OLEL SY

AS 1310—1987

@ e B
Staglglard!'ll | _. |
Association of
Australia
i
.. T
Australian Standard” |
 |1310—1987 1
STEEL WIRE FOR TENDONS IN
PRESTRESSED CONCRETE
o




AS 1310

Standards

—1987

Association of

{\u_ggralia

ey
dmrem

Australian Standard”
1310—1987

STEEL WIRE FOR TENDONS IN
PRESTRESSED CONCRETE




This Australian Standard was prepared by Committee BD/23, Structural Steel. It
was approved on behalf of the Council of the Standards Association of Australia
on 21 October 1987 and published on 2 November 1987,

The I't;llowlné interests are represented on Committee BD/23:
Australian Institute of Steel Construction Lid
Burcau of Steel Manufacturers of Australia
Confederation of Australian Industry
- Metal Trades Industry Association of Australia
. MNational Association of Australian State Road Authorities

=

Railways of Australia Committee
Steel Reinforeement Pmmm%on Group
- The Institute of Steel Servicé Centres of hustraii&
University of New South Wales
University of Sydney

Review of Ausiralian Standards,  To keep pbeeast af progress in indusiey, Austrafion Standards aee subiject
fo periodic review and are kept up-to-gute by the issee of amendmenis or new editiony ax necessary,
5 anpartant therefore thol Standards users ensure that they are in possession of the fucest edition, and
IR eI ie s thereto,

Pl cherails af all SAA pubiications will be found in the Cotulogie of 5AA Pudlications; this iafonmeation
o seipernenied each otk by 844 journal "The Avsiralion Standurd”, which subscribing members
reveive, ond which pives details of new publications, new editions and amendiments, and of withdrown
Stanidords,

Suggestions for improvemens o Australion Standareds, addressed to the head office of the Association,
are welenmmed, Nedficeiion of auy imeccuroey o ambiguity forumd in an Ausiealion Stendord shonld be
amaide withaud el i ovder that the matter ey be investigared and appropeiote action taken,

This Standard was issued in draft form for comment as DR 85]33.

BReT BR A

*4, i Po B e dan, S, :
AT T T e ar—r ¢orrnses s N e e g



AUSTRALIAN STANDARD

SN

STEEL WIRE FOR TENDONS IN
PRESTRESSED CONCRETE

AS 1310—1987

First publishicd 42
! iRac

PUBLISHED BY THE STANDARDS ASSOCIATION OF AUSTRALIA

STANDARDS HOUSE, 80 ARTHUR ST, NORTH SYDNEY, N.S.W.
ISBN 0 7262 4762 6




AN 1310 — [T 2

PREFACE

This Standard was prepared by the Association’s Committee on Structural Steel to
supersede AS 1310—1972, Steel Wire lor Tendons in Prestressed Concrete (Metric

Units).
This Standard differs from the previous edition as lollows:
{(a) The introduction of the ‘Referenced Documents’ clause.

(b} In the definitions, the terms ‘calculated mass per metre’ and ‘nominal diameter
of indented wire’ are introduded, but the term “patented” 15 excluded.

{c) The term ‘yield strength’ is introduced in lieu of 'proofl stress'.
(d) The marking (identification) requirements are revised.

(¢} Some editorial variations in accordance with current SAA stvle have also been
introduced. Test methods are now in appendices.

%
CONTENTS
Puge

1 SCOPE ... ooi oo vere e 3
2 REFERENCED DOCUMENTS ... 3
3 DEFINITIONS ... 3
4 CHEMICAL COMPOSITION 3
5 WIRE MANUFACTURE 3
. WEEDS e son | s pesm o 3
7 QUALITY OF FINISHED WIRE 3
B DIMENSIONS AND TOLERANCES ... v e e e s 3
9 SPECIFIC REQUIREMENTS FOR STRESS-RELIEVED WIRE ... 4
10 ASSESSMENT OF COMPLIANCE 4
11 TESTING .... 5
12 RETESTS ... .. o uns 6 <
13 ROUNDING OF NUMBERS 6 .
14 TEST CERTIFICATE 6
15 MARKING 6
16 PACKING.... 6
APPENDICES

