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SPECIFICATION P-139:80
FABRICATION OF STEEL STRUCTURES.

AMENDMENT NO.J), DATED: 3RD OCTOBER,1982.

Clause 4.3

Add the following para at the end of clause 4.3

"For the high tensile steel (yield point
equal or higher than 35 kg/mmz) holes shall
be dirgetly drilled at the definitive dia-
meter or punched and reamed out; The
difference between the punched and reamed
diameter shall be at the minimum 4 mm.

Clause 4.6

The following para is to be added at the end of
the clause 4.6.

"Diameter of a punch hole shall not vary in
all the thickness of the member or gusset.
The difference betwzen both hole diameters
on each face of the piece shall be lower than
the tenth of the punched thickness, with a
maximum of 1.2 mm. For the thickness lower
than 5 mm, maximum difference is fixed at
5 mm. " 3

Clause 7.2.1

Delete the clause 7.2.1 and add the following:-

1. Visual examination

2., Varification of dimension and weight
3. Assembly test

4. Chemical Composition (check analysis)
5. Tensile Tests

6. Bend tests

7. Impact tests

. 8. Galvanizing tests

Clause 9.8

Add the following after clause 9.7
Impact Tests

"The test shall be performéd in accordance
with ISO 630."

P-139:



2.2
2.2.1

2.2,1.1

SPECIFICATION P-139: 80

FABRICATION OF STEEL STRUCTURES

FOREWORD

4
This standard has been introduced by WAPDA and has
been prepared by the transmission line section of
the office of the Chief Engineer (Design).

This standard is intended only for the purpose of

technical specification to facilitate fabrication

of steel structures and does not include provision
of contract.

This specification is subject to periodic revision
as and when required,

SCOPE

This specification covers fabrication, galvanizing,
testing and packing of transmission line towers and
sub-station structares.

STEEL

In fabricating strictures the contractor shall use
structural steels naving chemical composition and
tensile properties as specified. The steel shall be
made either by open hearth, basic oxygen or electric
furnace. process.

Requirement

Chemical Composition

The steels shall conform to thé following chemical
composition.

B R R

Composition Percent
Element

. High

Mild Steel Tensile Steel
Carbon 0.26 0.20
Manganese 0.85 1.35
Phosphorus Max, 0.04 0.04
Sulphur Max. 0.05 0.05
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2.2.1.2 The Contractor may propose structural steel conform-
ing to latest applicable industry standards specifi-
cation and recommended practices having different
chemical compositind provided such steel has the yield
point and min. elongation as specified in clause 2.2.2.
In this case the type and specifications of steel will
have to be approved by WAPDA, The following informa-
tion shall be supplied by the Contractor:

Ultimate tensile strength

Minimum Guaranteed yield strength
Minimum elongation

Detail of test piece

bhemical Composition

2.2.2 Tensile Properties

The steels shall conform to the requirements as to
tensile properties prescribed below.

Mild Steel High Tenmsile
Tensile strength
kg /mm2 A
Minimum : 40 50
Max imum ' 56 80 .
Yield points kg/mn:° .
Minimum 3 26 . 35
. Elongation in 200mm guage .
length percent, minimum
Upto 8mm &thickness 16 15
Over 8mm thickness 20 : 18

2.2.3 Bend Test Requirement

The steels shall withstand the following Bend Test

" Requirements.
. Ratio of bend dia-
reh Thicknese °f meter to thickness
. for specimen
Mild Steel Upto 25 mm B §
High Tensile

Steel Upto 25 mm 2

P-139:80.



NUTS AND BOLTS

All bolts and nuts shall be made from mild steel to
WAPDA Specification )-19 and shall be of size M 16.
The bolts shall be provided with one flat washer
under each nut.

Washers shall not bé¢ less than 5 mm thickness and only
one thickness of washer shall be used. The diameter

of -the washer hole shall be 1.5 mm larger than the

bolt diameter and the outside diameter of washer shall
not be less than 1.5 mm larger than the diagonal of

the nut. All connection bolts, nuts, lock nuts and
washers shall be furnished in excess of actual number . .
required in quantity at least 5% greater than actual
requirements sufficient to compensate for normal field
losses.,

FABRICATION

All fabrication shall be performed according to approv-
ed drawings in a thorough and workman like manner in
accordance with the best practice of a modern shop. All
Btructural material shall be straight and cleaned of all
rust and dirt before being laid out or worked in any
manner. Necessary straightening shall be done in a
manner that will not injure the material. Sharp kinks
or bends shall be a :2ause for rejection.

In shearing and punching only sharp dies and punches
shall be used, shearing and punching shall be done to
guage and no variation in length shall be allowed except
where otherwise noted on the shop detail drawing. No
variation shall be allowed in a group or cluster of
holes, and the centre to centre distance between the
end holes in a piece shall not vary more than 1 mm.

Bolts holes shall be 1.5 mm to 2 mm larger than the
normal bolt diameter. Bolts holes shall be cylinderical
and perpendicular to members, shall be clean out and
without torn or ragged edges and shall be free of burrs,
rough edges, and punch cracks. Holes shall be accurate-
ly located and well matched.

Welding

All.welding shall be performed in accordance with the .
latest edition of the !"Code for Arc and Gas Welding

in Building Construction," as formulated by the American
Welding Society. A shield-arc welding process shall be
used. All welds shall be as shown on the drawings and
shall be made in such a manner that residual shrinkage
stresses will be reduced to a minimum,
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Marking

All structural members shall be marked with the correct
designation shown cn the shop drawing. Marking shall
be done by stamping the members prior to galvanizing
with numerals or letters of 12 mm minimum height, and
shall be clearly legzible after galvanizing.

Tolerances

Ease of assembling the structure in the field is of
utmost importance. The structure shall be so manufac-
tured that 211 members carrying the same mark shall be
interchangable when assembled. The structure shall fit
without undue pressing and no reaming or drifting of
holes shall be required. When erected, the structures
shall not deviate from the vertical by more than 1/300.

The Contractor shall be responsible for the correct
fitting of all parts and shall replace free of cost any
defective materials discovered during erection and shall
pay all costs of the correction in the field of any
errors not previously discovered.

The Cross sectional area or weight of each structural
size shape shall not vary more than 2. 5% from the theo-
ratical or specified amounts.

