe or tubing about centroidal axis of
composite member cross-section, mm4 - Section 6

Ix moment of inertia of section resisting externally applied facto¡ed loads - Section 7

k effective length factor for a column or pier - Section 6

k6 multiplier applied to the permitted beam bar sizes through column joints in non-
yielding beams - Section 5

kt, an index of the transverse reinforcement plovided along tl.re auchored bar,
Aúytl 10s, expressed as mm - Section 5

K wobble fiiction coeffìcient per metre of prestressing steel - Section 13

K6 flexural stilTness of beams: moment per unit roatation - Section 11

Kc flexural stiffness of column: moment per unit rotation - Section 11

Ktp factor used in computing deflections allowing for long timc effects - section 4

Kr, flexural stiffness of equivalent column: moment per unit rotation. See eq. ll-10
- Section 1 I

rK, flexural stiffness of slab: moment per unit rotation - Section I I

Kt torsional stiffness of torsional rnember: moment per unit rotation - Section 1l

I 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 prestressiug steel element from jacking end to any point x, length of span
in two way flat plates in the di¡ection parallel to that of the reinforcement being
determined, mm - Section 13

9"a additional embedment lengtlr at suppolt or at point of iniìection, rnm - Section 5

9.6 distance tì'onl critical section to start of bencl, mrn - Section 5
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e¿ development length, mm - Sections 5 and 10

LaU basic development length of a straight bar, mm - Section 5

yal, development length of hooked bars, equal to straight embedment between critical

section and poinl of tangency of hool , plus bend radius, plus one bar diameter,

mm - Section 5

Qlø basic development length for a hooked bat, mm - Section 5

gn clear span for positive moment or shear and the average adjacent clear spans for

negative moment - Section 3

g.n length of clear span in longdirectionof two-way constrtlction, measured face-to-
" facõ of columns in slabs without beams and face-to-face of beams or other supports

in other cases, mm - Section 4

9.n clear length of member measured from face of supports, mm - Section 6

g.n the clear vertical distance between floors or other effective horizontal lines of" 
lateral support, or clear span - Section 10

g.n length of clear span, in the direction moments are being determinecl, measured face-

to-face of supports - Section 1 l

Is shortest span length of bridge deck slab, mm - Section 4

[s distance between point of zero shear and the support ofa deep beam and as speci-

fied in 7.3.12.4 - Section 7

g", span of member under load test (the shorter span of flat slabs and of slabs suppor-
' t;d on four sides). The span, except as provided in 75.4.2.9,is the distance between

the centres of túe supports or the clear distance between the supports plus the

depth of the member, whichever is the smaller, mm - Section 15

9u unsupported length of a column or pier, mm - Section 6

Qv length of shear head arm from centroid of concetrtrated load or reaction, mm -
Section 7

Qw horizontal lengtl'r of wall, mm - Sections 7 anrl l0

Q,x length of clear span in short directiotr of rectangular slab - Sectlon 1 I

Qy length of clear span in long direction of rectangular slab - Section I I

Q1 lengtþ of span in the direction that moments are being determined, measurecl centre-

to-centre of supports - Section I I

g.2 length of span transverse to 11 measured centre-to-centre ol supports (see also

1 1.8.5.3 and 1 1.8,5.4) - Section 1 1

L design live loads, including i¡npact where appropriate, or their related ínternal
moments and forces - Section 15

Lp reduced live load as defìned by NZS 4203 or their related internal moments and

forces - Sections 6, l3 and 15

m fyl\.85f¿ - Section 14

M applied design moment - Appendix B

M structural material factor as defìned in NZS 4203 (see 3'5.4) - Section 3
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Ma lnaxil¡unt lttonlettt iti uretnber at stage lor which deflection is being cornputed -
Section 4

)M¡ sum of moments at ideal strength in non-yielding bearns at opposite faces of the
joint, summed in the satne vector sense, and related to the centre of the iutersecting
column, N mm - Section 5

Mc molnent to be used for design of a column or pier - Section 6

ÐM" sum of the moments at ideal strength in l-ringing çolumns at opposite faces of the
joint, summed in the same vector sense, and ¡elated to the cent¡e of the intersect-
beam, N mm - Section 5

M* cracking moment - Section 4

Me moment resulting from loading combination U, involving earthquake effects, N mm
- Section 14

Må M, rcfered to mid-depth of the section, N mm _ Section 14

Mrn nomen t associated with l, N mm

M¡ ideal flexural strength of section, N mm - Section 5

Mo 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

Mo total factored static moment - Section 11

Mp required plastic moment strength of shear-head cross-section - Section 7

Mr* moment midspan or the supports of strips of unit width and span 1" - Section l1

Msy moment at midspan or the supports of strips of unit width and span 1, - Section 1l

Mu design moment for a member - Section 6

Mu factored moment at section - Section 7

M* faclored moment occuring at a section simultaneously with V, - Section 7

Mv mornent resistance contributed by shear head reinforcement - Section 7

ML value of smaller design end moment on a column or pier calculated by conventional
elastic frame analysis, positive if nlembe¡ is bent in single curvature, negative if bent
in double curvature - Section 6

M2 valtte of larger desigtt end moment on a column or pier calculated by conventioual
elastic franle analysis, always positive - Section 6

n modular ralio = Erf E, - Appendix B

n number of bars in a layer - Section 5

¡/ design axial load normal to the cross-section occurring simultaneously with V, to be
taken as positive for compression, negative for tension, and to include the effects of
creep and shrinkage - Appendix B

Nc tensile force in the concrete under setvice load - Section l3

Nu factored telsile force on bracket or corbel actitg simultaneously with Vu, to be
taken positive for tension - Section 7
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Pc perimeter of section, mm - Section 7

Po perimeter of Area Ao,mm - Sectiolt 7

Pc critical load. See eq. 6-7 - Section 6

Prs forces after all losses in prestressing steel passing through a joint, N - Section 9

Pe maximum design axial load in compression with given eccentricity due to gravity
and seismic loading acting on the member during an earthquake - Section 4

Pe design axial load in compressìon with given eccentricity due to gravity and seismic
loading acting on the member during an earthquake - Sections 6 and 9

Pe design axial load in compression with given eccentricity due to gravity and seismic
loading acting on the member simultaneously with shear stress l¡ during an earth-
quake - Sections 7 and 13

Pe design axial load, due to loading U, involving earthquake loads, N - Section l4

P¡ ideal axial load strength at given eccentricity - Sections 4 and 13

Pi, ideal axial load carrying capacity of a bearing wall designed by 10 .4.2 - Section 10

Pmin minimum axial load on a column at its junction with a beam in which plastic hinges
form,N-Section5

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

- Sections 6 and 13

Ps prestress at jacking end - Section I 3

Pu design axial load at given eccentricity - Section 6

Pu factored axial load at given eccentricity (not including any prestressing force)( @P¡

- Section 4

Pu factored axial load normal to cross-section occurring simultaneously with Vrlobe
taken as positive for compression, negative for tension, and to include effects of
tension due to creep and shrinkage - Section 7

Pu design axial compression column load including vertical prestressing where applic-
able, occurring simultaneously with V¡f¡, N - Section 9

Px prestress at any point - Section l3

r 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 momerìt lringing, always taken negative - Section 7

reduction factor for confinement - Section 14

maximum spacing of t¡ansverse reinforcement within Qd, 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

Rc

s

    

C
op

yr
ig

ht
 S

ta
nd

ar
ds

 N
ew

 

Ze
al

an
d 

©
 T

he
 C

ro
w

n 
in

 r
ig

ht
 o

f N
ew

 Z
ea

la
nd

, a
dm

in
is

te
re

d 
by

 th
e 

N
ew

 Z
ea

la
nd

 S
ta

nd
ar

ds
 E

xe
cu

tiv
e.

 A
cc

es
s 

to
 th

is
 s

ta
nd

ar
d 

ha
s 

be
en

 s
po

ns
or

ed
 b

y 
th

e 
M

in
is

tr
y 

of
 B

us
in

es
s,

 In
no

va
tio

n,
 a

nd
 E

m
pl

oy
m

en
t u

nd
er

 c
op

yr
ig

ht
 li

ce
ns

e 
LN

00
14

98
. Y

ou
 a

re
 n

ot
 

pe
rm

itt
ed

 to
 r

ep
ro

du
ce

 o
r 

di
st

rib
ut

e 
an

y 
pa

rt
 o

f t
hi

s 
st

an
da

rd
 w

ith
ou

t p
rio

r 
w

rit
te

n 
pe

rm
is

si
on

 fr
om

 S
ta

nd
ar

ds
 N

ew
 Z

ea
la

nd
, o

n 
be

ha
lf 

of
 N

ew
 Z

ea
la

nd
 S

ta
nd

ar
ds

 E
xe

cu
tiv

e,
 u

nl
es

s 
yo

ur
 a

ct
io

ns
 a

re
 c

ov
er

ed
 b

y 
P

ar
t 3

 o
f t

he
 C

op
yr

ig
ht

 A
ct

 1
99

4.



