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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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INTERNATIONAL STANDARD ISO 19427:2019(E)

Steel wire ropes — Pre-fabricated parallel wire strands for
suspension bridge main cable — Specifications

1 Scope

This document specifies the production methods, specifications, requirements, test methods, inspection
rule . ITTe; I = I I nd (PPWS),
which are made of hot-dip galvanized or zinc-aluminium coated high tensile steel wires)flescribed in

ormative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, onlyJthe edition cited [applies. For
unddted references, the latest edition of the referenced document (in¢luding any amendments) applies.

ISO 148-1, Metallic materials — Charpy pendulum impact test —Pgrt 1: Test method
ISO 4986, Steel casting — Magnetic particle inspection

IS0 4992-2, Steel castings — Ultrasonic examination — Parit 2: Steel castings for highly stressed components
[SO §892-1, Metallic materials — Tensile testing — Rart 1: Method of test at room temperaturg
[SO 10474:2013, Steel and steel products — Inspection documents
ISO 17558:2006, Steel wire ropes — Socketing procedures — Molten metal and resin socketing

ISO 19203, Steel wire rod and wire products — Hot-dip galvanized and zinc-aluminium coated steel wires
for bridge cables — Specifications

EN 1§74, Zinc and zinc alloys —Alloys for foundry purposes — Ingot and liquid

3 Terms and definitions
For the purposes©fthis document, the following terms and definitions apply.

ISO gnd IEC majntain terminological databases for use in standardization at the following gddresses:

— ISO.Qnline browsing platform: available at https://www.iso.org/obp

inFaza | 4 q dalal £l L/ 1 i - L
— LU TICTTI UPTUTA. avdITdUTC dUTITt Y. 77 W W VW.CTCT LT UPTUTA.UT 57

31

pre-fabricated parallel wire strand

PPWS

strand factory pre-fabricated by assembling a group of wires laid parallel in a hexagonal (regular or
irregular) shape, bound together at intervals by binding tape, and fitted with sockets (3.3) at each end

Note 1 to entry: The section and the structure of PPWS is shown in Figure 1.

© IS0 2019 - All rights reserved 1


https://www.iso.org/obp
http://www.electropedia.org/
https://standardsiso.com/api/?name=33f1a97dca8b56c4c37b532cd73a4a79

ISO 19427:2019(E)

1 2 3
— - ~
- - ] H - —F— - H 1] FT= -
L e

b

Key
1 socket ds1 hexagon diagonal distan¢e-{across corners), in
2 binding fape dsz hexagon width distance.(across flats), in mm
3  PPWS a  Cross-section of strand (without binding tape).
4  gauge wire b Cross-sectionf strand (with binding tape).
5  coloured wire (red)

Figure 1 — Diagram of structure of PPWS
3.2
binding tape
plastic tape|reinforced by plastic fibres

Note 1 to ent
open or spred

3.3
socket

ry: The tapes are bound at intervalsito keep the shape of strand tight and can permit the wi
1d sufficiently to adjust the stresses in the strand during reeling and unreeling.

PPWS (3.1) termination incorperating a socket basket (3.5), see Figure 2

mm

res to
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N

]

N

¢verall basket length [tapered portion plus parallel portion(s)yif applicable, plus radius at rope ¢
tapered portion of socket basket

parallel portion of socket basket and any radius at strand-entry

dngle of tapered basket

diameter at strand entry

Figure-2— Typical socket basket

Note [l to entry: Length adjusting system shall be provided at connection between PPWS socket a
strucfture.

3.4

sockieting medium
molten metal alloy ogresin

3.5

socket basket
tapefed portion of a socket (3.3) within which the evenly splayed out wires are secured

3.6

ntry|

hd anchorage

PPWS grade

Rm

level of requirement of nominal tensile strength grade which is designated by a number

EXAMPLE 1770,1960.

Note 1 to entry: PPWS (3.1) strength grade correspond to the strength grades of the wires in the PPWS. It is
expressed in MPa.

3.7

nominal wire diameter

d

nominal diameter of the perpendicular cross-section of the steel wire after coating

Note 1 to entry: It is expressed in millimetres.