A PURCHASING GUIDELINES e R T 7

B: BENDETEST 50 Tidid® i it e e wands 8

C RELAXATION TEST ... cier veen nver eeee sves % ovee e 9

E Copyright — STANDARDS ASSOCIATION OF AUSTRALIA 1987

Lisers of Stamdards are reminded thar copyright subsists m all SAA publications, Except
where the Copyright Act otherwise allows, no part of (his publication may be reproduced,
stored in & retrieval system in any form or transmitted by any means without prior permission
in writing of the S1andards Association of Australia. Requests for permission should be
directed to the Head Office of the Association. Where such requests relate to the

reproduction of the whole or a substantial part of any Standard, permission may be ‘
conditional on an appropriate royvally payment.




: _ AN 1310— 1987

STANDARCS ASSOCIATION OF AUSTRALIA

Australian Standard
STEEL WIRE FOR TENDONS IN PRESTRESSED CONCRETE

1 SCOPE. This Standard specifies the requirements
for hurd-drawr!, high-tensile steel wire intended for the
prestressing of concrete.

The Standard provides for the following wire types:

{a) As-drawn condition—round wire only.

(b) Stress-relieved condition—either round wire or
round wire deformed by indenting or crimping,
amd  stress-relieved 1o achieve cither normal
relaxation or low relaxation, as desired.

NOTE: Guidelines 1o purchasers on requirements that should be
specificd by the purchaser and those thar should be agreed at the
e ol iy or onder are given i Appemdin AL

2 REFERENCED DOCUMENTS. The following
Standards are referred to in this Standard;

AS 1391 Methods for Tensile Testing of Metals,

AS 1545 Methods for the Calibration and Grading
of Extensometers.

Methods for Calibration and Grading of
Force-measuring  Systems ol Testing
Machings.

AS 2505.4 Methods for Bend and Related Testing of
Metals

Part 4: Wire,

NMumerical Values—Rounding and
Interpretation of Limiting Values.

AS 21493

AN 2706

3 DEFINITHINS. For the purpose ol this
Standard, the delinitions below apply.

3.1 Caleulated mass per metre—the mass per metre
caleulned from the wire size on the basis of the density
of steel being 7850 kg/m'. g

3.2 Coil—one continuous length of finished wire
wound in close-packed rings.

3.3 Nominal diameter of indenied wire—ihe
dismicter of round wire laving the same nominal cross-
scclhwmal area as that of the indented wire.

NOTLE: The cross-sectional area of indented wire is caleulated
frovm s length measurements (see Clawse 3.1).

3.4 Lot—quantity of finished wire manufactured
under essentially the same conditions and at essentially
the same time. A consignment or shipment may consist
ol one or more lots, or parts thercof,

3.5 Relaxation—loss of load, on a test piece that is
bemg maintained at constant length and constant
lemperature,

4 CHEMICAL COMPOSITION. On check
analvsis, the steel shall have not more than
0.060 percent of sulphur and not-more than
0,060 percent of phosphorus.

NOTE: Movodher limitations are given for the compasition of the

stech. The rensile sirength and oaher reguirements iply that the
wite will be manufactured from a steel of suitable composition,

3 WIRE MANUFACTURE.

5.1 General.  All wire types shall be hard-drawn
from hot-rolled, high-carbon steel rod which has been
treated to make it suitable for drawing.

5.2 As-drawn wire. Hard-drawn round wire in the
as-drawn condition shall be supplied without further
treatment and shall be manufactured in ordinary mill
conls.

5.3 Stress-relieved wire.  Hard-drawn round wire to
be supplied in the stress-relieved condition shall be
straightencd and, where appronriate, deformed by
indenting or crimping, and then siress-relicved by
continuous heat ireatment.