The permissible variation from dimensions for structural
size steel shapes shall not exceed the prescribed limits
in ASTM A6. !

GALVANIZING

After all the shop work is complete, all structural
materials shall be hot dip galinized to conform to WAPDA
Specification P-82, Prior to galvanizing the material
shall be drilled, punched, cut or otherwise fabricated
as required, freed from burrs, cleaned and thoroughly
prepared, so that the zinc coating shall be adherent,
dense, smooth, continuous and uniform. It shall also
be completely free from lumps, blisters, uncoated or
porous spots, black spots, dross, flux or any other
imperfection. All structural steel warped by the gal-
vanizing process shall be straightened by re-rolling or
pressing. The material shall not be hammered or other-
wise straightened in a manner which may..injure the
galvanized coating.

All bolts and nuts shall be hot dip galvanized includ-
ing threaded portions in accordance with WAPDA Specifi-
cation P-82., Nuts .shall have finger tight fit on bolts
and develop the full strength of bolts. “"

¢
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5.2

Brittleness

All necessary precautions shall be taken in the com-

‘position of steel and in its fabrication and prepara~

tion for galvanizing to prevent embrittlement of any
item or parts of items including bolts and nuts. For
detecting embrittlement WAPDA Specification P-82 shall
be followed.

J

SIGN PLATES

All the sign plates shall be fired ceramic surfaces on
steel base plates. The ceramic enamel shall completely
cover the front and back of the plates and also the
edges of plates and the interior edges of the attachmer
holes. . The enamel around the holes shall be protected
by means of fibre washers.

TESTS

Manufacture's Tests

The Manufacturer shall select two samples from each
heat to carry out the following tests to satisfy himsel
,that the products comply with the specification.

For Sections and Plates

1. Chemical Composition
(Ladle Analysis)

2. Tensile Tests

3. Bend Tests

For Nuts and Bolt:

1. Proof Load test ;
2. Ultimate Tensile Strength test ) According
3. Ultimate tensile strength test ; %ZPDA
under eccentric load ) Specificatior
4, Cold bend test ) P-19
i 3. Hardness test g
6. Galvanizing test )

The Manufacturer shall maintain a record of tests
carried out by him for examination by Inspector.

" Acceptance Tests

The following acceptance tests shall be carried out.




‘

7.2.1 For Sections and Plates

Visual examination

Verification of dimensions
and weights

3. ' Prototype tests

Chemical cumposition(Check
analysis)

5. Tensile tests
Bend Tests
Galvanizing test

1 7.2.2 For Nuts and Bolts

1. Verifications of dimensions )
. . . )
2. Visual inspection ) According
3. Proof load test ) to
. . ) WAPDA
4, Ultimate tensile strength test ) Specification
5. Galvanizing test ) P-19,

The Contractor shall render all necessary assistance
to the Inspector in carrying out above mentioned tests.

8 ACCEPTANCE AND REJECTION

8.1 Chemical Composition

To indicate adequatgly, the chemical composition of
a heat or a lot, the minimum number of samples selected
to represent the heut shall be as follows:

No. of Samples

]
50 tons or more

50 tons or less

If a piece fails to meet the requirement the lot shall
be rejected.

8.2 Tensile Properties

Two tension and two bend tests shall be made from each
heat and strength unless the finished material from a
heat and strength gradation is less than 50 tons, where
one tension and one bend test will be sufficient. How-
ever when material from one heat and strength gradation
differes 9 mm in thickness, one tension and one bend
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8.3

8.4

8.5

test shall be made from both the thickness and the
thinnest material rolled in that strength gradation
regardless of weight represented.

_ Two tension and two bend tests shall be made on every

finished shape for e¢very 10 tons.

If a test piece fails to meet the requirement the lot

'shall be rejected.

Assembly Test

One structure of each type -shall be tested,.

Galvanising

The acceptance and rejection on the basis of galvaniz-
ing test will be according to WAPDA Specification P-82.

Dimensional and Finish Defects

The number of sample units inspected shall be equal to
the first sample size given in Table-V, If the number
of defective units found in the first sample is equal
to less than the first acceptance number, the lot shall
be acceptable. If the number of defectives found in
the first sample is equal to or greater than the first
rejection number, the lot shall be rejected. If the
no. of defectives found in the first sample is between
the first acceptances and rejection number, a second
sample df the size given by the plan shall be inspected.
The number of defec'ives found in the first and the
second samples. shall be accumulated. If the cumulative
number of defectives is equal to or greater than the
second rejection number, the lot shall be rejected.

TABLE-V
Sample [ i Sam 1eQ Cumula- §Accept-) Rejec-~
size code } Sample § Sige § tive sam-Qance § tion
"letters )] § § ple size Qﬁumber § Number
2 to 8 First 1 1 0 1
Second - - - -
9 to 15 First 2 2 0 2
Second 2 4 1 2
16 to 25 First 3 3 0 2
Second 3 6 1 2
26 to 50 First 5 5 0 2
Second S5 10 1 2
51 to 90  First 8 8 0 12
8 16 1 2




8.

6

.3

Sample ) T Samplea Cumula- § Accept-{§ Rejec-
size codel Sample{ Size § tive sam-§ ance i tion
letters { 4 § ple size § Number { Number
91 to 150 First 13 13 0 3
Second 13 26 3 4
151 to 280 First - 20 20 1 4
Second 20 40 4 5
281 to 500 First 32 32 2 )
~+  Second 32 64 6 7
501 to 1200 First 50 50 3 7
Second 50 100 8 9

Nuts aﬂd Bolts

The sampling acceptance, and rejection of nuts and bolts
will be according to WAPDA Specification P-19,

TEST METHODS |

The test samples shall be examined visually for the
following:

Visual Examination

Examination ' Defects

Material Not as specified in relevant
clauses.

Construction Not ~f the shape given in

relevant drg.

Finish' Galvanising not proper, presence

of burrs, black and bare spots,
dross .and projection.

Verification of Dimensions and Weight

The'binding dimensions of the material shall be measured
and weighed and shall be as shown on the relevant approv-

ed drawings subject to the tolerances given in clause 4.4,

Assembly Test

One structure of each type shall be assembled completely
in the shop to verify the dimensions and suitability
for field erection. Reaming or unfajir holes shall not

P-139:80.
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9.4
9.4.1

9.4.2

9.4.2.1

9.4.2.2

be permitted and only a reasonable amocunt of drifting
will be allowed in assembling. Poorly matching holes
shall be cause for rejection.