© IS0 2019 - All rights reserved
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3.8

nominal metallic cross-sectional area

A

design value obtained from the sum of the metallic cross-sectional areas of the wires in the PPWS (3.1)
based on their nominal diameters:

A:Edzxn
4

where n is the number of steel wires composing PPWS

Note 1 to entfyrttisexpressedimmmz:

3.9
nominal breaking force
Fn
value of mirfimum breaking force based on the nominal wire sizes, wire tensile strength'grades fgr the
PPWS (3.1) ¢lass or construction as given in the manufacturer's design, which is obtained as follows:

Fhn=RmKgA/1000

Note 1 to entfy: It is expressed in kN.

3.10
measured breaking force
Fm
breaking foice obtained using a prescribed method

Note 1 to entfy: It is expressed in kN.

3.11
nominal PAWS length mass
m
mass of unif length of PPWS (3.1) obtained.frem the product of the nominal metallic cross-sectionallarea
(3.8) and density of steel wires after coating and calculated as follows:

m=Axlyw

where Yy is|the density of coated steel wire
Note 1 to entfy: It is expressSed’in kg/m.
Note 2 to ently: yy is€xpressed in kg/m3 (see ISO 19203:2018, Annex C).

3.12
unstressed|length
length whichcorresponds to the actual length without load supplied using a prescribed method

3.13

free length

Lo

cable length excluding socket (3.3) lengths, which is the length between the front faces of sockets

Note 1 to entry: It is expressed in m.

3.14

gauge wire

wire used to control the length of the PPWS (3.1) during manufacturing, which is measured and marked
under specific marking load while temperature is uniform

4 © IS0 2019 - All rights reserved
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coloured wire
wire used to check twist condition of PPWS (3.1) during construction, which is painted with distinct
colour on its total length

3.16
unit

of product

set of 20 pieces of PPWSs (3.1) subsequently produced

4 Designation of product

The PPWS shall be ordered in accordance with this document and be designated as followis

a)
b)
c)
d)
e) |
f)

EXAN
is deq

ISO 1
wher]

EXAN
and g

ISO1

wher]

5 1

5.1

The
shall
resp

SO 19427,

PWS;

ominal diameter of steel wire, in millimetres;
umber of steel wires composing PPWS;

PPWS grade;

oating type:

IPLE1 A PPWS made up of 91 pieces of zinc coated steelwires with diameter of 5 mm and g
ignated:

D427-PPWS-5,00-91-1770-Zn
e Zn is hot-dip zinc coated.

IPLE2 A PPWS made up of 127 pieces ofzinc-aluminium alloy coated steel wires with dian
rade of 1860, is designated:

D427-PPWS-7,00-127-1860-ZnAl

e ZnAl is zinc-aluminium alloyycoated.

Requirements

Traceability

traceability’ shall be done from the beginning to the end of manufacturing. The m
use suitable means to ensure the conformity of products and identify the status of pr

ectto monitoring and measurement requirements throughout production and delivery,.

rade of 1770,

eter of 7 mm

anufacturer
oducts with

The manufacturer shall control the unique identification of the products, and shall retain the

docu

5.2

mented information necessary to enable traceability.

Lengths and fabrication tolerances

5.2.1 The gauge wire shall be in the outside of the PPWS. The total length of the PPWS and all measuring
points for the sockets, saddles and the key point such as main span middle point and side span middle
point shall be marked on the gauge wire under specific marking load while temperature is uniform. The
length of gauge wire shall take into account elongation, sag correction and temperature correction based
on unstressed length of the cable.

The tension load shall be varied according to the wire diameter. For 5 mm diameter wires, the load

shall

© ISO

be more than 50 kg. For 7 mm diameter wires, the load shall be more than 100 kg.
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5.2.2 The gauge wire tolerance of the total length shall be within (Lo / 15 000) for lengths more than
30 m. The tolerance shall be within 2 mm for total lengths less than or equal to 30 m. The length tolerance
between the marks of the gauge wire shall be within (Lo / 15 000) or 2 mm, whichever is greater.

5.2.3 The coloured wire shall be in the outside of the PPWS to check the twist condition of the PPWS
during the erection process. The coloured wire shall also be made by covering the steel wire with colour
paint, such as red, along the total length.