Following the siress-relieving heat treatment the wire
shall be reformed into large diameter coils in accor-
dance with Clause 9.2,

6 WELDS. The finished wire shall not contain any
welds.,

T QUALITY OF FINISHED WIRE. The linished
wire shall have been manufactured 1o the specified
dimensions and shall be sound and free from harmlul
defects such as splits, surface flaws, and piping.
The wire shall not carry on its surface any lubricant,
ol or other matter likely 1o impair its adhesion Lo
conerele or  cement  grout, (see Appendix A,
Paragraph A2(N).
NOYTE - As-deawn wire nonmally carries a residual Gilm of wire-
g Tebawant which may impain o characicrsdics.
Light surface rusting is permissible, provided that no
pitting is visible 1o the naked eve.
Stress-relieved wire, when being uncoiled, shall comply
with the straightness regquirements of Clause 9.1.
As-drawn wire is not intended 1o pay out straight From
the coils,
NOTE: Wire used for betton-heading should be of sunable
gualiny. Button-head splitting should not be considered a cause
lor rejection, if the button anchorage is capable of allowing
developiuent of an least the spevificd mimam temsile strength
ol e wite,

& DIMENSIONS AND TOLERANCES.

8.1 Tolerance on diameter of round wire. The
tolerance on the nominal diameter of round wire shall
be as given in Table 1.

TABLE 1

TOLERANCE ON NOMINAL DIAMETER
OF ROUND WIRES

Nominal diameter Tol
of rond wire R
[T mnm
= 1.l + {1025
=10 < KO + (150
= KA (LTS
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8.2 Tolerance on diameter of indented or crimped
wire,
8.2.1  Indented wire,  The diameter tolerances given
i Table 1, when converted to mass/length values,
shall apply equally 1o indented wire.
NOTE: Conversion of the diameter tolerances to mass/length
values mav be accomplished by means of appropriate tables (based
on steel density of 7850 kg/m?) or by the following equations:
Upper diameter limit: ML = 0006165 (f + AP
Lovwer digimeter limit: AfAL = UGBS (of - Ay
where
ML = mass over length, in kilograms per metre
d = pominal diameter, in millimetres .
A = diameter tolerance, from Table 1, in millimetres.
For tue most commonly available sizes of indented
wire the ealculated upper and lower mass/length limits
are given in Table 2,

TABLE 2

CONVERTED MASS/LENGTH VALUES FOR
DIAMETER LIMITS ON COMMON SIZES
OF INDENTED WIRE

Specified diameter range
converted to mass/Tength

Nominal dismeter
of indented wire

i khi/m

5.0 0.1501 10 0.0572
7.0 02978 10 03064
KA 0.1872 10 0.4020

#.2.2 Crimped wire. The diameter tolerances given

“in Table 1 shall apply to crimped wires.

Diaumeter measurement of crimped wire shall be carried
out on those sections of the round wire undisturbed
I deformation. using, if necessary. a spevially adapted
vucrometer on ather recogamised means.

TABLE 3

8.3 Dimensions of indent.  The depth of indent shall
conform to the limits piven in Table 3.
NOYTE: The shape and configuration of the indents are subjegt
to apreememt  between  purchaser  and  manufacturer, (s
Appendix A, Pacagraph A20d)).
8.4 Depth and pitch of crimped wire. 'I'hul depth
and pitch of crimped wire shall comply with the
following limits where o is the wire diameter:
(a) Shorr pitch crimmp:
G PN v v i
GiA) Depthy s s aiesys
(b) Long pitch crimp:
(i) Pitch
(Y- PN s e m s Srass
9 SPECIFIC REQUIREMENTS FOR STRESS-
RELIEVED WIRE.
9.1 Straighiness. When a length of stress-relieved
wire sampled from a finished coil is placed on a flat
surface, the maximum deviation from a base line,
represented by a L-metre chord, measured from the
inside face of the wire, shall not exceed 25 mm.
For crimped wire, determination of the chord and of

cona Sd 10 VN
0. 104 1o 0,204,

ceo.. B to 12d.
0. 124 10 0,254,

Ahe deviation Trom the chord shall be made from

geometrically similar positions on the inside Tace ol
the wire.

9.2 Coil sizes. The nominal internal diameter of
finished coils of stress-relieved wire shall be as specified
in Table 4,

10 ASSESSMENT OF COMPLIANCE.  Wire shall
be assessed for compliance with this Standard in accor-
dance with Table 3 and Clause 12, as appropriaic,