Chemical Composition Tests

Laddle Analysis

An analysis of each heat of steel shall be made by the
manufacturer to determine percentages of the elements
specified below. This analysis shall be made from a
test ingot taken during the pouring of the heat. The
chemical composition thus determined shall be reported
to the purchaser and shall conform to the requirements
specified'in clause 2.2.1.

Check Analysis

Analysis shall be made from finished material represent-

~ing each heat or lot. The chemical composition thus

determined shall not vary from the range or limits
specified in clause 2.2.1.1 by more than the amounts
specified below, but the several determinations of any
elements in a heat may not vary both above and below
the specified range,

For Mild Steel For High Tensile Steel

Element Under Over Under Over

the Limit the Limit the Limit the Limit

Carbon . .03 .04 .03 .04
Manganese .06 .08 .09 12
Phosphorus - .01 - .01
Sulphur ‘ - .01 - 01

In case of an approved specification as refered to ‘in
sub clause 2.2.1.2 the chemical composition and .
tolerances of the approved specification be applicable.

Tensile Test

Thé test shall be performed in accordance with ISO-82.
Bend Test

The bend' test specimens shall stand being bent cold

through 180 deg. without cracking to an internal dia-
meter of the specimen as prescribed in clause 2.2.3.

P-139:80.



9.7 Galvanising Tost

9.7.1 This test shall be carried ouf on all tei: us parts
complying with the following requiremcnts .

]
1. Weight of zinc coating

2 Uniformity of zine coatisg
3. Adherence of zinc coating
4 Embrittlement tests

9.7.2 Test samples for determination of compliance to the
tests specified slall be performed in accordance with
WAPDA Specification P-82 and shall be taken from each
lot. The lot shall consist of a quantity as specified
ir the relevant specification.

TS

10 PACKING

10.1 All material shall be suitably packed to final destina-
tion. Heavy pieces such as legs and large cross arm
members may be packed separately or in bundles of not
more than 1000 kg. with all pieces in the bundle having
the same mark of the same structure. All bundles of '
angles shall be securely fastened at three or more loca-
tions with galvanized steel binding straps not smaller
than 1x20 mm of 1350 kg, tensile strength. v

10.2 All small pieces such as bolts, washers, plates and
other small fittings shall be packed in strong wooden
boxes with a gross weight of 50 to 100 kgs. The boxes
should be strong enough to withstand rough handling.
Bolts of different sizes and lengths shall be packed in
. separate bags before boxinr. Groups of packages or
bundles may be packed in t - same wooden boxes, In .
general, separate packages less than about 50 kg. each w;ﬂ
should not be use:!,

11 DRAWINGS ' L

11.1 The contractor will be supplied with single line diagram _
indicating the various dimensions, angle sizes used,
sizes of ‘bolts used, type of steel and various strandards/
process to be followed for fabrication and galvanizing
of the structure.

11.2 After placing of contract, the contractor shall submit
for approval, the following drawings based on single,
line diagram provided in the clause.

11.2.1 Shop Details Drawings

The detailed drawings shall show shop details including



11.2,2

11.2.3

11.2.4

of dimensions, shearing, punching, bevel cutting,
bending and identification mark and weight for each
member.

Erection Drawings

Erection drawings showing each member with its identi-
fication mark, location and position of the outstand-
ing leg of angles, number and size of connection bolts
and all rerection details.

Footing Installaticn Drawings

Footing erection drawings showing each member with its
identification mark and number and size of conmnection
bolts, and all dimensions required for the proper set-
ting and positioning of anchor bolts or stub angle

footings with relation to the centre, of the strcuture.

Bills of Material’

Bills of material for each tower shall show the quantity,

kind, size, length, weight and assembly mark for each
member, including bolts, washers, plates and all fitt-
ings complete for each structure.

¥ k &k % % % % %
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SPECIFICATION P-82: &1
(ULC No. 669.506.5) :

ZINC  COATINGS

0 FOREWORD

C.1 . This specificnotion has lLeen prepared bv tite Desiin Department
of Power Winy, #APDA and lays down spacificativn fevr protec-
tive zinc cou“inga applied cov iron and stecl.

0.2 | ‘nhis etandard i1n intended oniy for the purxpese of procuremant
! of materials and does not inciuda the provisionz of a contract.

0.3 ﬂ". This atandar ig °nh|:ct o periodical rveviziong as and when
requized, trmmm e T T TP -
0.4. ‘‘This specification ie mainly h2sad on ASTM A. =0 andl AL 219,

A.153.68, A.154.55, N.525. 7, h.121.66, B 2613, Fﬁ 143 1961,

1 . “SCOPE

1.1 The epecificatlicn lays down tast for the z2inc rccttnas virich has
"been dapozitsd either by Hot Dip methad or by nloctrodaposit
.Method on tit2 orticles as claseified bhelow. It &lso covers the
weight of =inc corttngﬁ which shall he required par aguars meter
of the purface area or lts thickness.

Claseificaticn Dageription of articles
Clags A-Fabricated . Fabricated products rom rolled, pressed
. producte and forged steasl shepss, channals, angle

ixon, T shapes, plates, bars and strips
e.g. structural poles, tudular poles,
vipas, channels and angle iron for
platformz of pole mounting transformars,
cepacitors and voltage regulators,
"lattice steel ‘¢ross Lracket ntg.

Class B-Castings Caslings, irxon, malleable iron and steel.
Class C-Roll~3d preased Rnalled, preerad and forged articles suzh
and forged as ilnsulator pinr, anchov-shackle, eye-
articles nutag, clamps, cotter pins, thimbles,
i covers, deadend clamps etc. -
. Class D-Buts and Nuto, bolts, washers, nails, rivaets,
i bolts atc, screws and similer articles.
Clasm E- Ste-=1 Viraa Stael struvctural stranie, steel wire

strands for'ovarhead transmission linas,
guys, weasengers, spur wires, tlie wires
and harbed wiras.

Class F-Steel sheets Stael sheets of all typez And sizes



2,17

.1t

‘«be .8lab and shall conform to Lho following chemical compositionl )
\.

"shall be as per table-~1 helow or athe#rwise specified in tho
relovant standards.