5.2.4 The mark of the total length of the PPWS and all measuring points for the sockets, saddles and
the key points such as the main span middle point and side span middle point shall be transferred and

marked accq

5.2.5 Tole

" b =l 1 Ll -
TUIg LU UIT HIdI K UT'UIT 5dUgT WITT.

rance for the total length of the PPWS is composed of allowances associated

manufacturing of gauge wire and socketing. The allowance for gauge wire is #(1/15 000\Lg) or 2

whichever if

NOTE In|
shrink cause
draw in an ajf

5.3 Mate
5.3.1 The

5.3.2 Whq
shall be agrj
properties,

manufacturg

5.3.3 The
other non-d
conditions 4
socket to be
and purchag
purchaser.

5.3.4 For

greater. The allowance for socketing is +5 mm.

case of using Zn alloy as a filler material, the alloy shrinks at ambient temperature. As a resul
5 initial cone draw when PPWS are loaded. The manufacturer needs to-minimize this initial
propriate way, such as pre-compression from a back face of a socket cone-

rial and manufacture
wires of PPWS shall conform to ISO 19203. Welds are not allowed in the wires in PPWS

n placing the order, the purchaser may nominate*the material of sockets. Socket ma
eed between the purchaser and manufacturers The chemical composition and mechg
such as tensile and Charpy properties, shall be agreed between the purchaser
A

socket castings shall be subject té-wsual, magnetic particle and ultrasonic inspection
estructive examinations (such as)liquid penetration, radiographic etc.) shall be do
greed at the time of enquirysand order. The severity levels for every method, areas d
tested, percentage and/or-\frequency of testing shall be agreed between the manufac
er. The acceptance critéria (severity level) shall be agreed between the manufacture

pach socket, wherever transitions cause stress concentrations, transitions shall general

rounded and machined. Edgeés on the sockets shall be rounded to make them suitable for zinc coati

painting. Sp

5.3.5 The

pcification for'corrosion protection of socket shall be specified by the purchaser.

socketing medium is as follows:

Zinc-co

with
mm,

[, this
cone

rerial
nical
and

The
ne in
f the
furer
- and

ly be
ng or

0-2) 0% Cy-

7 7 7 T — 9= /U

Al, (1,4 £ 0,2) % Cu and the rest, of Zn.

of resin

shall meet the requirements of ISO 17558:2006, Annex C.

The manufacturer may use other socketing medium if the purchaser agrees.

Zinc-aluminum-copper alloy: ZnAl6Cul in accordance with EN 1774, which contains (5,8 + 0,2) %

The resin compound material may be used in the socketing medium of PPWS. The physical property

5.3.6 Bundles of steel wires shall be wrapped by binding tape to form the shape in hexagon as in
Annex A. The binding tape interval distance is 1,5 m to 2,5 m. Typical sectional dimensions are given in

Annex B.

© ISO 2019 - All rights reserved


https://standardsiso.com/api/?name=33f1a97dca8b56c4c37b532cd73a4a79

IS0 19427:2019(E)

5.3.7 The binding tape shall have sufficient strength to confine the wires of the PPWS during reeling
but it shall permit the wires to open or spread sufficiently to adjust for the stresses in the PPWS during
reeling.

5.3.8 During socketing, the following requirements shall be met:

The individual steel wires of each PPWS shall be splayed out and cleaned.

Inserting the PPWS bundle end into the socket. Concentricity of the PPWS and the socket shall be

optimized by positioning and alignment of PPWS axis and socket axis.

Thewiresshattbeeventy distributed-withimrthe corre:

The wires shall be securely clamped together so that the wires do not slip during&ockg

5.3.9 After socketing, the following requirements shall be met:

The socket basket is filled to the top with the socketing medium.

The back of the molten metal cone shall be pressed into the socket with a load of n

diameter jacking head, the pressure being maintained for 5 mjn:

Initial cone draw in the resin socket assembly shall be<removed by proof loading of
neans.

angle deviation shall be no more than 0,5°.

5.3.10 The PPWS shall be coiled or reeled on-a drum or frame. The coiling or reeling di
meet the following requirements:

The coil or reel diameter shall be larger than 1,8 m for PPWS of 5 mm diameter wires.

The coil or reel diameter shall be larger than 2,1 m for PPWS of 7 mm diameter wires.

NOTH The PPWS is composed/of wires: an inner diameter of a coiled or reeled PPWS can b
considering the diameter of wire:

5.4

Mechanical pteperty

5.4.1 Tensileproperty

The measuréed breaking force of the PPWS shall be equal to or greater than the nominal br
of the PPWS. The typical nominal breaking force are given in Annex C.

ting.

ot less than

%0 % of the nominal breaking force or 1,1 times the service load‘of the PPWS applied by a suitable

alternative

The axis of the PPWS and the front surface of the soéket shall be at a right angle in any direction. The

hmeter shall

e changed by

paking force

5.4.2 Modulus of elasticity

The modulus of elasticity shall be (200 * 10) GPa.