FABLE 4
NOMINAL INTERNAL DIAMETER OF COILS

TIMIUS ON DEPTIT OF INDENT “aominal Sominul internal dismeter
dinmeter of wire ol cuil
Nominal dismeter of Limits on depth of indent, mm mm m
indented wire
i 3.0 0.3
— ez o 40 1.2or 1.5
5.4 WS 017 5.0 1.2or 1.5
= 50 7 0.0% 0.20 1.0 1.5 or 2.1
=70 0.10 | 0.30 &.0 1.5 ar 2.1
TABLE 5
SCHEDULE FOR ASSESSMENT OF COMPLIANCE
Characteristic specification Sampling Fest mwthiod
Cieneral gualiry Clause 7 — -
[imenszions Clause 8 - Clause §
Straightness* Clause 9.1 - Clause 9.1
lensile sirength Clavse 11.1.,4 Clivase 11.1.2 Clause 11.1.3
Yoeld strengiht Clause 11,15 Claawse 11.1.2 Clawse 11,03 and
Clause 11.1.5
Elongation Clause 11.1.6 Clawse 11.1.2 Clause 11.1.3
Lovnd-stroim curve| Clause 11.1.7 Clanene 11,122 Clawse 11.1.3 and
Clyuse 11.1.7
Bends Clause 11.1.8 Clawse 11.1.2 Clause 11.1.3 and
o Appendix B
Relaxationd Clause 11.2 — Clause 1.2 and
Appendis O
* Applics only o stressorelicved wire, |
P Does tun apply o crimpaed wire,
1 Does not apply 1o crimped wire and as-drawn wire.
COPYRIGHT .
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11 TESTING.
11.1 Tensile and bend tests.

11.1.1 General. The following mechanical
properties shall be determined by the manufacturer
from samples selected in accordance with
Clause 11.1.2:

{a) Tensile strength.

{b) Yield strength.

{c) Elongation.

{d) Load-strain relationship.
(e} Bends.

Test pieces shall not be subjected to any form of heat
tresument subsequent to wire manufacture.

NOTE: Any esting by the purchaser for validation purposes
should be carried oul prior to the cunting for use of any of 1he
wire in the consignment or shipment.

11.1.2  Sampling and frequency of resis.  Sampling
and frequency of testing shall be in accordance with
the following requicements:

(a) Samples shall be taken from one finished coil in
every five coils, or part thereof, in one lor and
tested Tor the following characteristics:

(1) All wire types—tensile strength.
(i) All wire types except crimped wircs—yield
strength, elongation and bends.

(b) Except for crimped wires, one sample shall be
taken from each lot for determination ol the load-
strain relationship.

{¢) The test samples for (a) and (b) shall be taken from
one end of the coil.

td)y The samples shall be of sufficient length for the
tests specified in Clause 11.1.1 and shall be
identified with the coil from which they have been
cut.

11.1.3  Tesr method.  All tensile tests shall be
determined in accordance with AS 1391,

Where an extensometer is required for yield strength
and load-sirain measurements, it shall comply with
AS 1545 and shall not be inferior 1o Grade D.

The bend test shall be performed in accordance with
Appendix B,

For as-drawn wire, any straightening prior to testing
shall be done cold.

For stress-relieved wire, straightening shall not be
permitied prior to testing.

Vb Tensdde strengeh. The tensile strength of the
wire shall comply with the values given in Table 6, as
appropriate.

The tensile strength shall be based on the nominal
diameter of the wire.

11.1.5  Yield strength.  The yield strength of the wire
shall be determined on a non-proportional elongation
of 0.2 percent.

FFor as-drawn wire, t‘t]clyicld strength shall be not less
than 0.75 times the minimum tensile strength specified
in Table 6.

- For stress-relieved wire, the yield strength shall be not
less than (L85 times the mininnom tensile strength
speciiied m Table 6.

NOTE: This test does not apply 10 crimped wire

AS 1310—1987

TABLE 6
TENSILE STRENGTH
1 2 | 3
Mominal dismeler Range of tensile strength, MPa
of wire
mim min. max.
2.0¢ 2000 2250
2.5+ 1850 2100
3.0 1700 1950
3.0 1850 2100
4.0 1700 1950
5.0 1550 1800
5.0 1700 1950
7.0 1550 1800
7.0 1620 1870
7.0 1700 1950
B0 1450 17040
B0 1550 | B(X)

* Manulfactured only in the as-drawn condition.