  

NZS3101: Part l:1982
Appendix A 110

så for a particular bar or group ofbars in contact, the centre-to-centre distance, meas-
ured perpendicular to the plane ofthe bend, to the adjacent bar or group ofbars or,
for a bar or group of bars adjacent to the face of the member, the cover plus d6,
mm - Section 5

sh centre-to-centre spacing of hoop sets, mln - Section 6 and 10

sh spacing of hoops or supplenrentary cross-tie reinforcement sets or both, mm
Section 14

s1l horizontal spacing of longitudinal reinforcement along the length of a wall, mm -
Section 10

slv spacing of wires to be developed or spliced, mln - Sectior.r 5

s1 spacing of vertical reinforcenent in wall, mm - Section 7

s2 spacing of shear reinforcement in direction perpendicular to longitudinal reinforce-
ment or spacing of horizontal reinforcement in wall, mm - Section 7

S structural type factor as defìned in NZS 4203,(see also 14.4.1)- Sections 3,J,lO
and l4

f thickness of surfacing and fìlling material - Section 1 I

t6 distance from extreme tension fibre to the centre of the adjacent bar, mm -
Section 4

tc 0.1 5 AcolPc, mm - Section 7

to 0;75 AolPo - Section 7

T¡ ideal torsional strength of section - Section 7

Tu factored torsional moment at section - Section 7

u latger side of rectangular loaded area allowing for load spread - Section 1 1

U required strength in accordauce with appropriate desígn loadings code - Sectious
4 and 13

U design load - Section 6

U design load combination specified in NZS 4203 or other appropriate loadings code.
For Me. Më, V" ãrtd Pe, the combinations are those involving earthquake effects -
Section' 1 4

r total shear stress at section - Appendix B

v smalle¡ side of rectangular load area allowing for load spread - Section 1 1

vb basic shear stress, MPa - Section 7

vc ideal shear stress provided by the concrete, MPa - Sections 3,1 and 14

vc allowable shear st¡ess carried by the concrete, MPa - Appendix B

vci ideal shear stress provided by concrete when diagonal cracking ¡esults from com-
bined shear and moment, MPa - Section 7

vcw ideal shear stress provided by concrete when diagotul crackiug results fiom exces-

sive principal tensile stress in web, MPa - Section 7
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vdh desìgn liorizontal shear stress at any cross-section, MPa - Section 8

vh permissible horizontal shear stress, MPa - Section 8 and Appendix B

vi total shear stress, MPa - Sections 7 and 10

vin shear stress sustained by members of variable depth defined by eq. 7'7,MPa -
Section 7

,Ìh nominal horizontal shear stress irr joint core' MPa - Section 9

vt¡ torsional shear stress, MPa - Section 7

V total shear force at section - Appendix B

Vrrr¡ horizontal shear force across a column, N - Section 9

Vch ideal horizontal joint shear strength provided by concrete shear resisting mechanism

only,N - Section 9

Vrv ideal vertical joint shear strength provided by concrete shear resisting mechanism

only,N-Section9

Ve shear force resulting from loading combination U, involving earthquake loads, N

Vrq shear force associated with É', N

Va¡ design shear force to be resisted by diagonal shear reinforcement - Section 7

V¡ ideal shear strength ofsection - Sections 7,8 ancl 14

VÌn total ho¡izontal shear force across ajoint' N - Section 9

Vi, total vertical shear force across ajoint,N - Section 9

Vj, total horizontal joint shear force in x direction, N - Section 9

Vj, total horizontal joint shear force in z di¡ection,N - Section 9

Vp trausverse component of effective longitudinal prestress force at section - Section 7

Vsh ideal horizontal joint shear strength provided by horizontal joint shear reinfo¡ce-

ment,N-Section9

V* icleal vertical joint shear strength provided by vertical joint shear reinforcement,N
- Section 9

Vu factored sl-rear force at section,N - Sections 5,7 and 8

ìv density of concrete, kg/mt - Sections 3 and 4

wd factored uniformity distributed dead load per unit area - Section 11

w^o madmum crack width at the surface of the member, mm - Section 4

w, factored load per unit length ofbeam or per unit area of a slab - Section 3

wu total factored uniformly distributed load per unit area

= wd + llll Section 11

wQ factored uniformly clistributed live load per unit area - Section 1 1

x shortel ovorall dimension of a rectangular part of cross-section - Section I 1
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v

!t

longer overall dilnension of a rectangulaL part of cross-section - section I 1

distance frorn centroidal axis of gross section, neglecting reinfolcement, to extre¡re
fibre in tension - Sections 4 and'l

o 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 palrel (if any) on each side of

the beam

= Ecb Iø 
- Sections 4 and 1 1

ErsI,

e angle between inclined stirrups aud longitudinal axis of menlber - Section 7 and
Appendix B

c total angular change of prestressing steel profile in radians from jackingend to any
pointx-Sectionl3

o¿c 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

_ ÐK,
0( -it- - Section 11

aec 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 mometlts
are beùrg determined

- K",
DGs iT-b) - Section 11

o¿m average value ofa for all beams on the edges of a panel - Section 4

c-¡ minimum dc to satisfy 11.8.13.1 (a) - Section 1l

ay ratio of stiffness of shearhead arm to surrounding composite slab section. See
7 .3.15 .4 - Section 7

01 a in the direction 11 - Section 1 1

e.2 a in the direction 12 - Section 1 I

B ratio ofclearspansinlongto short direction of two-way slabs - Section4
(beta)

B for reinforced concrete the angle which the tension reinforcelnent tnakes with ttie
plane of the extrelne compression fìbre. For prestressed members the angle whicl-L
the prestressing tendons make with the plane of the beam centroid - Sectiorr 7

ßa ratio of dead load per unit area to live load per unit area (in each case without load
factors)-Sectionll

9U ratio of area of reinforcement to be cut off to total area of tension reinfo¡cement at
the section, including those bars which are to be cut off - Section 5

Pc ratio of short side to long side of concentrated load or reaction area - Section 7
and Appendix B

I, ratio of sho¡t side to long side of foundation - Section 12

Aa ratio of maximum design dead load moment to maximum design total load moment,
always positive - Section 6
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É, ratio of lengtl-r of continuous edges to total perimeter of a slab panel - Section 4

0s, short span moment coefficient shown in table 1 1.1 - Section 1 1

Bsy long span lnoment coefficient shown in tatrle 1 1-1 - Section l1

0t ratio of torsional stiffness of edge beam section to flexural stilfrress of a width of' 
slab equal to span ler.rgth of the beam, centre-to-centre of supports

= Er6Cf2Er.r1, - Section l1

þ, factor defined in 6.3.1.1 - Section 6

"y ratio of distance between centroicls of tensile aud compressive reinforcement to
(gamma) overall depth of the member - Section 4

"y strength parameter used for confiuement criteria - Section 14

^lf fraction of unbalanced moment transferred by flexure at slab-column connections
" (see 11.3.5)-Section l1

ô 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, ffiffi -
Section 15

ô moment magnification factor (see 6.4.11.5 and 6.4'11,6) - Section 6

ôs factor defìned by eq. 1 1-9 (see 1 1.8.13) - Section l1

^ displacement or deformation (angular or lineal) of the primary elements due to the
loading EO - Section 3

^- 
displacement or deformation (angular or lineal) of the secondary elements due to

P the loading.Eo - Section 3

tJ coefficient of friction (see 7.3. I 1 .5) - Section 7
(mu)

tt curvature friction coefficient - Section 13

z modification factor by which deformations are multiplied, as specified in NZS 4203
(nu) - Section 3

p ratio of rron-prestressed tension reinfo¡cemenl= Aslbd - Sections 6 and l3
(rho)

p ratio of tension reinforcement per unit width - Section 1l

p' ratio of non-prestressed compression reinforcem enT = A'sf bd - Sections 3, 6 and 13

p* ratio of all longitudinal reinforcement within,4$ equal ro AilAË - Section 14

pt reinforcement ratio proclucing balanced strain conditions in a beam or slab (see

6.4.1.2) - Section 6

ph ratio of horizontal shear reinforcement area to gross concrete area of vertical
section - Section 7

pg the ratio of veltical wall reinforcement area to unit area of l'rorizontal gross con-
crete section = Aslbsv - Section l0

Pmax., p nrin.

maximum and minimum values of the ratio of non-prestressed tension reinfo¡ce-
ment computed using width of web - Section 6
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APPENDIX B

ALTERNATIVE DESIGN METHOD

BI NOTATION

Sorne 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 gloss aÍea of section, mm2

Av area of shear reinlorcement within a distance s, or area of shear reinforcement per-
penclicular to flexural tension reinforcement within a distance s for deep beams,
mm2

A 1 loaded area, mm2

A2 maximum area of the portion of the supporting surface that is geometrically similar
to and concentric with the loaded area, mmz

b width of compression face of member, mm

bo periphely of critical section for slabs and footings, mm

bw web width, or diameter of circular section, mm

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

Ec rnoclnlus of elasticity of concrete, MPa. See 3.3,4.1

ts mocluhrs ol elasticity of steel, MPa. See 3.3.4,2

f; specifiecl oonrpressive strengtlr of concrete, MPa

fi square root olspecifìed compressive strength of concrete, MPa

lct average splitting tensile strength oflightweight aggregate concrete, MPa

fs tensile stress in reinforcement, MPa

b specified yield strength of non-prestressed reinforcement, MPa

M applied design moment

n modular ratio = EslEc

N design axial load normal to the cross-section occurring simultaneously with V;tol:e
taken as positive for compression, negative for tension, and to inclucle the effects of
tension due to creep and shrinkage

s spacing of shear or torsion reinforcement in directìon parallel to longitudinal rein-
forcement, mm

v total shear stress at section, MPa

vc allowable shear stress carried by concrete, MPa

vh permissible horizontal shear stress, MPa

V total shear force at section

o angle between inclined stirrups and longitudinal axis of member

ß 
" 

ratio of short side to long side of a concentrated load or reaction area

p ratio of non-prestressed tension reinforcement ralio = Arfbd

Ó capacity reduction factor. See 83.1

82 SCOPE

82.1 Non-þrestressed 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.
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B2.2 Nl provisions of this Code for non-prestressed concrete, except 3.3.3.4, shall
apply to members designed by the alteurative design nethod.

82.3 Flexural members shall meet the requirements for deflection controlin4.4 and
the requirements of 6.3.2,6.3.3,6.4.3 md 6.4.5 of this Code,

B3 GENERAL

83.1 Design loadings shall be according to NZS 4203 or other appropriate loadings
code and capacity ¡eduction factors, @, shall be taken as unity for members designed by
the altertrative design method.