5.4.3 Fatigue property

If requested, the fatigue property of the PPWS shall meet the following requirements.

— Theload cycle is 2 x 106, the upper load is 0,45 x Fy, the stress range shall be 150 MPa according to

the PPWS strength.

Break is allowed in a maximum of 5 % of the total number of wires.

© IS0 2019 - All rights reserved
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— After the fatigue test, the PPWS shall be taken to tensile failure and the failure load shall be not less
than 95 % of Fy, or as agreed between manufacturer and purchaser.

NOTE The PPWS is generally used for the main cables of suspension bridges. The ratio of live loads which
work to the main cable is small because most loads are dead loads consisting of the weight of the cable wires
themselves and the deck. Therefore, the fatigue test is not required for the materials of the main cable. The
fatigue test is a special requirement.

6 Test methods

6.1 Mate

L. N b
Idl LTS

The socket ghall be tested as below:

Chemic reed

betwee

1 testing shall be done to verify steel composition per the specified casting standard ag
h the manufacturer and purchaser.

Materiall tests of socket shall be tested in accordance with the requirements and the follo
testing methods: ISO 6892-1 for tensile testing and ISO 148-1 for Charpy-Vdmpact testing.

wing

The ultifasonic tests and magnetic particle tests shall be done accordingto [SO 4992-2 and ISO 4986.

The socket appearance shall be inspected by visual means.

The oth 1 the

manufa

er non-destructive examination shall be done according to the agreement betweel
Cturer and purchaser.

6.2 Tensile test of PPWS

6.2.1 Asa
test.

6.2.2 Tens
medium) at
or socket m

has been achieved, the force shall be-applied at a rate of not more than 0,5 % of F,, per second.

6.2.3 Ifre

ple from each PPWS unit of product shall be fixed to the sockets and subjected to the tdg

ile test shall be loaded until 5 % wire breakage (including wire pulled out from the sock
least or socket broken/socketing medium broken occurs. The load at which the wires, s
edium break is Fy,. The teéstforce shall be applied steadily during the test. After 80 %

quired tensile load has not been reached when a single wire breaks, allow test to con

nsile

eting
bcket
of Fy

finue

been
ould

until the required load is‘met or multiple breaks occur, confirming maximum load possible has
reached. The broken wireumber should be less than 5 % of wires of PPWS. The maximum load s}
not be less than nominal breaking force of PPWS.

6.2.4 Ifth
force, the PH

e breaking of more than 5 % of wires of PPWS occurs at a force less than the nominal bre{
WSis rejected.

hking

The tensile test shall be performed on three samples taken from the same unit of production from the
same steel wire coils. The remaining PPWSs are accepted only when all the measured breaking force of
three tests achieve no less than the nominal breaking force.

6.3 Modulus of elasticity

The modulus of elasticity shall be determined from the slope of the linear portion of the force-extension
diagram in the range between 0,2 Fy, and 0,6 Fy, divided by the nominal cross-sectional area of the test
piece. The interval for determining the modulus of elasticity shall be 0,05 Fy,.

The slope may be calculated either by a linear regression of the measured data stored in a data storage
facility or by a best-fit visual technique over the above-defined portion of the registered curve.

© ISO 2019 - All rights reserved
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The gauge length of the extensometer used in the test shall be at least 2 m.

6.4 The test of socketing process

The following items shall be checked:

— The socket basket is filled to the top with the socketing medium.

— The axis of the PPWS and the front surface of the socket shall be checked by angle ruler.

— Measure the distance between socket and socket mark (Lgs in Figure 3) by ruler after socket cone

nLasclinag

pressTEE
1
[~
Ls LS
a
Key
1  docket mark
Ls length tolerance of socketing
'

[otal length of PPWS Lo (1 + 1 15 000).

Figure 3 —(Measure length

6.5 | Fatigue test

6.5.1 Testing shall be carried eut on the completed PPWS, including original sockets| and socket
medjum. The free length of test'specimen shall be minimum 3,0 m.

6.5.1 The specimen is.mounted in the testing machine. The test specimen shall then be| loaded to a
maximum force of 0,457F;. Subsequently, the specimen is subjected to a fatigue test with|two million
load [cycles, and an-aXial stress range 150 MPa. After the fatigue test, the PPWS shall be tensioned to
95 94 of F,, or as agreéd between manufacturer and purchaser.