NOTLES:

I. The minimum tensile strengeh value is used in selecting tendon
sifes Tor design purposes

200 e saesimonm rensile strenpth iy eseeeded, the parchiaser s
e oot oo peqewieng o acvepimg Hhe peodot,

1.6 Elorgation.  The elongation of the wire shall
be determined on a minimum gauge length of 250 mm
and, after fracture, shall be not less than—

{a) for as-drawn wire +i-xs 1.5 percent;
(b} for stress-relieved wire for sizes

2 S R e 2.5 percent; and
(¢) for stress-relieved wire for sizes
2 50MM . esier e 3.5 percent.

NOTE: This test does not apply 1o crimped wire.

11.0.7  Load-sirain  refationship,  The load-strain
relationship shall be established by plotting a curve of
load against strain (or against elongation, as
appropriate) during tensile testing.

MNOITES:

1. This test does not apply 1o crimped wire.

2. Load-strain testing is o be approached with cawion, even
where the laboratory is well-equipped and personnel are skilled.
Resulis ol tests are very sensitive 10 Factors such as evenness
of tensile tester gripping, asiality of loading, and strain rate.
(See AS 1391 for Turther information,)

The modulus of clasticity 15 a material constant. For plain
carbon steel it falls berween 205 GPa and 210 GPa, and the
precise value For o particular specimen depends on its chemical
connpertivn and imicro-strectural condition, The true modulus
is based on the actual cross-sectional area of the specimen
under fest.

For specimens of non-uniform cross-section, such as indented
wire, Jhe modulus of elasticity may be calculated on nominal,
rather than actual, cross-sectional area. Thus a deviation from
the true value of 205 GPa 10 210 GPa may rsuli.
Superimposed on possible deviations in the modulus of
elasticity arising from the above are deviations due 1o
experimental error and 1o permissible calibration errors in
tensile fester and extensometer.

Individual test values which deviate greatly from the norm,
a3 appropriate to the product in question, indicate unacceptable
testing error of perhaps some other aberration. They do not
indicate an abnormality in the quality of the specimen under
lest., V"

11.1.8  femd test. The wire shall withstand three

bends without fracturing.
MOTE: This 1est does not apply 10 crimped wire,

COPYRIGHT
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As 1310—=1987

11.2  Relaxation test.  Relaxation shall not be greater
tlan the Tomits specilicd in Columns 2 and 3 ol
Table 7, as appropriate.
The relaxation shall be determined in accordance with
Appendix. C.
MOVTI S
b 00 as ot sespuareinenl of ths Stamdard thae the wire specilicd
be subjected to the relaxation test. The purchaser may,
however, require the manufacturer to provide, from his records
on similar wire, evidence that the relaxation meets the limits
af Table 7.

2. This test does not apply to crimped wire and as-drawn wire.

TABLE 7

LIMITS OF RELAXATION OF
STRESS-RELIEVED WIRE

1 2 | 3
Maximum percentage relaxation at 1000 h
- ) from a minimum initial siress of
“m::“‘;"d 0.70 times the 0.80 times the
wire minimum tensile minimum tensile
strength specified sirength specified
in Table 6 in Table &
MNormal 6.5 B.5
| ow-relaxation 2.0 1.0

12 RETESTS.  Any retesting shall be carried out in

accordance wiih the following requirements:

{a) If any test sample fails to comply with the tests
specified in Clause 11.1, two further test samples
shall be taken from the same emd of the coil in
Juestion.

(b) The coil shall be deemed to comply with
Clause 11,140 the test results from both additional
samples comply with Clause 11.1. The coil shall
be deemed not to comply with this Standard if one
or both test results from these additional samples
Cail 1o comply with Clause 11,1,

{c) The lot or consignment, as appropriate, shall be
decmed not to comply if the test results from any
of the samples taken from two additional coils
selected at random from the remainder of the lot
or consignment do not comply with this Standard.

{(d) The remainder of the coils in the lot or
consignment, as appropriate, may be tested
individually, and each individual coil shall then be
deemed 1o comply only if test results for a sample
taken from it comply with this Standard.

13 ROUNDING OF NUMBERS. For the purpose
of deciding whether a particular requirement of this
Standard is complied with, the determined value,
abserved or calculated, shall be rounded off in accor-
dance with AS 2706. The number of significant places
retained in the rdunded-off value shall be the same as
that of the specified value in the appropriate material
Standard.