84 ALLOWABLE SERVICE LOAD STRESSES

B4.l Stresses in concrete.

Stresses in concrete shall not exceed the following:

Flexure

Extreme fìbre stress in compression .0.45 f¿

Shear*

IJeams and one-way slabs and footings

Shear carried by concrete, l. 0.091 \[Í;
Maximumshearcarriedbyconcreteplusshearreinforcement.......vc*0.37\/7;

Joistst:

Shear carried by concrete, u" . 0.10 {ü

Two-way slabs and footings:

Periplreral shear carried by concrete, vrt . . . . .0.083 (l

but not greater than

Bealing on loaded alea $ 0.30f;

84.2 Stresses in reiuforcement

Tensile stress in reinforcement/, shall not exceed the following:

Grade275 reiuforcement .... 150MPa

Grade 380 reinlorcement or greater and welded wire fabric, smooth or deformed 200 MPa

T
¿
+

$

F-or rnore det¿iled analysis of shear st¡ess ca¡¡ied by concrete, u' and shearvalues for lightweight
aggregate colìcrete, see 88.2

Designed in accordance with 3.4.2 of this Code.

If shear reinforcement is provided see 88.2.

Wren the supporting surface is wider on all sides than the loaded area, the allowable bearing stress
on the loaded area nìay be increased by A2lAt,but not more than 2, Wren the supporting surface
is sloped or stepped,,42 may be taken as the a¡ea ofthe lowe¡ base of tho largest frustuut or a rþht
pyramid or oorìc contained wltolly within tho support and having for its upper base tlre loaded
area, and having slde slopes ol 1 vertical to 2 ho¡izontal.

+?)'Irî
Pt"

o.lt t/fi
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85 DEVELOPMENT AND SPLICES OF REINFORCEMENT

85.1 Development and splices of reinforcement shall be as required by the relevant
clauses in Section 5 ofthis Code.

85.2 In satisfying tl're requirements of 5.3.25.3, ll4¡ shall be taken as computed
moment capacity assuming all positive mornent tension reinforcement at the section to be
stressed to the permissible tensile stress /r, and V, shall be taken as unfactored shear
force at the section.

86 FI-EXURE

86.1 For investigation of stlesses at service loacls, straightline theory (for flexure)
shall be usecl with the lollowing assumptions:

(u) Strains vary linearly as the distance from the neutral axis, except for deep flexural
members with overall depth-span ratios greater than2l5 for continuous spans and
415 lor simple spans, a non-linear distribution of strain shall be considered. See

6.3.3 of this Cocle

(b) Stress-strain relationship of concrete is a straight line under service loads within
allowable service load stresses

(c) In reinforced concrete members, concrete resists no tension

(,1) Modular ratio, n = EslEc, may be taken as the nearest wholenumber(butnotless
than 6). Except in calculations for deflections, value of r¡ for lightweight concrete
shall be assumecl to be the same as lor normal-weight concrete of the same strength

(e) In doubly reinforced flexural members, an effective modular ratio of 2ErfE, shall
be usecl 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

87.1 Combined flexure and axial load capacity of compression membe¡s shall be
taken as 40% of that computed in accordance with provisions in Section 6 of this Code.

B7.2 Slenclerness effects shall be included according to the requiremerìts of 6.4.10
and 6.4.1 1.

87.3 Reinforced concrete walls sha-ll be detailecl in accorclance with Section 6 of this
Code.

88 SHEAR AND TORSION

88.1 General

88.1.1 Design shear stress u shall be computed by

,= V
b*d (Eq. B-1)

wl-rere Zis the design shear force at section considered.

88.1.2 When the reaction, in direction of applied shear, introcluces compression into
the end regions of a member, sections located less than a distance d fronr face of support
may be designed for the same shear y as that computed at a distance d.

88.1.3 Wherever applicable, effects of torsion, in accordance with provisions of
Section T of this Code, shall be added. Shear and torsional moment strengths provided by
concrete anil limiting maximum strengths for torsion shall be taken as 55%of the values
given ir.r Section 7.

    

C
op

yr
ig

ht
 S

ta
nd

ar
ds

 N
ew

 

Ze
al

an
d 

©
 T

he
 C

ro
w

n 
in

 r
ig

ht
 o

f N
ew

 Z
ea

la
nd

, a
dm

in
is

te
re

d 
by

 th
e 

N
ew

 Z
ea

la
nd

 S
ta

nd
ar

ds
 E

xe
cu

tiv
e.

 A
cc

es
s 

to
 th

is
 s

ta
nd

ar
d 

ha
s 

be
en

 s
po

ns
or

ed
 b

y 
th

e 
M

in
is

tr
y 

of
 B

us
in

es
s,

 In
no

va
tio

n,
 a

nd
 E

m
pl

oy
m

en
t u

nd
er

 c
op

yr
ig

ht
 li

ce
ns

e 
LN

00
14

98
. Y

ou
 a

re
 n

ot
 

pe
rm

itt
ed

 to
 r

ep
ro

du
ce

 o
r 

di
st

rib
ut

e 
an

y 
pa

rt
 o

f t
hi

s 
st

an
da

rd
 w

ith
ou

t p
rio

r 
w

rit
te

n 
pe

rm
is

si
on

 fr
om

 S
ta

nd
ar

ds
 N

ew
 Z

ea
la

nd
, o

n 
be

ha
lf 

of
 N

ew
 Z

ea
la

nd
 S

ta
nd

ar
ds

 E
xe

cu
tiv

e,
 u

nl
es

s 
yo

ur
 a

ct
io

ns
 a

re
 c

ov
er

ed
 b

y 
P

ar
t 3

 o
f t

he
 C

op
yr

ig
ht

 A
ct

 1
99

4.



  

NZS3l0l:Partl:1982
Appendix B

(a)

(b)

(.)

(d)

118

88.2 Shear stress carried by concrete

88.2,1 FoL members subjgc! to shear and flexure only, shear stress canied by concrete
u, slrall not exceecl 0.091 \/fl unless a more detailecl calculation is madeinaccor.dance
with 88.2.4.

88.2.2 For members suhje-ct to axial compression, shear stress carried by co¡crete
r. slrall not exceed 0.091 \/f; unless a more detailed calculation is made in áccordance
with 88.2.5.

88.2.3 For menrbers subject to signifìcant axial tension, shear reinforcement shall be
designed to carry total shear, unless a more detailed calculation is made using:

^/. 

ffiu, = 0.0e1 (l + 0.s8 ;r)\/f; (Eq. B_2)

where Iy' is negative fo, t".nrion, Quantity /{1, shall be expressed in Mpa.

88.2.4 For members subject to shea¡ and flexure only, u" may be computed by

v. = 0.083 t/ï+g.ovi
M

but u. slrall not exceed 0.16 \/î¿.Quantity vdlM shall not be taken greater than 1.0,
where M is design rnoment occurring simultaneously with Ø at section considered.

88.2.5 For mernbers subject to axial cornpression, vc tnay be computed by

u, = 0.091(l +0.087 #¡rtfog

Quarrtity NlAf shall be expressed in MPa.

88,2,6 shear stresses carried by concrete v, apply to nonnal weight concrete. whe¡
light-weight aggregate concrete is used, one of the following rnoclifìcations shall apply:

(a) When/"¡ is specified and concrete is proportioned in accorda¡rce witl.r ACI 318-72
Section 4þ 1.8îç¡ shall be substitutðd forVãUut the value of t.Bfr¡ shall not
exceed, t/ f

(b) when /r¡ is not specifìed, the value of V,f¿'shall be multiplied by 0.75 for ,,a11

lightweight" concrete and by 0.85 for "sand-lightweight" concrete. Linear inter-
polation may be applied when partial sand replacement is used.

88.2.7 In determining shear stress carried by concrete /r, whenever applicable, effects
of axial tension due to creep and shrinkage in restrained mðmbers shall bi considerecl and
effects of inclined flexural compression in variable-depth members may be included.

88.3 Shea¡ reinforcement requirements

B,8.3.1 Types of shear reinforcement

Shear leinforcelllent rnay consist of:

Stirrups perpendicular to axis of member

Welded wire fabric with wires located perpendicular to axis of member

Stilrups making an angle of 45o or more with longitudinal tension reinforceme¡t

Longitudinal reiltforcement with bent portion making an angle of 30o or lnore with
Iongitudinal tension reinforcement

Combinations of stirrups and bent longitudinal reinforcement

Spirals,

(Eq. B-3)

(Eq. B-a)

(.)

(Ð
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B8 .3 .2 Design yield strength of shear reinforcement shall not exceed 41 5 MPa.

88.3.3 Stirlups ancl other bars or wires used as shear reinforcement shall extend to a

distance d from extrelne compressior.r fibre and shall be anchored at botlt ends according

to 5.4.3 of this Code to develop design yield strength of reinforcement.

88.3.4 Spacing litnìts for shear reinforcement

88.3.4.1 Spacing of shear reinforcement placed perpendicular to axis of member shall

not exceed df2,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 d12 Iolongi-
tudinal tension reinforcement, sha-ll be crossed by at least one line of shear reinforcement.

88.3.4.3 When (u - u") exceeds 0.17 r/ff maximum spacing given in 88.3.4.1 and

F,8.3.4.2 shallbe reduced by one-half.

88.3,5 Minimum shear reinforcement

88.3.5.1 A minimum area of shear reinforcementstrall be provided in all reinforced
concrete flexural members where desigrr shear stress v is greater than half the permissible

shear stress u. carried by concrete, except:

(a) Slabs and footings

(b) Concrete joist coustruction defìned by 3.4.2 of this Code

(.) Beams with total depth not greater than 250 mm,2rh. times thickness of flange, or
oneJralf the width of web, whichever is greater.