" Qlassification Descriptiun of articles Individuall Average of

Class A = - Fabricated produchs Fropn
- Fabricated rolled preseed and forged
Products - stegl shapes, channels and

arm braces. 450 , 500
Class B Castings, cast iron malle- ’
Castings : able lron and steel 550 610
Class C. Rolled, presscd and forged
Rolled, pressad "articles such az ancler
"and forged .shackle, eye-nuta, clamps,
articles ootter pins, thimhles,

covern, dealdcrd ¢ .impon ohe.

- 'The: zinc used in electro~ ~depogitirg and hot aip galvanizing ahall | ,

- Lead Max ©lL6 percent . o
;. Iron Max 0.05 pesoant. '
Cadmium Max 0.50 prreoont
Zinc Min ‘ 98.0 percent:

WEIGHT AND THICKNESS OF ZINC COATTNGS

The welght of zinec coating by hot Gip method «n various articles

S0 TABLESTCWEICHT 07 INC. CONUINGS
3 2 font

Vit of Zinc Coating

samples Y 1 samples
am/sqm X_gm/sqm

e .

angla iron, T-shipes, placns
barn and gstxips c.g. struc-
tural poles, tubulayr poles,
pipnr. channel and angle
iqu for platform of ypole
mourniing L:ansfnxmox.,
capgeitors and ~oltage
regylators, luLiice steel
crogsarm brackei etc.

1) When the thicknuee of steel
is 3 mu to 6 nn 550 610

g émm and heavier material 610 700
1ii) pipe for service-maz: only = 350 400
]

iv) Distribution transfoimer
station hardwar:e & 72ross-

1) 4.75mm ond over in thicvkness’

and over 200mm in lengbh cl0

w
L
(a)



Ciasu D
Nuts and
Boltg atc.

Class E

5

114)

iv)

1)

iy

i)

LN

Undee 4. !5 »w in thickness .
and ovor 200 wen in length. 380 460

2000m - and nnder 06 lanth
and anv thivknecs 330 400

Hardware ¢ Lorvice-nast .
nther ‘than pipa, insulatolr
pins & D-shackle ascembly 450 . 500

dolie, nuLg and dArlve screws

{ov2y ‘2.5 1om in diametern)

and zisilay avkiclas, trans-
- —_—

miusl-n toweyr bolts,

wuthVﬂ 5 mm and over

i ehiek. e

305 380

sgesews and bolte (9.5 mm

Cewsgoenden st Aismater) .

wivete, nains and similar
syiiotan, wigahoy undey:

S omm in uh!;ﬂ"hﬁ. 280 305

“teel Wiras

e welchr of =ine noating on steel gtructural
ztyand, pteel wire zbtand for overhead trang-
miscion lznﬂ', TuvE, messengexs, Spus wires and
tim wiren Zoy similar purposes shall be as undex: -

Srtrandad wine Weight of =zinc

H__{33;mn L ' coating (gm/squ)

2,20 to Q20 45

0.71 o 0.79 : . 60

0.40 e D.50 30

0.59 v 0,79 120

(.75 o 1.00 150

1.00 to 1.2 170,

TR0 e 2,00 . {200 )
2,01 %o 2.I0 ' 225

2 50 AT AT T e e w288

2.01 to &.00 275

n.0) -‘.""1 .!..31.'1:7"7' . e 300

Thae miniwum veionk of zine coating in gm/sgm on
barbed wires oh=lt he as under:!

dia mm
2.5 ineludlirg and ahova o 250.00
2,0 bka 2.4 wm ' ) 200.00
1.5 to 1.9 on ' 1500.00
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3.2.1

3.2.2

-Thickress nf Zinc Coating by Tlchrod(posnL Hethod

4

Class F Steel Shects

The minimum weipht of zine coating in gm/sqgm on
nalvanized stenl sheets shall be as under:-

Average of Min. single
Coating class triple spoy test spot test
2.75 ‘ 716.00 . 610.00
2.5 640.00 550,00
2.25 564.00 490.00
2.00 B 503.00 427.00
1.75 427.00 366.00
1.50 350,00 305.00
1.25 commercial 274,00 244,00

The minimum and_average Lhickn**r of zing coatling, exceptl threaded
parts, by electroderositiuy ou ateel articles shall be as under:-

Coating class Local thickness  Average thick- Application

. (tm) ness (mm) conditions
Class §. .025 .038 Outdoor
Class H .008 .013 Indoor-

The mipimum and average thickness of zinc coating on threaded parts
of steel articles shall be as under:-

' Diameter (mm) Averape thickness - Average thickness
rminimum_(mm) maximum (mm)
1.50 to  6.00 ©0.005 0.0065
6.01 to 12.00 0.0065 0.008

12.01 to 20.00 . 0.008 0.010

One gram of zinc per syuare meter of surface, based upon mathema-

.. tical calcu]ation.vaha]] corlucpond Lo a coating thickness of

41,17

0.00014 mm. Ve i e e

TEST METHODS

Weight of Zinc Coating ou Galvanized Sheels

" Test Samples

Test specimens shall be (50 4+ 25) mm square, except for material
narrewer than 50.mm wide,in thcn case tept specimens shall be

of such a length that the avea of the specimen is 2500 sq mm.

When it is not possible to secure a specimen of 2500 sq mm in area,
a smaller size may be used bnt it is recommended that a specimen
of not less than 1,300 5q mum Lo used.

The specimens shall be clean, they shall be washed with solvent
naphtha or other sujtable solvént, then with alcohol and dried
thoroughly.




4.1.2 Test telhod

. 4.1.2.1 Reagents

Ly Antimony chloride sslution: -
Discolva 20 groms of sz O3 or 32 gm of Sb Cl3 in

1000 ml of HCY (sp.g. 1.19)

4.1.72.2 Weigh the speulmens obtalned in accordance with 4.1.1 to the.
nearest 0.0l g. After weighing lmmerse each specimen singly in
a onlution made by adding 5 ml of antimony chloride to.10C ml of -
HCl (spaciiic gravity 1.19) to mover the specimen and allow to
remain therein until vha voiienc evolution of Hydrogen has ceased
and only a f«w bubblen nre balng =volvad. This requires about 15
te 30 scc. Ths smme! soluticn may be_used repeatedly until thae
time required for stripping becomes inconveniently long. . The-
temperatura of tha stripplug solution shall at no time exceed 38 C. .
After stripping, wash the specimen by scrubbing them under .xunning
water, dip in hot water and wipe or blow dry. Again weigh the

" ‘specimen to the neargai 0.0 g.