14 TEST CERTIFICATE. The manufacturer shall
provide a test certilicate showing the results of tess
performed for the purpose of establishing compliance
with this Standard.

The test certificate shall include a load-strain curve
representative of the lot and show which grade ol
extensometer was used in its determination.

Where applicable, data on the chemistry of the
material supplied shall be included with the test
certificate.

MOTE: I the purchaser requires data on the chemisiry of the
material 1o be included with the tes: certificate, he should so
specify in his enquiry or order (see Appendix A,
Paragraph A2(g)). )

15 MARKING. Each coil shall carry durable labels
giving the following details:

(a) A description of the material.
{(b) The nominal size of the wire.

{c) The appropriate range of tensile strength specified
in Table 6.

(d} The coil number.

NOTE: Manufacturers who place the number of this Australian
Standard on products, or on packaging or lnerature related
thereto, should cnsure that the products are manufactured o
comply with the Standard.

Attention is particalarly drawn (o the scheme for independent
assurance provided by the StandardsMark which is a registered
certification trademark owned by the Standards Association of
Australia and which is available for use with suitable Australian
Standards.

The presence of the StandardsMark on oo in relation to a product
i an assuranioe that The goods have been produced under a systom
of supervision, control and testing apphed during manufacture
and including periodical inspections at the manufacturer’s works
in accordance with the certification mark scheme of the SAA.

The StandardsMark can be used ouly by manufacturers lvensed
under the certilication mark scheme operated by SAA, and only
when accompanied by the number of the relevant Australian
Standard. It will usually be a requirement that the words “Manu-
factured to Australian Standard” accompany the munber ol the
Siandard and enclose the Mark as shown below; however, this
is a maner for ncgotiation with the Association.

Further particulars of the terms of licence and suitability of this
Standard for cenification purposes may be obtained from the
Quality Assurance and Certification Department, Standands
Association of Australia, 80 Arthur Street, North Sydney,
MN.5.W., 2060,

<0 aUS TQ
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16 PACKING. The coils of wire shall be securely
strapped or tied to prevent distortion in transit.

The wire shall be protected from damage daring
transit.

COPYRIGHT
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APPENDIX A
PURCHASING GUIDELINES

Al GENERAL. Australian Standards are intended to include the technical
provisions necessary for the supply of the material referred to in the particular
Standard, but do not purport to comprise all the necessary provisions of a contract,
In a number of cases the purchaser is either asked to state his requirements or given
a choice of optional requirements, and these are contractual matiers to be agreed
upon between the purchaser and the supplier.

This appendix contains detailed explanation, advice and recommendations on the
information to be supplied by the purchaser at the time of enguiry or order.

Its aim is to avoid misunderstanding of the product requirements and it should result
in the purchaser’s receiving satisfactory material and service.

A2 INFORMATION TO BE SUPPLIED BY PURCHASER.  The purchaser shall

supply the followving information with s onder!

(a) Mame of product, including reference o this Standard.

ﬂu The nominal diameter of the wire (see Clause 8).

(¢} The type of wire (see Clause 1), i.e. whether it is as-drawn or stress-relieved,
normal or low relaxation, and whether it is round or deformed.

(d) The shape and configuration of the indents for indented wire.

(¢) The guantity. :

(17 Whether the material to be supplied is to be provided with a temporary or
permanent coating, and, if’ so, the type of coating.

(g) Other requirements, e.g. relaxation, chemistry data.

Al FACILITIES FORTESTING. Normally, manufacturers provide and prepare

the necessary samples, supply labour and appliances for any testing required to ensure
compliance with this Standard and lor any special testing required by the purchaser.
Material for testing remains the property of the manufacturer unless otherwise agreed.
Ad  INSPECTION. Inspection at the supplier's works may be a statutory
requirement or may be considered desirable for i first run ol material, but is usually
not otherwise requested, since the purchaser may reject the product if faults are
revealed in subsequent processing.

If it is the purchaser’s intention to undertake any ol the following functions at the

supplier's works, this should be notified at the time of enquiry or order, and should
be accomplished in a manner which will not interfere with the operation of the works:

(a] Inspection of the praduct.
(b) Selection and identification of test samples.
{c) Witnessing ol the tests.

COPYRIGHT
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