88.3.5.2 Minimum shear reinforcement requirements of 88.3.5.1 may be waived if
sl.rown by test that required ultimate flexural and shear strength can be cleveloped when
shear reinforcement is omitted.

88.3.5.3 Whe¡e shear reinforcement is required by 88.3.5.1 orby analysis,minimum
area of shear reinfo¡cement shall be computecl by

b..,s
A, = Q,JJ -!- (Eq. B-5)

Iy

where å, and s are in millimetres.

88.3.6 Desígn of shear reinforcement

88.3.6.1 Where design shear stress v exceeds shear stress carriecl by concrete va, shear

reinforcement shall be provided in accordance with 88.3.6.2 to 88.3.6.8 inclusive,

88.3.6,2 When shear reinforcement perpendicular to axis of member is used,

(Eq. 8-6)

88.3.6.3 Wlien inclinecl stirrups are used as shear leinforcement,

(Eq. B'7)

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,

(Eq' B-8)

wlrere (r - ua) shall not exceed O.ß {î;
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88.3.6.5 Wheu shear reinforcement consists of a series of parallel bent-r.rp bars or
groups of parallel bent-up bars at different distances from the support, require{ area shall
bc conrputetl by eq. B-7.

88.3.6.6 Only the centre three-fourths of the inclined poltion of any longitudinal
bent bar shall be considered effective for shear reinforcement.

88.3.6.7 \{he¡e more than one type of shear ¡einforcement is used to reinforce the
same portiou of a member, required area shall be computed as the sum of tfie various
types separately. In such conrputations, u. shall be included only once.

118.3.6.8 Values of (u - r.) shall not exceed 0.37 \ff.

88.4 Slteor friction

Wrere it is appropriate to consider shear transfer across a given plane such as an exist-
itlg or potential crack, an interface between dissimilar matelials, or an inte¡face between
two coucretes cast at different tilnes,shear-friction provisions of 7.3.11 of this Code may
be applied, with limiting maximum stress fo¡ shear taken as 55% of that given in 7 .3.11 .4.
Permissible stress in shear-friction reinforcement shall be that given in P,4.2.

88.5 Special provisions for slabs and footings

88.5.1 Shear capacity of slabs and footings in the vicinity of concentrated loads or reac-
tions is governed by the more seve¡e of two conditions:

(a) Beam actiou for slab or footing, with a critical section extending in a plane across
the entire width and located at a distance c/ from face of concentrated load or re-
action area. For this condition, the slab or footing shall be deslgned in accordance
with 88.1 to BB,3 inclusive.

(lr) Two-way action for slab or footing, with a critical sectiolì perpenrliculaL to plane of
slab and located so that its perimeter is a lninimum, but treecl not approacìr closer
Lhan d12 to perimeter of coucentrateci load ol reaction area. For thii õonclition tlie
slab or fboting shall be designed in accordance with B8.5,2 and 88,5.3.

88.5.2 Design shear stress / shall be cornputed by

Vv= --bod

wlrere Z andbo shall be taken at the critical section defìned in B8.5.1 (b).

88.5.3 Design shear stress v shall not exceecl yc given by eq. B-10 unless shear rein-
forcement is provided.

,c = 0.083 (t +2ß)\/fl

(Eq. B-e)

(Eq. B-10)

but,r, slrail not exceed 0.11 \/f;,0, is the ratio of long side to short side of concentrated
load or reaction area. When liglitweight aggregate concrete is used, the modifications of
88.2.6 shall apply.

88.5.4 lf shear reiuforcement consisting of lrars or wires is provide<l in accorclance
with 7.3.15 of this code, u, shallnotexceed 0.r1\/-fi and r shallnotexceed 0.25\fü'

88.5.5 Il sltear reinforcenlent consisting of steel I or channel shapes (shear-heacls) is
provided in acco¡dance with 7.3.l5.4 of this Code, y on the veLtical-sectìon defineó in
B8'5.1 (b) sl-rall not excegl_0.29 J$and y on the iritical section defìnedin7.3.15.4(g)
slrall not exceed 0l7 \/f;. In equaiions j-36 and, T-37, design shear force z shall ù"ó
nrultiplied by 2 ancl substituted fbr I/,r
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Appendix B

88.6 Specidl provisions for other members

For design of deep flexural membefs, b¡ackets and corbels, and walls, the special

provisions of Section 7 of this Code shall be used, with shear strength provided by con-
c¡ete and limiting maximum strengths for shear taken as 55% of the values given in
Section 7 .In 7 .3.I3 the design axial load shall be multiplied by L2 if compression and

2.0 if tension, and substituted for Nr.

88.7 Composite conctete flexural members

For design of composite concrete flexural members, allowable horizontal shear stress

v¿ 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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Index n2

INDEX

Adnúxture - Defìnition, 2. I
Aggregate

Defìnition,2.l
Maxirnum size,5.3.5.2

Ä,nalysis methods, 3.3.3
Adclitional requirernents *- Seisnúc loading, 3.5.3

Anchorage
Definition,2.l
Mechanical, 5.3.16

Alternative design rnethod, 82, B3
Allowable load stresses, 84
Compression members, B7
Development and splices of reinforcement, B5
Flexure, B6
Shear and torsion, 88

Axial load - Design assumptions, 6.3.1

Beam
Definition,2.l
Deflections - Minirnum thicknesses, 4.4.1
Distrib ution of flexural reinforcernen t, G.3 .2

Beam-column joiuts, 9 .2,9 .3
Confìnement

Non-seismic lo ading, 9.4.8
Seismic loading,9.5.6

Design assumptions, 9.5.3
Design forces

Non-seismic loading, 9.4.2
Seismic loading, 9.5.2

Design principles, 9.4.5
Eccentric beam-column joints, 9.5.8
Horizontal joint shear, 9.5.4
Horizontal joint shear reiltforcement, 9 .4.6
Joints with wide columns and narrow beams,9.5.7
Maximum permissible horizontal stress, 9.4.4
Strength reduction factor, 9.4.3
Vertical joint shear, 9.5.5
Vertical joint shear reinforcemen t, 9 .4.1

Bearing strength - Axial and flexural loads, 6.3.5
Bearing úalls - Design, 10.4.1
Bends

Reinforcement,5 .3.3, 5 .3.4
Welded wire fabric, 5.3.4

Biaxial bending - Columns, 6.4.11.6
Bonded reinfo¡'cement - Minimum -- Prestressed concrete, 13.3.8
Bonded tendon - Definition, 2.
Brackets - Shear provisions, 7.3.13
Blidges

Ductile structures, 3.5.9
Limited ductile st¡uctures, 14.l0
Load tests on existing structures, 15.4.3
Seismic loading, 3 .5 .2.3
Serviceability, -î.4. I
Spacing of reinforcelnent, 5 .3 .5

Bundled bars
Development, 5.3.11
Spacing,5.3.5

Capacity design, 3.5 , 14.4,3
Definition,2.l

Column
Definition,2.l
Design,3.3.6.1
Equivalent - Slab design , 11.9.4
Reinforcement - Special details, 5.3.27
Reinforcelnent - Developrnent - Seismic loading, 5.5.3

Column loads - Transr¡ission through floor system, ó.3.4
Columns al.rd piers supporting slab systems, 6.4.8
Columns and piers - Desigr-r dimensions for , 6.4 .9
Columns and piers - Plastic linges, 6.5.4
Composite columns and piers, 6.4.12
Courposite concrete flexural r.nembers, 8.2, 8.3

Definition,2.l
Diaphragm action - Seismic loading, 8.5.2
Horizontal shear', 8.3.4

Additional requirements - Non-seismic loading, 8.4.1
Alternative design method, B8.7

lntentional roughness, 8.4.3
Seismic loading, 8.5
Shoring 8,3,2
Ties for horizontal shear, 8.4.2
VeLtical shear, 8.3.3

Conrposite coustruction - Deflections, 4.4.1
Cotnpression nrentbers

Alternative design method, 87
Design dimensions, 6.4.9
Effective length, 6.4.1 1.2
Limits for reinforcement, 6.4.6, 6.4.1
Prestressed concrete, I 3.4.3
Slende¡ness effects, 6.4.10
Slende¡ness effects - Approimate evaluation, 6.4.11

Compressive strength of concrete - Definition,2.l
Limits,3.5.4

Concrete - Definition, 2.1
Concrete cover,5.3.33
Concrete, Structu¡al lightweight - Definition, 2.1
Concrete, Plain - Defìnition,2.1
Cotrcurrency, 3.5.2, 14.4.3

Defìnition,2.1
Connections

Reinforcement,5 .3.28
Construction joint - Definition, 2.1
Corbels -Shea¡ provisions, 7.3. 1 3
Cover

Protection fo¡ reinforcelrent, 5.3.33
Fire protection, 5,3.35

Crack widths,4.4,2
Crackitg,4.4.2
Creep,4.4.1, 13.3.5
Curvature friction, 13.3,5

Definition,2.l

Dead load - See load, dead
Deep beams,6.3.3

Slrear provisions, 7 .3.12
Definitions,2.l
Deflection,4.4.1

Bridges, 4.4.1.1, 4.4.1.2
Bnildings, 4.4.1.2
Cornputation of , 4.4.1.3
Maximum allowable, 4.4.1 .4
Load tests 75 .4.2 , 15 .4.3
Prestressed concrete construction, 4.4.1 .3,13.4.1 .3
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Deformed bars - See reinforcement
Defortnecl reinforcement - Definition, 2.1