7 Inspection

7 1 Incnoection-andincnoaction documaoantc
. IO PCCaoTon O pttaon Gotuamires

Inspection shall be carried out by manufacturer in accordance with Clause 6 before delivery. The
inspection documents shall be based on inspection certificate 3.1 or 3.2 of ISO 10474:2013. A type of
the inspection certificate shall be agreed between the manufacturer and purchaser.

7.2 Acceptance unit, number of samples and test pieces

The finished PPWS products shall be sampled and tested in accordance with Table 1.

© IS0 2019 - All rights reserved 9
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Table 1 — Frequency of sampling and testing of PPWS

Property Frequency of sampling and testing
Dimension 100 %
Appearance 100 %

Mechanical test 1 per heat treatment charge and casting

Socket Chemical test 1 per casting charge
Magnet particle inspection Agreed between manufacturer and purchaser
Ultrasonic test Agreed between manufacturer and purchaser
Coating +6-%
Length Gauge wire length each gauge wire

Socketing length each socket

Tensile property 1 per 20 pieces

Modulus of elasticity 1 per 20 pieces

Fatigue test Agreed between manufacturer ahd purchaser

Jocketing medium quantity Every socket

Perpéndicularity of socket and PPWS Every,sacket

7.3 Evaluation of test results for mechanical, chemical, and eoating properties

The materigl shall be deemed to conform to the requirements of\this document if all the results qf the
tests comply. If these conditions are not met, then the followingprocedures shall apply:

a) When results for the properties specified by a minimum and or maximum value do not confofm to
the requiirements, then two additional samples shall’be taken from the unit of product concgrned
by each|failed result and these shall be tested for the property concerned.

b) Ifthe two additional results conform to the requirements of this document, then the unit of prgoduct
shall be|deemed to conform to this docunient.

c) If one o more of these additional tests'does not conform to the specifications, the unit of prgduct
concerned shall be rejected. In addition, all units of product from the last good result until the next
good repult shall be tested for the defective properties.

All units of product with nansconforming results shall be rejected and the manufacturer [shall

immediately

7.4 Sortil

ng and reprocessing

r take measures fo,determine the reason and rectify the fault.

The manufdcturerthas the right to carry out sorting or reprocessing of non-conforming products,
either beforg of\after retests, and to submit these products as a new test unit in accordance with 7.2.
Manufacturgrshall report non-conforming products to the purchaser before sorting or reprocegsing.
If the inspection results conform to this document and is agreed by the purchaser, these products can
be delivered as qualified products. If requested, the manufacturer shall inform the purchaser which
method of sorting or reprocessing is used. The manufacturer shall state such manner of the sorting and
reprocessing in the method statement and get the approval from the purchaser.

8 Identification and marking

8.1 Each PPWS shall be legibly and permanently marked with the PPWS serial number. The marking
detail shall be in accordance with agreement between the purchaser and manufacturer.

8.2 Each socket shall be permanently marked with marks or symbols that provide identification with
the manufacturer’s certificate of test.

10 © IS0 2019 - All rights reserved
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8.3 The identification marking shall not affect the performance of the socket and PPWS.

8.4 Each PPWS shall be delivered with metal or plastic labels attached on which is shown the
relationship between the internal production number of the PPWSs and the identification number of the
sockets, enabling to trace all the information of the cable wire to be used and of the test results, and are
stamped.

9 Storage and handling

9.1 FhePPWS shall be delivered and stored-inawrappedconditionsothatboth PPWS and socket are
protécted against mechanical wear and tear, precipitation and similar.

9.2 | During storage, the PPWS shall be protected against rain and long-term exposure tp hot-humid
envifonments. Storage condition and inspection interval shall be agreed between manufacturer and
purchaser.

9.3 | Each PPWS shall be handled with utmost care during storage and handling.

10 Transportation

Trangportation of the PPWS in connection with reloading shall take place in such a way thpt the PPWS
is noE damaged. In this respect, it is important to take into account the capacity of cranep and lifting

equipment and possible loading restrictions on quays; roads, bridges, etc., and the shppe of such
elements. In addition, it shall be ensured that the PRWS cannot be displaced or start rdlling during
trangportation and storage.
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Annex A
(normative)

Cross-sectional layout of PPWS
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