4.1.2.3 cCalculaticns
waik) . Tha loga in,mnighghgpprgqgggg.ggg_gg}ggtﬁgg.ﬁins coating
T in grams on th= sawplen; to £{nad the welght ol 'zinc ‘doat- -

ing poaxr mrq mad-x pracedd an followsi-

. . N G
Wt of cuatingin grams par equare  Lossg in wt in grams x 10

mater of steel wulage. A

Whers A = MArenr % stripped samplo in sq mm

4.2 © Weight of Zine Coatlng on"Galvanizad:Wire

4.2.1 - Teat Sample

4.2.1.1 The specimena of gelvanizad wire may be of any length over 300 mm,

' bnt prefarably »bont 6002 ma, Whe»n a continuvous length ig not>
avalilable, shorier specimens toteiling 300 mm but preferably 600 ma
shall be used, '

-

4.2.1.2 The specimen shall ke cloaned by washing with solvent naphtha or
other suitable polvent, then rinsed with Alcohol and dried
thoroughly. .

4

. e L .
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4.2.2 Test Mefliod
4.2.2.1 Test mathod shall be the same.as described in clausa 4.1.2.

4.2.3 Tegt Pesults

4.2.3.1 Calculate tha weigh® of zinc coating as follows:




W, =¥
¢ = L
e T @ QO
Vo
3 '
Wherg C = Wt of w.n¢ coating in grams per sgm
wl = QOrigina’ weightt of specimen in grams v
w2 = Weight of stripped specimen in grams
Moo= a eonstant = 1950

4 o diametor of stripped wirxe in mm

4.3 Welaht of Zinc Coating on Articles Covered under Class A,B,C&D

4.3.1 Test Samples -

i)

Samples fox weiahl of cecating-determination, shall
be selected in acunrdance with clause 6.4 or as
gpecifined in the relevant specilicatjon.

C41) In tho case of thireaded articles, such as bolts
and scvews, thae determination shall be madc on a
portion of the article that docs not insluda

any thread.

The opoclimrmns chall be cleannd by wvashing with
solvont naphthz or cthar sultable solvent, then

Ly

[
",

iii)
rinsod with Alcohnl and dried.

4.3.2 Test Proceadure

!
The prccedure shall be the siue as described in clouse 4.1.2.

‘

'
u

4.3.3 Taest Results

Determine the total coated arca of tho rpecimen to the nearest 5

sq mm. Alternatively for spocimens of uniforxn thickness of base
metal, such as pilece of platc of pipe, daoterr.ine the average thick-
ness of the specimen to the nearest 0.25 mm.

L -
: A

@
)

II!L

4.3.3.2 Calculation

the weight of zinec ueating by using the formula:

Calculate
W - W
¢ = e - 2 * W
A

where. C = Wt of zinc ceating in omi/oqm of surface

. W, = Origipsl wt of specimen in groms

- B

~r

(i

Weight of sgtripped specimen in grams
Coaterd aroc of the specimen in sq rm.

= A constant =~ (10NC400)

!. .- ,.!,1~ - !__




4.4.2

4.4.2.1

4.4.3

.4.3.1

FA

4.4.3.2

+

4.4.3.3

{b) 1f the specimen has a uniform thickness of base metal: U
the weight of the zinc coating may be calculated using - -
the following fo:mulax- ‘ o L
W= W, e
C = ——F— xGx32 _ . o
2 . \( ;. A.:“‘
Whera C o Wt of zlne coating in gm/sqm. of the surtace ﬂ’*' ;{

wl.u Original welght of the specimen in grams'
W, = Welght of gtripped spacimen in grams
G = Thicknegs of stripped apeclinens in mm

a A constant = 3935

Test Jur Thicknese cf Electrndepvosgit Coating

Microscopic Test

The thickneuas of coating shall be determined on cross~sections
taken perpendicular to the significant surfaces by the micro-
scopic method descriked in the methods given below.

Test Scecimana

To determina compliance with a specified minimum thickness of
electrodeposited zina, section the specimen at one or more signi-
ficant surfaco where such a minimum may be expected.

Test Method

Hold the specimen rigldly and in such & position that the surface
.to be tested is perpendicular to the flat surface that is to be

..ground and polishoed (A deviation of. L0 degrees from normal intro- .
.. duces an error of about 2% in thickness). The pieces may be plated
.first with a relatively thick coating of copper to protect the

edgas during grinding and polishing. .On zinc deposit the first
layer of copper from a cyanide solution after ‘which, if desired,
an aclid copper solution nay-be used,-. .

-Grind and polish the gecilon to be examined by reguiar metallo-
. graphic methods, using successively finer abrasives tha last being
. no coarser than 500 maesh. Polish zinc coating with minimum pressure

in the direction from'tha hard basis metal to the Boft coating, and
alternatively at 45° and 135° angle to’ the plated surface,

Then treat the surfaca in guch a manner as to obtain the maximum

' .contrast between the coatings and the adjacent metals.. Obtain

such contrast by etching elther the coating or the adjacent metal

by an appropriate reagunt. Suitabla etching is desirable even

when a contrast existe, since it willVremove any soft matal
that may have spread over g harder metal,



4.4.3.4

4.4.3.5

4-5’1

4.5.1.1

4.5.1.2

4.5.2

4.5.2.1

4.5.3

4.5.3.1

The following typical zeagents are sultable for etching plated "
coatings: -

Chromic Acid (Cr 03) 200 g/Litre

Sodium Sulpliate Na2 SO) 15 g/Litre

Measure the thickness of coating at any desired point on the
exposed section by cithser of the methods described below:

i) -Measure the thic:iness with a filar micrometer
ocular that Bas bLeen calibrated in order to
determine the value of the unit scale division
against a gcale graduated so accurately that
the error will not exceed 2X ifor example, the
gscale may be graduated to 0.0l mm.

i1) Project the image of tho specimen especially of
s those specimens naving  very ihin coatlngs,at.
a known and properly calibrated magnification
on the ground-glass focusing plane of the
camera of a mptallographic microscope. Measure -
the width of tha projected line of doposlt with
a graduated linear scale, the reading divided
by the magnification whall give the thickness
of the coatiny. -

2K e

Adherence of tha Coidting Tambr

Galvanized Sheetd.

o,
falvanized steal gheets shall withstand a bend through 1807 in
any direction withoyt flaking of coating on the outside surface.