Design assutnptions - General, 3.3.3

Design dimensions for columns and piers, 6.4,9

Design nrethods, 3.3.1
lãditional requirements, non-seismic loaclin g, 3'4' 1

Aclclitional requirenrents, seismic lo adin g, 3,5' 1

Design strength,4.3
Developrnent, 5.3.6

Alternative desigtr methocl, 85

Bundled bars, 5 .3.1 I
Column reinforcement - Seismic loading, 5.5.3

DefoLmed bars and deformed wire in tension,5.3.7
Deformed bars in compression, 5.3.9
Flexural reinforcemenT, 5 .3.24

Additional r'equirements - Seismic loading' 5 '5.2
Foundation reinforcemeut, 12 '3 '5
Iìooks,5.3.l5
Mechanical anchorage, 5.3.1 6

Negative moment reinforcemenf , 5 .3 .26

Plain bars and wire in tension, 5,3'8
Plain bars in comPression,5.3.l0
Positive moment reinforcement, 5 '3,25
Prestressing strand, 5.3.1 4
Reinforcement,5.3.6
Reinforcement - Alternative design method, B5

Splices - See SPlices
Welded deformed wire fabric in tension, 5 .3.1 2

Welded smooth wite fabric in tension, 5.3.13

Development length - Definition, 2.1

Diaphragm
Delinition,2.1
See Walls and Diaphragms

Dimensions - Flexural members - Seismic loading, 6.5.2

Direct design method - Slabs, I 1.8

Drop panel - Two-way slab reinforcement, 1 1.8 '3
Ductile bridge structures, 3.5.9
Ductile frame - Definition,2.l
Ductile hybrid structures, 3.5.8
Ductile moment resisting space frames, 3.5.6
Ductile shear wall structures, 3.5.7
Ducts - Spacing limits,5.3.5

Effective prestress - Defìnition, 2.1

Elastic shortening - Loss of prestress, 13.3.5

Elastically responding structures, 3.5.1 I

Embedment length - Definition,2.l
Embedment length, equivalent - Definition,2'1
End anchorage - Defìnition,2.1
Energy dissipating devices, 3.-5.1 3

Engineer - Definition, 2. 1

Equivalent frame method - Slabs, 11.9

Factored loacl (See Load - factored)
Fatigue, 4.5.1
Fire resistance,4.5.2
Fixings for precast non-structural elements, 3.5.15

Flexure
Alten'rative design tnethod, B6
Design assumptions, 6.3. I

Flexural members - Load tests, 15.4.2, 15'4.3
'Flexural reinforcement

Development, 5.3.24, 5.5.2
Distribution in beams and slabs, 6.3.2

NZS3101:Partl:1982
Index

Floor finish, separate, 3.3.3.1
Floors, transmission of column loacls, 6.3.4
Footings

Shear provisions, 7.3.15
Alternative design method, 88.5

Foundations, 12.2
Combined foundations ancl mats, 12.3.9
Designing for ductility, 12.5.1

Ductile foundation structures, 3 '5.1'2.4
Elastic foundations supporting ductile supetstrttctures, 3'5'12'2
Elastic foundations supporting elastic superstructures, 3'5 '12'3
General design requirements - Seismic loading, 3.5.12
l¡ads and reactions, 12.3,1

Minimum deptli, 12.3.6
Moments, 12.3.3
Plain concrete pedestals arrd founclations, 12'3.10
Potential plastic hinge regions, 12'5.2
Reinforcement developmenr, 12.3.5

Reinforcement in piles - Seismic loading, 12 '5 .3

Rocking, 3.5 .12.5
Seismic loading, 3.5.12

Shear in footings, 12.3.4
Sloped or stepped, 12.3.8

SuppoLting circular or polygon shaped columns, 12.3.2

Transfer of force at base of column or pedestal, 12.3.7

Uplift forces, 3.5.12.1
Frames - Ductile moment resisting space, 3.5.6

Hooks
Development, 5.3,15
Standard,5.3,2

Hoop reinforcelnent
Cilcular for compression mernbers, 5.3.29
Rectangular for compression members, 5.3.30

Inspection of tested structures, 1 5.4.5
Isolatecl T-beam, 3.3.6.2

Jacking force - Definition,2.1
Joints - See Beam-column joints
Joist constru ction, 3.4.2

I-ap splices - See Splices
I¿teral supports - Distance between, for beams, 6.4.5
I¿teral reinforcement - See Reinforcement
Lightweight concrete

Structural - DefinitÍon, 2,1
Shear strength, 7.3

Limited cluctility structures - Seismic requirements, 3.5. I 0, 14'2, 14.3

Alternative design and detailing, 14.3.3
Bridge structures, 14.3.2, 14,10

Displacements, 1 4. I 0.4
Form, 14.10.1
Foundations, 14.10,2
Members resisting forces fiom bearings, 14.10.3
Structural integritY, 14.10.5

Capacity design and design for concurrency, 14.4.3
Confìnement within the end regions, 14.6.2
Diaphragms, 14.9

General requirements , 14.9 .3

Type I diapluagms, 14.9.1
Type 2 diaphragms, 14.9.2
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NZS 3l0l : Part l :1982
Index

End regions, 14.5
Contìnement w ithin, | 4.6.2
Designation, 14.5.1
Extent, 14.5.2
Shear reinforcement within, 14.7.3

Flexure and axial load, 14,6
Õeneral design considerations, 14.4
I¿teral tying of longitudfural reinforcement, 14.6.3
Longitudinal reinforcement in the end regions of walls, 14.6.4
Required strengths, I 4.4.2
Shear, 14.7

Concrete, 14.7 .2
Reinforcement within the end rcgiou, 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 reinfo¡cement - See Reinforcelnent
! ive load - See. Load. Live
l¡ad

Dead - Definition, 2.1
Design - Definition,2.l
Earthquake - Definition, 2.1
Factored - Definition, 2.1
Live - Arrangement, 3.3.2
Live - Defìnition,2.1
Service - Definition, 2.1

Load tests, 15.4
Flexural members, 15 .4.2, l5 .4.3
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
Me clranical connection s in compression reinforceme nt, 5 .3.2 l
Mechanical connections in tensiort reinforcement, S.3.19
Mechanical energy dissipating devices, 3.5,13
Minimum reinforcement

Bearns 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 requirenrents - Seismic loading, 3.5.3
Slab design, ll.8

Moment magnifìcation -
Slenderness effects for compression numbers, 6.4.11

Moment magnifier, 6.4.1 1

Nominal strength - See Strength, ideal
Notation, Appendix A

Offset bars - Reinforcing details fo¡ columns. 5.3.27
Openings

Slabs, I 1.3.7
Walls and diaphragms, 10.5.7
Web, 7.5.6

Overstrength - Defìnition, 2. I

P-Delta effect, 3.5.6. 1 3
Definition, 2.1

Pedestal, 12.3.2, 12.3.10
Pier - Defìnition,2.l see also: Columns
Piles - Reinl'orcement in, 12.5 .3
Plastic hinge region

Beams,6.5,3
Colurnns, 6.5.4
Definition,2.l
Prest¡essed beams, 13.5.3
P¡estressed columns, 13.5.4
Walls and diaphragurs, 10.5.2

Post tensioning - Definition,2.l
Precast concrete

Composite rnembers, 8.2
Cover, 5.3.33
Dehnition,2.l
Fixings for uon-structural elements, 3.5.16

Prestressed concrete, 13.2, 13,3
Basic assurnptions, 13.3.2
Beam design - Seismic loading, 13.5.3
Column design - Seismic loading, 13.5.4
Compression membe¡s, I 3.4.3
Concrete - Additional requirements -

Seismic loading, 13.5.2
Defìnition, 2.1
Deflection, 4 ,4.1 .3
End regions, 13.3.9
Flexu¡al strength, 1 3.3.6
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, T .3.3,13.3.1 1

Size and number of prestressing tendons, 13.3.7
Slab systenrs, 13.4.2
Tendon anchorage zones, 13.3.9
Unbonded tendons, 13.3.3

Prestressing strald - Development, 5.3.14
Prestressing tendons - Spacing limits, 5.3,5
Pre-tensioning - Definition, 2.1

Radius of gyration - Compression members -
Slenderness effects, 6.4.1 1

Reinforced concrete - Defìnition, 2.1
Reinforcement, 5.2, 5 .3

Beam - Plastic hinges, 6.5.3
Beams - Seismic loading,6.5.3
Bend diarueter - Minimum,,5.3.3
Bridges - Spacing lirnits,5.3.5
Bundled bars - Development, 5.3.1 1

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
Cove¡ for fìre protection, 5.3.35
Deformed - Definition, 2.1
Deformed - Development in compression, 5.3.9
Deformecl - Development in tension, 5.3.7
Development - See Development
Exposed bars and fittings - Protectiou ,5.3.34
Flexural - Development, 5 .3 .24

Developnrent - Additional requirements -
Seismic loading, 5.5.2

Distribution in beams and slabs, 6.3.2
Founclations - Development, 12.3.5

Grades - Permissible, Foundations, 3.5,4
Hooks - Development, 5.3.2
[nngitudinal

Limits in columns ancl piers, 6.4.6
Maximum in bearns and slabs, 6.4.2
Minimum in beanrs 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 - Developmenf", 5.3.25
Prestressing strand - Development, 5.3.14
Rectangular hoops and ties for columns ancl 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 temperattrre, 5.3.32 (see page 7)
Slabs - Two-way, See Slabs - Two'waY
Spacing, 5.3.5
Special details for columns, 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 loailing, 5.5.6

Strength - Maximum assumed yie1d,4.3.1
Temperature ,5.3.32
Transverse

Additional requirements - Seismic loading, 6.5 .3, 6.5 .4

Umits 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 .2 3

Welded smooth wirc fabric in tension
Development, 5.3.13
Splices, 5 ,3,22

Relaxation of steel stress, 13.3.5
Reliable strength - See Strength, Dependable,2,l

NZS3l0l:Partl:1982
Index

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.l ,3.5 .2,3.5 .3

Capacity reduction factor, 3.5.3
Concurrency, 3 .5 .2

Design methods,3.5.1
Diaþhragms, 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, 3.5.1 3
Fixings for precast non-stn¡ctural elements, 3.5.15
Foundations

Ductile, 3.5.12
Elastic,3.5.l2
I¿teral forces on retaining walls aud piles, 3.5,12.6
Rocking, 3.5.12.5
Uplift forces, 3.5.12,1

Hybrid structures - Ductile, 3.5.8
Joints, 9.5

Assumptions, 9.5.3
Confìnement, 9.5.6
Eccentric beam-column joints, 9.5 .8
Forces, 9.5,2
Horizontal shear, 9.5.4
Prestressed frames, 1 3.5.5
Vertical shear, 9.5.5
Wide column ancl 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 - Ileams, 6.5.3
lorrgitudinal, 6.5 .3.2
Plastic hinge regions, 6.5.3
Transverse - Stirrup ties,6.5.3.3

Reinfo¡cement - Columns and piers, 6.5.4
I-ongitudinal, 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 magnifìcation, 3,5.7
Shear wall - Ductile,3.5.7
Space fiames - Ductile,3.5.6
Strength reduction factor, 4.3.2
Strengh calculations -

Flexure with or without axial load, 6.5.1
Walls

Dimensional limitations, 10.5.2
I-ongitudinal reinforcement, I 0.5 .3
Openings, 10.5,7
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NZS3l0l:Part1:1982
Index

Requirernents, 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, se¡vice
Service load stresses - Allowable -

Alternative design method, 84
Settlement - Foundations, 12.4.1
Shear,T .2,7 .3

Alternative design method, B8
Brackets, 7.3.13
Corbels,7.3.13
Deep beams,7.3.l2
Footings, 12.3.4
Horizontal - Ties -

Composite flexural members, 8.3.4, 8.4.1, 8.4.2
Moment - Transfer to columns, 1.3.16,7.4.1
Slabs and footings, 7.3.15
Walls,7.3.14

Earthquake resistirrg, 7.5.5
Shear and torsion - Combined strength, 7.3.7
Shear frictior¡7.3.11

Alternative design rnethod, 88.4
Shearheads, 7.3.15
Shear reinforcement

Alternative design method, 88.3
Design o1,7.3.6

Adclitional requirements - Seismic loading, 7.5.4
Details,7.3.5

Additional requirements - Seistnic 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,T .3.2
Concrete - P¡estressed members, 7.3.3
Concrete - Seisnúc Ioading,T .5.2
Earthquake resisting walls and diaphragms, 7.5.5
Horizontal - Cotnposite flexural members, 8.3.4

Additional requirements - Non-seismic loading, 8.4.1
Alternative design method, 88

Lightweight concrete, 7.3.1
Vertic¿l - Composite flexural members,8.3.3
Walls, 10.5.5

Shear wall structures, 3.5.1 ,l .5.5
Shrinkage and temperature reinl'orcement, 5.3.32
Shrinkage - Loss of prestress, 13.3.5
Slabs

One-way - Deflections - Minimum thickness,4.4.l
One-way - Distribution of flexural reinforcement,6.3.2
Slrear provisions, I .3.2, 7 .3.15

Altenutive design method, 88.5
Slabs - Two-way, ll.2,ll.3

Concentrated loads - Effective area, 11.3.4
Deflection,4.4.l
Design for flexure, 11.3.3
Design methods, 11.3.2
Direct design method for uniformly loaded

slab systems with rectangular panels, 1 1.8
Defìnition, I 1.8.2
Factored tnoment - Total static for a span, 11.8,5
Factored moments in beams, 1 1.8.8

Factored nloments in coÌumns and walls, ll.B.l2
Factored monlents in coluntn strips, 11.8.7
Factored mornents in micldle str-ips, 11.8.9
Factored moments - Modifìcation of, 1 1 .8 . 10
Factored moments - Negative and positive, I1.8.6
Factored shear in slab system with beams, I 1.8.1 1

Limitations, 11.8.3
Pattern loadings - Plovisions for, 1 1.8.13
Slab reinforcement, I 1.8.4

Equivalent frame method for uniformly loaded slab

systeln with rectangular panels, 11.9
Attached torsional nternbers, 1 1.9.5
Equivalent columns, 1 1.9.4
Equivalent frante, I 1.9.2
Factored mornents, I 1.9.7
Live load - Arrangement, I 1.9.6
Slab beams, 1 1.9.3
Slab ¡einforcernent, I 1.9.8

Elastic thin plate theory -
Design moments and shear forces, 11.5
Lirnit design theory - Design lnomeltts and shear lorces, 1l.6
Loads on bealns of slabs supporteci on four sides, 1 1.7.2
Moment coefficients for slabs suppolted on four sides, 1 1. r .r
Moment tlansf'er between slab and column, 1 1.3.5
Openings in slabs, 11.3,7
Shear transfel between slab and supporting elernents, 1 1.3.6
Slab reinfol'cement, I 1.4

Slab support - Axially loaded nlembers, 6.4.8
Slab systenrs - Prestressecl concrete, 13.4.2
Sletrdemess effects it.r colunrns and

piers braced against sidesway, 6.4.10
Approximate evaluation, 6.4.1 1

Spacing - Reinforcelnent, 5.3.5
Span length, 3.3.3
Spiral - Defìnition, 2.1
Spiral reinforÇement for columns and piers,5.3.29

A<lditional requirements - Non-seisr¡ic loading, 5.4.1
Additional requirements - Seismic loading, -5.5.4

Splices
Alternative design method, B5
General, 5.3.17
Iap splices in cornpression, 5.3.20
[-ap splices in tension,5.3.l8
Seismic requirernents, 5.5.1
Welded defonned wire labric in tension, 5.3.23
Welded smooth wire fabric in tension, 5.3.22
Weldecl splices or mechanical
connections in conrpressio tr, 5 .3.2 1

Welded splices or mechanical connections in tension, 5.3.19
Stilffness, 3.3.5

Additional requirements - Seisrnic loading, 3.5.5
Stirrups

Beams - Additional requirernents - Seismic loadiug, 6.5.3
Defìuition,2,l
Flexural melnbers, 5.3.3 1

Shear reinforcement - See Shear reinforcement
Stirrup and tie reinlorcement in flexural members,5.3.3l

Additional requirements - Non-seismic design, 5,4.3
Additional requirements - Seismic design, 5.5.6

Strain in reinforcenrent and concrete,6.3.l
Strength,4.3

Additional requirements - Seismic loading, 4.3.2
Calculations - Flexural members, 6.4.1

Additional requirelnents - Seismic loacling, 6.5.1
Compressive of concrete - Defìnition, 2.1
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Dependable or reliable - Definition, 2.1, 4.3.1
Ideal - Definition,2.l
Over - Definition,2.l
Reinforcement,4.3.1
Specified compressive ol concrete - Definition, 2,1

Strengh reduction factors, 4.3.1
Beam-column joints, 9.4.3

Strength evaluation - Existing structures, 15.2
Analytical evaluations, I 5.3
l¡ad tests - Gerteral, 15,4
l¡ad tests olflexural membets, 15.4
l-ower load rating, 15.6
Members other than flexural rnembers, 15.5
Safety, 15.7

Stress
Permissible - Prestressed concrete, 13.4.1
Permissible - Prestressing tendons, 13.3.4
Reinforcement,6.3.l
Service load - Allowable - Alternative design method, 84

Structural - Definition, 2.1
Structural members, 3.3.6
Structural steel core - Concrete encased, 6.4.12
Structu¡al type factor, 3.5.2
Structures incorporating mech anical

energy dissipating devices, 3.5.1 3

Supplementary cross-tie -- Delinition, 2.1

T-beams, 3.3.6
Additional requirements - Seismic design, 6.5.2,6.5.3
Flanges in tension - Tension reinforcemenl, 6.3 .2

'fenrpelature reinforcemen f , 5 .3 .32
Tendon - Prestressing

Anchorage zones, 1 3.3.9
Defìnition,2.l
Size ancì ntrmber, 13.3.7
Unbonded, 13.3.3

Tensile strength- Concrete, 6.3.1 ,13.4,1
Thickness, minimum - Beams and slabs,4.4.l
Tiès

Definition, 2.1

Horizontal shear - Composite flexural members,8.4.2
Steel core encased in concrete, 6.4.12

Torsion
Alternative design method, 88

NZS 3101 : Part l :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.l

Vibration,4.4.3

Walls, 10.2, 10.3
A,nchorage 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
Gene¡al design principles, 10.3.1
General seismic design requiremeuts, 10.5.1
Longitudinal reinforcement - Seisnlic requirements, 10.5.3
Reinforcement, 5.3.36
Shear provisions, 7.3.1 4
Shear strength - Seismic requirements, 10.5.5
Special splice and anchorage requirenrents

Seismic loading, I 0.5.8
Ties a¡ouncl vertical reinlorcement, 10.3.5
Transverse reinforcement - Seismic requirements, 10.5.4
Walls and cliaphragms with openings, 10.5.7

Web openings,7.5.6
Welded wire fabric

Bends,5.3.4
Defo¡med - 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 frictiorr, I 3.3.5
Definition.2.l
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NEW ZEALAND STANDARD

THE DESICN OF CONCRETE STRUCTURES

Part 1

Code of practice for
THE DESICN OF CONCRETE STRUCTURES

AMENDMENT No. 1

December 1989

EXPTANATORY 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 reínforcemenl of
concrete. Other minor changes are includld to correct misprints, add clarity to the
wording and to make a few other minor alterations.

To ensure receiving advice of the neK amendmentto NZS 3101:Part 1:1982 please
complete and return the amendment request form.