The sample under test shall be ygripped in a hand operated vice
with smooth jaws and’ shall be bent.through 180 over a mandrel
twice as thick as the sample if woight of zinc coating is equal
or more than 525 grama/sg.m. 7The sample shall be folded over a
mandrel equal to the thickness of sample if the welght of zinc
coating 1ig .less than 525 grams/ug.m.

GalQ&hized Wire

Zzinc coated wire shall be capable of being wrapped at a rate not
exceeding 15 turns por minute in a cloae hellcs of at least two
turns around a cylindrical mandrel equal to three times the nomi-
nal diameter of wira under test, without cracking or flaking the
zinc coating to such an extent that any zinc can be removed by
rubbing with the bare fingors.

Articles covered under Clags A, Clags B and C - Heavy Materials

The pivoted hammer may be used to determine adherence of zinc coat-
ing on eteel products 8 mm thick and heavier covered under class

A, B and C, This tast is applicable to flat surfaces only and
shall not be used on round and curvaed surfaces. The hammer used




4.5.4.1

4.5.4.2

4.6.1:1

4.6,1.2

4.6.1.3

shall. conform to iy 4. Tho hanmer blow shall be controlled

by clarpiw ~r halrling the pivoted base of the handle firmly
cn-a hoxirzontal surface -of the galvanized.msmber and allowing
tha Tanarmr head to swing freely through an are from vertical
position tn ntrike the horizontal surface. Ns illustrated in
fig 2 thn test shall coagist of two or mere standard blows
forming ra—allel impressiong with 6.5 mm spacing along a common
axis so located khat no part of an impression shall be closer
than 13.0 v o theledge of the member, Removal or lifting of -
the coatin; in the area between the impressions shall constitute
failure. hn oxtruded ridge less than 3 mm wide shall be dis-
regarded. The specimen shall be tosted in gsaveral places
throngbout i€+ length,

hftjclms"pqqe:vﬂ under_Clags A, Clags B and Clasz ¢ -

Small and T3oht f”LLL‘dL%-"" -

gmall and light. materials which are llable to deflect oxr deform
under +*he hammer Lilow and curved or round artlcles which cannct
he hawmered prepnrly olauld be tested by this method.

The adherisoe of zine coating to the surface of the base metal
ghall be det=owuined by 'cutting or prying with a stout knife,
applied with congidernahls pressure in a manner tending to remove

a portion of tha uqbtlnq. It shall only be posalble to remove
amall partlclea of the cdoating by paring or whittling and it ghall

not: be pegsible to peal any portion of the coating so as to expose

the baane metal.

——— e e o e .;,-_._.__..

Test Solution -

The copper sulphata- qolut:on shall be made by dissolving approxi-
mately 3G paris by qﬁauh; of! dommerdial copper sulphate crystals
in 100 parts by wolght of Aistilled water. Heat may be used to
complote the molutinn of cepper sulphate crystals. If heated,
the soluticn ahall He allowed to cool., The solution shall then
be agitated with an excess of powdared cupric hydroxide Cu  (OH)
alzout 0.81 gms/litre of golution. The presence of an excess of
cupric hydroxide will be shewn by the sediment of this reagent

at the bottom nof the veesel., The neutralizod soalution shall be
allownd to stand for 24 hour and then filltered.or decanted,

The taest solubtion shiall heve a epecifie gravity of 1.186 at 18°¢.
To adjust a solutfon of improper specific gravity, add distilled
water when the gpacific gravity 1g high, and add » copper sulphate
solution of A hlghexr apecific gravity when the tast solution is
low in spzcific gravity.

Wire wpzcimong ehall Le testad in a glass contalner at least 50mm
in ineide dimamoter for 2.5 mm dia:wixe and smaller, and at least

75.0 mm Jn insida diametmr for wire larger in diameter than

2.5 mmvdia. The container shall be £illed with fresh test solu-



G\ :
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4.6, 2 l

‘v.

LR S

"4.6.2,2
[TRAT
~
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Tlagh

4.6.213

. tion to a depth ©f &t loast 100.0 wm. This quait:ibty o solus
., tidn'shall be uzul for the wimitanecus tosting of one +o° seven .
- tegt specimenn. Tha solution vhali be diacarded after compla~
.tion.of thﬂ tnst and fre=h solution used foy any additional

_:;fteats.

,The spécim"n' shall ba cloanad witha volatile organd
such as vcacboen tetrachlorids, gasolina, or bcn?nnn,_then rinsed, .

.
..

;Forﬁteuting articles otho. thin wire, the quantity of copper

801ph$te solution required for each test vill dopend on the

... superficial area of the test specimen and rhe weight of coating. -
.The quantity should not be less than 40 ml pa2r gm of zinc coat-
“ing on ‘the specimen and slinll b2 suffici~r. Lo covar
'j.non;ao that the top surfuce oY tha soluticn g at laast 13 mm
‘. above the top of the section of the specimen under test. Thae
‘solution shell be discarded after completisn of the test and

-'fgash solution used fox any additional terhn.

Lhe Gpeci-

Ca

= Test Samplee X

Thela?ecimens gelected for test shall he fixee from abrasion or

-cuts in the zinc coating, cicept those which may vccuxr during

manufacture or the preparaticn of tha specimen fox tasting.
Specxmena of wire may be hand straightened.

o solvent -

with .alcohol, and finally, thoroughly washed with clean water
and wiped dry with clean cocton cleth. Test specimens shall be’
brought to a temperature of 157 '« 21 ’C prior to Legianing of
the test.