NZS 3101:part 1:1982

t p'" cõl
(Pr ce nc udes Amendments to both parts)

DECTARATION

Amendment No..l was declared on 8 December 1989 by the Standards Council
to be an amendment to NZS 3101: Part 1 :1982 pursuantto the provisions of section
1 0 of the Standards Act 1 988.

ACKNOWLEDGEMENT

Crateful acknowledgement is made to Professor R, Park, Head of Department of Civil
Engi neeri ng at the U niversity of Canterbu' 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

NZS 3 1 12:- - - - Methods of test for concrete
Part 2:1 986 Tests relating to the determination of strength of concrete

NZS 3.f 52:1 97 4 Manufacture and use of structural and i nsu I ati ng I i ghtwei ght concrete

NZS 3402:'l 989 Steel bars for the reinforcement of concrete

NZS 3404:1989 Steel structures code

NZS 4203:.1 984 Code of practice for general structural design and design loadings
for buildings

NZS 4702:1982* Metal-arc welding of Crade 275 reinforcing bar

*Under amendment

(Amendment No. 1, December 1 989)
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2

FOREWORD

Delete the penultimate paragraph of page 12 and substitute:

"lt should be noted that some provisions of this Code are based on proposed
amendmentsto NZS 4203:1976which havesubsequentlybeen incorporated'¡ntð NzS
4203:1984".

(Amendment No. 1, December 1 989)

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, 1o.1, 12.1, 13.i,
14.1 ftwice), Appendix A (p.105) (5 times), Appendix B, 81.

(Amendment No. 1, December '1989)

NZS 3101:Part l:1982

General change

Throughout the Code, wherever the terms occUf, change "specified yield strength" or
"specìfied minimum yield.strengh" to "lower characteristic yield strength" when
referring to non-prestressed reinforcemen .
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3

3.5.4.3

NZS 3101:Part 1:1982

1.1
ln the first paragraph, delete "NZS 1900, Chapter 9.3"
and substitute "NZS 1900, Chapter 9".

Delete the clause and substitute the following:

"Lower characteristic yield strength of reinforcement,

_ _ qydment NoJ f ...-b.' gp !;.ljå'r,,i ilï:i:''' 
ptasric hinge regions shail not

1.2.4
Delete the clause and the Note thereto. (Amendment No. 1, December 1989)

(Amendment No. 1, December 1 989)

2.1
ln the definition of DEFORMED REINFORCEMENT,
delete "NZS 3402P" and substitute "NZS 3402'.

Under the definitions of "Strength", add the following:

,LOWER CHARACTERISTIC YIELD STRENCTH OF

(Amendment No. 1, December 
.1989)

3.5.3.4(b)
Delete the first line and substitute: "The redistribution
of beam terminal negative moments shall ..."

(Amendment No. 1, December 1 989)

3.5.4.6
Delete the clause and substitute the following:

"Plain round or deformed bars may be used astransverse
reinforcement. Deformed bars shall not be used where
significant rebendingof hooks and bends isexpected or
possible. Plain Crade 430 bars shall carry permanent
identification".

STEEL. The value of yield strength below which not
more than 5 "/" oÍ proðuction tesis in each size falls",

and:

"UPPER CHARACTERISTIC YIELD STRENCTH OF
STEEL. The value of yield strength above which not
more than 5 % oÍ production tests in each size falls",

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 of NZ5 3402) may not retain fu I I strengh if incautious
hot bendi¡g or hot rebending practices are used."

(Amendment No. 1, December 1 989)

(Amendment No, l, December 1989)

4.3.1.4
Delete the clause and substitute the following:

"Designs shall
yield strength
500 MPa".

not
for

be based on a lower characteristic
reinforcing steel, f in excess of

(Amendment No. l, December 1 989)
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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. fi, = 300 MPa

Member

Minimum thickness,h

Members not suppot'ting or attached to
part¡tions or other construction likely to
be damaged by large deflections

Simply
sup-
ported

One end
contin-
uous

Both
end
cont¡n,

Canti-
lever

Solid one-
way slabs tl2s ( 130 r.l3s r./13

Beams or
ribbed one-
way slabs t l20 (.123 t126 r 110

NOTE - The values given shall be used directly for members

with normal density concrete (w = 24OO kg/m3) and steel

reinforcement with F = 300 MPa. For other conditions, the

values shall be modified as follows:

Forstructural lightweight concrete having a density in

the range 1450 - 1850 kg/m3, the values shall be

mulr¡plied by (1 .65 - 0.0003 w) but not less than 1 .09,

where w is the density in kg/m3.

For frother than 300 MPa, thevalues shallbe multiplied
by (o.42 + frl52o).

(Amendment No. 1, December '1969)

4.4.2.r (b)
Delete and substitute:

"The lower characteristicyield strength of the reinforcing
steel exceeds 300 MPa".

(Amendment No. 1, December 1989)

s.3.1.2
Delete 'NZS 3402P" and substitute "NZS 3402'.

(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 STEET BARS TO
NZS 3402

Steel yield
strength

i
v

Minimum diameter
of bend

di

(a)

(b)

300 or 430 sd,
6d,

b

Table 5.2
Delete the table and substitute:

Table 5.2
MINIMUM DIAMETERS OF BENDS FOR STIRRUPS
AND TIES FOR NEW ZEALAND MANUFACTURED
STEET BARS TO NZS 3402

bend

5.3.4.1
Delete the last line, "where do is the stirrup or tie bar
diameter" and substitute ", for New Zealand
manufactured steel reinforcementto NZS 3402, where
do is the stirrup or tie bar diameter".

(Amendment No. 1, December 1989)

5.3.7.2
Delete "Crade 275 reinforcement" and substitute
"reinforcement with fy = 300 tttPa".

(Amendrnent No. 1, Decenrber 1989)

s.3.7.3(a)
Delete and substitute:

5.3.3
ln line 3 after "given in table 5.1 " add "for New Zealand
manufactured steel reinforcement to NZS 3402'.

5-1 and substitute:

.i] | ;l i"o. (Eq 51,"

"Reinforcement havlng a lower characteristic yield
strength otherthan 300 MPa ......... f /300'

(Amendment No. 
.1, 

December 1989)

5.3,9.2
ln line 2, change '0.24' to 0.22u.

ln line 3, change u0.044'to 0.040".

6-20
24-40

(Amendment No. 1, December 1989)

Steel yield
strength

f
v

Bar
d¡ameter

(mm)

db

Minimum diameter of
d,

I

Plain bars Deformed bars

300 or 430 6-20
24-40

2d,
D

3d,
Ì)

4d,
Ì)

6d,
Ì)

(Amendment No. 1, December 1 989)

(Amendment No. 1, December 1989) (Amendment No. '1, December 1989)
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5.3.15.2
Delete the first two lines and substitute:

"The basic development length for hooked deformed
bars with l.= 300 MPa shall be computed by:"

v

(Amendment No. 1, December i 989)

NZS 3101 :Part 'l:1982

5.3.32.1
Deletethe second paragraph (top of p.40) and substitute:

"Slabs where deformed bars with f = 300 Mpa are used
.... 0.0020 v

Slabs where bars with f = 430 MPa or welded wire
fabric, deformed or plaiÄ, are used 0.001 B

Slabs where reinforcement with f" exceeding 430 MPa
measured at a yield strain of 0.35 % is used
......... 0.001 8 x a30lf i.

5.3.1 5.3 (a)

Delete and substitute:

"Reinforcement having a lower characteristic yield
srrength other than 300 MPa fy/300"

(Amendment No. 1, December 1 989) (Amendment No. 1, December 1989)

5.3.17.2
Delete the first line and substitute:

"Welds shall not be made closer than 1 0 d^ from bends.
steel bars not conforming to NZS 3a02 shäll not be ..."

5.3.17.1
Add the following:

"ln 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 1 989)

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 NL1 .9...1b9 1 
¿Ð

5.3.36.4
Delete "Crade 275 bar" and substitute "bar with
f = 300 MPa".
v

__tydment NoJf=.bgPfl
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 19t19)

5.4.3.3
Add to the end of the clause : "Welds shall not be made
closer than 10 do frorn bends".

(Amendment No. 1, December 1 989)

(Amendment No. 1, December 1989)

5.3.17.6
Add the following item.

"(e) The properties of hot rolled and in line 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 lo, in
accordance with 5.3.9 and 5.3.10 but not less than

0.067 frdofor frof 430 MPa or less, nor (0.12 f y-22) db

for fn gieater than 430 MPa, nor 300 mm. When the

speiified concrete strength is less than 20 MPa the lap

length shall be increased by one-third".

(Amendment No. l, 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 memberfromthe crit¡calsection of a potential
plastic hinge region in a beam where stress reversal in
spliced bars could occur".

(Amendment No, 1, December 1 989)
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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 stirruptie
so that:

A. d,f ,,

Lr

s 48 fr,

(Amendment No. 1, December 1 989)

NZS 3'101:Part 1:1982

5.5.3.4
Delete the clause and substitute the following:

stresses in the eKreme colunrn bars duringan earthquake
remaln in tension or cornpression over the whole bar
length contained within the joint",

(Amendment No. 1, Decernber 1989)

T
h

c

s.s.2.s(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/f ".

(Amendment No. 1, December 1989)

5.5.2.5(c)
Delete and substitute the following:

"Wherethe axial compressive load, P,'¡n.is greaterthan

0.4 f'rAl the ratio of the maximum diameter of the

longitudinal beam bar to the column depth parallel to

the bar shall satisfy:

5.5.6.1
ln line 2, add the word "shall" after "members",

(Amendment No. 1, December 1989)

6.a.7.1(aX1)
ln the last line, change "400 MPa" to "500 MPa".

(Amendment No. 1, December 1989)

6.a.7.2(al(1)
ln the last line, change "4OO MPa" to "500 MPa"

(Amendment No. 1, December 1 989)

(Amendment No. l, December 'l 989)

6.s.3.3(e)
Add a further sentence as follows:

"The area of stirrup-ties need notsatisfy equation 6-21 ."

(Amendment No. 1, December 1989)

(Amendment No. 1, December 1989)

6.s.a3(aX2)
ln the last line, change "400 MPa" to "500 MPa"

(Amendnrent No. 1, December 19tÌ9)

6.s.4.3(bx2)
ln the last line, change "400 MPa" to "500 MPa"

6.s.3.2(b)
To the end of the sentence add:

nforcement is placed
ion flange of a T or L

at a section sub.iected=;1,.,w,.-'l] (Eqs12,

(Amendment No. 1, December 1989)

s.s.2.s(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 leastthe depth of the beam or 500 mm, whichever is
less, bar diameters up to 1 5hr/fymay be used".

6.5.4.2(b)
Delete and substitute the following:

"Area of longitudinal reinforcement shall not be greater
than 18A./f _except that in the region of lap splices the
total areaosKall not exceed 24As/f;.

(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
15h, /f ',.b'y

(Amendment No. 1, December 1989)

(Amendment No. 1, December 1989)
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6.s.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'ror
6 MPa".

(Amendment No. 1, December 1989)

7.3.2.2
ln lines 6 and 7, change "effective depth less than
300 mm" to "total depth less than 300 mm".

(Amendment No. 1, December 1 989)

7.3.6.1
Change "415 MPa" to "500 MPa"

1, December 1989)(Amendment No.

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 1 989)

NZS 31 01 :Part 1 :1 982

7.5.3.2
Delete the clause and substitute the following:

"The potential plastic hinge regions of a member,
where i n accordanc e wirh 7 .5.2,the I i m itati ons of shear
stress vc 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 1 989)

7.5.4.4
Delete the clause and substitute the following:

"The requirements of 7.5.4.2(b) do not applyto members
in which the minimum axial compression stress on the
gross concrete area/ associated with the maximum
shear on the member, is more than 0.1O f'r, or lo
columns subjected to an axial compression in which
vertical bars are placed along all faces of the section or
in circular atray."

(Amendment No. 1, December '1989)

8.4.2.1
ln line 3, change '7.3.6u lo "7.3.4.3" .

(Amendment No. 
.1, 

December 1 989)

10.1
ln the definition of p¿ , change " ar/bsl' Io " Ar/bsi' .

(Amendment No, '1, December 1989)
7.3.11.3

Change equation 7-231o

' o,,= l'" - Pu 1I'u I
(Amendment No.

13.3.6.2
ln the last line, change "yield stress" to "lower
characteristic yleld strengtl ".

1"
f
v

1, December 1989)

(Arnendrnent No. l, December 1 989)

13.3.s.2(b)
ln line 5, change "410 MPa" to "430 MPa".

(Amendment No, 1, December 1 989):.3.11.6
Change "415 MPa" to "500 MPa

(Amendment No. 1, December 1989)

7.5.2.2
ln line 2, change "end regions" to "potential plastic
hinge regions".

(Amendment No. 1, December 1989)

7.5.3.1
ln line 3, change "end regions" to "potential plastic
hinge regions".

(Amendment No, 1, December 
.l989)
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I NZS 3.1 Ol:Part 1 :1982

APPEND¡X B
B'4.2
Stresses in reinforcement
Delete the clause and substitute the following:

"Tensile stress in reinforcement, f shall not exceed 0.55 t or 200 MPa".

(Amendment No. 1, December 1 989)

88.3.2
Change "415 MPa" to "500 MPa".

(Amendment No. 1, December 1989)

(c) 1989 STANDARDS COUNCIL
STANDARDS ASSOCIATION OF NEW ZEALAND

WELLTNGTON TRADE CENTRE, 181-187 VICTORIA STREET
WETLINGTON 1

r
REQUEST FOR ADVICE OF NEXT
AMENDMENT

Please ñll in the request for the next a.mend.rrent to
this New Zealand Standard and mail to the
Standards Association of New Zealan{ Private Bag,
Wellington.

lf this request slip has not been returned SANZ has
no record that you wish to be advised of future
amendments to this Standard. From l October 1986

a prlcing system for amendments was lnhoduced.

To confirm that the next amendment has been
requested enter details of despatch:

REQUEST FOR NEXT AMENDMENT

NZS 3101:Part 1:1982
Amendment No.2

It more than one copy is required state quantity here . . . COPIES - please
t1,pe or print clearly.

Narne .,...........,.

and.......,.,.........

tuII,,,,,,.,....,.....,

postal ..,,.,,.,,.,.,,

add¡ess ......,..,,.
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CORRICENDUM to Amendment No. 1 to NZS 310't: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:

::T ::::: :::::::i::::::i 1 : 1 3: T:: :å:ffi8
Slabs where bars with f" = 43O MPa or welded wire
fabric, deformed or plairí, are used ..................0.0016

Slabs where reinforcement with f, exceeding 430 Mpa

T:i::1 ï::t::: i::::jIt:t: ;'0i,1 " 430/f;,
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NEW ZEAI.AND STANDARD

THE DESIGN OF CONCRETE STRUCTURES

Part 1

Code of practice for
THE DESIGN OF CONCRETE STRUCTURES

NZS 3101 : Part 1 :1982

AMENDMENT No.2

July 1992

EXPLANATORY NOTE - This Amendment applies when this Standard is used as a Verification Method that
is referenced in Approved Document 81 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 NZS3101:
Part 1 :1982 pursuant to the provisions of section 10 of the Standards Act 1998.

(Amendment No.2, July 1992)

2 DEFINITIONS
Delete the definition of "ENGINEER".

Add a new definition:

"DESIGN ENGINEEB. 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, Juty 1992)

3 GENERAL DESIGN REOUIREMENTS

3.5.6.1
Delete the last words "to the approval of the Engineer",

3.5.12.5
ln line 2 delete the words nto the satisfaction of the
Engineer'.

(Amendment No. 2, Juþ 1992)

4 STRENGTI{ AND SERVICEABILITY

4.5.2
ln line 1 delete the words "NZS 19O0:Chapter 5" and
substitute "the New Zealand Building Code'.

s RETNFORCEMENT- DETAILS, ANCHORAcE AND
DEVELOPMENT

5.3.16.2
ln line 2 delete the words "to the Engineer".

5.3.17.1
ln .line 2 de lete the word "Engineer, and
substitute'design engineer".

5.9.17.2
ln line 2 delete the word 'Engineer" and substitute
'design engineer'.

(Amendment No. 2, July 1992)

s.3.35
ln line 1 de lete the words "When NZS 19OO:Chapter 5'
and substltute'When the NewZealand Building Code".

(Amendment No. 2, July 1992)

9 BEAM-COLUMN JOINTS

9.5.3.3
ln item (b) line 4, delete the words "to the satisfaction of
the Engineer".

(Amendment No. 2, July 1992)

(Amendment No.2, July 1992)
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2 ¡ZS 3101 :Part 't :1982

15 STRENGTH EVALUATION OF
EXISTING STRUCTURES

15.2.1
ln line 4 delete the words "the Engineer may orde/, and
substitute "the capacily may be evaluated by',.

1s.3.2
Delete the clause and substitute:

" Requirements of Code to be met. The
anatysis 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
requiremenls and intent of this Code".

1s.4.1.1
ln lines 1 and 2 delete the words "a qualified engineer
acceptable to the Engineer" and substltute "the design
engineer".

15.6.1
ln line 3 delete the words "the Engineer rnay approve"
and substitute '\he design engineer may nominate".

(Amendment No. 2, July 1992)

@ 1992 STANDARDS COUNCIL
STANDARDS NEW ZEALAND

WELLINGTON TRADE CENTRE, 181.187 VICTORIA STREET
WELLINGTON 1
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NEW ZEAI-AND STANDARD

THE DESIGN OF CONCRETE STRUCTURES

Part 1

Code of practice for
THE DESIGN OF CONCRETE STRUCTURES

APPROVAL

Amendment No.3 was approved on 6 August 1993 by rhe Srandards council to be an amendment toNZS 3101 : Pañ 1 :1982 pursuant to the provísions of sectiôn 1O of the Standards Act 1988.

(Amendment No. 3, August, 1993)

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, 1g93)

3 GENERAL DESIGN REQUIREMENTS

3.s.1.1 (page zz)
At the end of clause 3.S.1,1(a) add the following
senlence:

'Values of the structural ductility factor, p, shall be
given by NZS 4203:1 992 but shall have a maximum
value of 6".

(Amendment No.3, August, 1998)

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 structuralsystems designed in accoidance
with this Standard and NZS 4203, unless a different
value is determined from a çecialstudy.',

AMENDMENT No. 3

August 1993

the design of
main in force
lows designs
for buildings

(Amendment No.3, August, 1993)
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2

4 STFENGTH 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, p, shall be as
follows:

(a) Flexure, with or without axialtension ..,.....,.,..0.gs

(b)Axialtension .,...,...,...0.8s

(c) Axial compression, with or without flexure:
Members with spirals, hoops or special
transverse reinforcement complying with
6.4.7.1(a), 6.a.7.2(a) or 6.5.4.0 ... o.Bs

Other members............. ..............0.65

except that S may be increased linearly to
0.85 as P, decreases from O.1O f cAsto zero.

(d) Flexure in walls subjected to seismic forces
and designed in accordance with 10.S...........0.g5

(e) Shear and torsion ..,..0.7S

(f) Bearing on concrete ..........,......... O.65

(g) Flexure in plain concrete .............0.60 "

NZS 3101 :Part 1:1982

(Amendment No. 3, August, 1993)

O 1993 STANDARDS COUNCIL
STANDARDS NEW ZEALAND

WELLINGTON TRADE CENTRE, 181.187 VICTORTA STREET
WELLINGTON 6001
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