Abnormal cases mpy avise when, by reason of unusual svrface
conditions, the copper sulphate solution will not act normally"
on the zinc coating. 1If there ls any question of abnormality
of parformance of teat specimans, the specimens shall be dis-

‘carded and new cpes selectcd. Thﬂ new specimen shall be cleaned
T dn alcohol, rineed and ‘Wipsd dry'and then immersed for 3 minutes
..in a-solution consisting of 1 vart by volume of ammonium hydroxide

{sp..gravity 0,90} and nina psv#s of water. The specimens may be .
scrubbed with cotton cloth during this immersion. After cleaning

- vthe npecimons shall be washed and wiped dry and then tested in
.accordance with tho pros:zdurs leid down bslow. ™’ '

‘ragt Method

The test specimen shall be immGersed in the copper ~ulpinate
aolution, which shall bo wainained at a temperature of 16 to

20°c. The specimens shall ramain in a fixed position in the

" solution for exent 1 minate. ZI£ a 's minute dip is spacilied,
(4

it shall be qgiven to the npccimens after completion of all of
the 1 min dip. There rhall be no asyitation of the solution
during the immeision period and the specimen shall not be allow-

ed to touch each other o tha gides of the container. nfter
he washed immediately in the

each dip, the specimens ghall

. rinsed water, 2nd a fibox bristis hrusn ghall bhe used to remove
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any copper deposit that may have formed on the zinc coating.

. Before returnirg tho specimrns to the test solution they shall’
be well drained of excegs rinse water and wiped dry with a
clean cloth. :

.

Successive dips of 1 wmin. each shall be continued, with wash;}

4.6.3.2
: - ing and wiping of the test specimens after. each dip, until 7o
the specimens have withitood the required number of dips speci~ .
fied in tahle-II or until the end point has been reached, =~ ™
TABLE~LT: WEICIT OF COATING AND NUMBER OF DIPS
 Weight of Ceating No of Dips
gm/sgm 1 minute half minute
300 and above 4 -
270 ko 239 3 1
240 to 209 3 -
1860 to 229 2 -
140 ko 179 1 1
90  to 139 1 -
15 tc 1] - 1
4.6.3.3 A recommended devica for holding test epecimens of wire in a '
' fixed position is shown in fig 1. A similar device may be used
‘ for holding specimens of other small articles that are not re-
! quired to ba fully immersed in the test solution.: Specimens
that are completely fmmersed may be suspended by a strimg.
4.7 "'vigual Inspection )
4.7.1  The galvanirzed surfaca shall he free from such imperfection as
" lumpe, uneven coatings, blisters, gritty areas, uncoated spots,
ash and flux incluslons, globules or heavy deposits of zinc which
will interfere with the intended use of the material will not
" be permitted. i
4.7.2 Following is the list of defects} thelr significance and possgi-

ble remediesn:-

Ground for

Condition Causeg Fecommended Actlons .
, Rejection
Dare Spots Taint, grease or Check cleaning Materials
o0il residues particles may he
Scale or rust Check pickling accepted

residues where bare

spots are

particles

Rosidnal welding
slag

Breoakdown of pre-’

flux coating

Dlast~clean welds,

Avold coated rods.

Check preflux and
drying conditions

in accord-
ance with
clause
4.7.2.



T Alumindun conknnt

- of bath too high
‘ffRollinq‘dqfcchﬁ mh
- basis stael

Articles in'c&ntact
during galvan}zing

‘ !
Reggulate alaniniun
additions

Chack stani supply

Kaep arhicﬁ@g

soeparated.

‘General.
" .Roughness

. : . i
-Analysis or origi-
nal surface condi-
tion of stael,

.Overpickliné '

i

“High‘galvanizing

temperature and/or
lony irmersich = .
time. .

Check steel supply

Reduce pickling
use inhibitor.
Adjust galvaniz-
iy conditions.

Material
may be
aceepl.2d
provided
adhesion

1s good and
degree of
roughness

....1s pot toa

critical.

© - Plmples

_iEntrapped dross
‘particles =

1
\
¢ !

"Lumﬂinese
" and ‘Runs

Withdrawal spéod

~too high’

"Cold" galvanie~
ing bath '

Delayed run-off )
from seams, Jjointe

- bolt holes, etc.
~ Articles in eop-

tact during
withdrawal.

Koap articles

Avoid agitatlon of

Gross layer

chack carry-over
of plekie =salts.

" Material

with {inal-
ly disposed
pimples
covering
not more
than 2.5%
of the area
may be
accepted.

ilwiove work slowly

Increage. tempera-
ture

Romove work slowly

separated

Materials

of class ARC
may be accep-
ted whereas
of class D,E,
r rejected.

Flux
Inclusion

Steel flux kurnt
on during dipping

Surface‘résiduas
on steel

"Flux picked up
from top of bath

Refrash or renew
flux blanket

Check steel pre-
raration

Skim ‘before with-

. drawal.

Materials
shall not
be arccepted.

i
i




4,7.3 Articlos cavered undexr clese . & F shall bhe completely free
from uncoated spots. Howevnr small locallzad uncoated spots
on fabricated praseoad, Jaryivi and casted articles covered ‘under
clugas N, B G C way be dgnored vpto moximum of 0.25% ofilthe
total area. The arca of such individual spots shall not exceed
0.5 square v,  Uncoated spots shall be patched with galvaniz~-

ing repair paint.

4.8 Embrittlement Tc

4.8.1 Galvanized Angle Tast (fer sszle irone onlyl)

4.8.1.1 Test Réquirmnenhq

i) The elsisobiur mesgsured in accordance with
% 1) gshall not be less than 5

clruce 2.8.1 7
wmr axcsplt AR spacified in para 4.8.1.2

percrnn oxe
(i), :

- e Ao

i1) When the asppaoimas deap noat show 5 percent
elongation,  th r~duction in +hickness shall
ha wmaaniced L o rcordance with clausa 4.8.1.2
(il). The zum ~f the percentage of alongation
plus the aviprsde raxcentage rsduction of thick-
ress shall poi: san Less than 10,

4.8.1.2 Test Procedurs

i) Por dotevminitg thr olongation after firacture,
a 51 mm gauge Lengih (Fig 2) shall be prick-
l punched in the misdin of the edgs of the
vertical leg of tt2 angle along a.line para-
X ‘ . 1le) to its laugth and centred diractly under
o o tha hole. After the test, the sum of the
- - diatance along this line Erom each punch mark
A ' ' to the correspording adge of the fracture
shall bo mesauraed to 0.25 mm with a flexible
ncale, and tha, percantzge of elongation cal-
culated., For srpccinonrs undex 13.0 mm in
TERISKNGEY o €hdse ih which ‘the distance from -
the ndge of tha holae to thae edge of tha angle
it ‘ : is less than 10 wn, the elongation shall be
3 neasured over & 25 1mm guage length.

e ii) For detormining Lha percentage reduction of

) thickness after tracture, the reduction shall
o . be neasured wilth a ball peint micrometer at

i - the 3 locations indicated in filg 3; namely

Sy (a) outer side of hole, (b) inner slde of hole,

[ ' . . (c) middle of.ley. <The percentage reduction

3 of thickness shall bz calculated on the basis

of the original thickness of the angle and the
awarage of the (hroe valves at a, b and c.




4.8.2

4.8.2.1

4.8,

2

.2

iii) The lengrh of the Leak woecimen and the dis-
tance bhotrean the cupraets ara ghiown in the
follcwin feblet- -

. o Length
]

Letween Minimum
Length of pngle L {(mn). supporta | length
: L, ¢ '
o mm) LZ (mm)
Upto 100 rm inc%. 356.,0 457.0
Over 100 i ko 15Cmam incl., 508.0 610.0
Over 150 mn %o 200mi Anzl)., 762.0 915,0
Av) The kJnd ol holhh punched, sub punched and Ty
reamed, o1- drilled, shall be that employed: S
in the fabiicated material which the specimen R

reprasents. The dimensional values, diameter,
and location of hele, shall be not less than
+ those employed i1 thh structuyal details.

Carxe shall = tahsn not 7o place the hole AT
., near stawmped or rolled  __ in-identification we
nlarks.
i
v) The test shall be madn upon galvanized speci-

mens having a tarparatiue not helow 60 and
not over S80°L when tentad.
vi) The test may be made in a univarsal testing

' machine, oy by othar means such as a press
or bulldozer with +ho load appiied slowly.

The test 1s suitable foz galvanized steel hardware of such shapg

Bmbrittlement Tesls for Materlals covered under class B,C & D. /.

and size that permit hending such as bolts, tower steps, ingus’
lator clevises, braces, rods etc., fClamp one end of the article
in a vice and bend thé othar end thnrough an angle of S0 degree.
of apout a dlanastexr ciqual to tho, dla or thickness of the article:
under test. A sulitable length of pvpe may bo used as ‘a lever wo
assist bending. ' The urticle after bending shall show né cracks .
on the outside suxface of bend. If such a test is made on ]
threaded articles, it shall be wmsdz on un-threaded portion. In
case of completely thveadad arlticles, the threads shall be
removed and the 90 degroes bend shall be about a diameter equal
to the raeduced diameter of the article.

Castings and steol hardvare of wmuch nhape or size that they do
not permit bending, may ba struc™” a sharp blow with a hammer

of suitable weight. TIf tha matevial is not embritted, it
should not crack under nuch a blou. However,{f “the article

is tested to deatruction, a white lusirous, coarxrse brain
appearance of the resuliing hLacLure 16 indicative of embri-
ttlement and shall be causze Eor rejection. .




y 5 TZSTS

Se1 Tegts on qilyioara chol! by carried out as per tahle - IXI
below or wthmwina rpeciCiod in the relevant ztandarzd., ‘Tests
whara ap;licahla are warist ‘o',

TAIY, T 0 TSR _‘\l_(,_’_\l_‘_'lifl'ISAI_N_(_;
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' Articles gal-

“lace men tl)ass lags Class . as
Test Tlage () lass Clas Cla Clgss vanized by
A 5] £ n [ F clectrode-
posit method
Visual _
Insnecticn ‘ €] N 0 U 0 0 0
vit. of zine
. coating(on hot
dip articles) 0 0 0 0 0 o] X
Thickness o ST e i
zinec coating: X 3 ¥ A X X v}
Unitormic:r of .
-.coating test 0 Y 5] 0 0 0 X
Adherence af
coating tert o © " BN Q 0 0
Embrittlement. .
test _ .7 0 G 0 X X X
: e et e e e o —
6 TEST SAMPIES - ACCED,10 AN DRIECTION
6.1 The manufactuvcer siell rrorido all necessory faclilities including

testing equipment for caruving out tests free of cost to WAPDA.
- The cost mnf test szaxplaes Jestroyed during tests shall be borne
by the manufactuarnr,

6.2 "+ The WAPDA reprevantatives asbaell bhave access at all times while
work on WAPRA's contract Js being performed. The manufacturer
shall afford the WAPDA wnepreszentative all. reasonable facllities
‘to satisfy him th2t the galvanizing is being furnished in accord-
ance with the bpewificalion,

For visual inspaction, articles shall be grecurnd into lots and
test spaclmens whall be wselected from a lct at random in accord-
ance with table-l, If the muber of defective units does not
exceed ona, the lot shall be accepted. If the number of defec~

s tive units excwerds two, the entire lot shall be rejected. 1In
e case tha defectjv. haing two, another sample of dovble the

‘quantity given in table-IYT shall ba selected at random and
-the tezt repented. 1In czve of any fajlure frem the second
selection, the ~ntire lot shall be rejecied,

6.4 Test specimens frem each sor ' for detorminstion of compliance
to tha tents rAnorifiod 4n eli 1we 9.2, 65,3, .1 ond 8.5 shall
be taken frem each Jnt. 7The lot nhall conslsk of » quantity
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as specified in LALLe-Y W below or as otherwise specified in
the relevant souecification. If any cample fails to comply
with the requirenmants laid down in this standard, anothex
sat of samplex as per t2bla-TV- ghall be taken from the re-
malning lot and t2st repeatad. 1In case of any failure in
thg sgcond set of samplaes, the whole lot shall be rejected.

Test samples fuom sicets or cojls (Class E,F) for determina-
tion of weilght of zinc ccating <hall be obtained as follows:

1) when ~ul fvom cvil, onc sample from the centre
and two samplesa fiom beth ends of coil shall
be tuken.
ii) Wwhen cut from slises, one gample from the centre

and two samples from dlagonally opposite corners
shall o taken.

Test specimens from each sample sheets and coils for determina~
tion of adherence and uniformity of coating shall be obtained

ag follows:

i) When cut from coll, sample shall be selected
from one end of the coil.
{4 When cut from sheet, sample shall be taken

from onc corner of tha cheet.

PASSIVATION TREATMENT

Zinc coatings applicd by electrodeposit method shall be given
full passivation treatment for maximum protectieon from corrosion

by the following proceas.

The zinc plated cowpononts shall be well rinsed, then immersed
for S to 10 seconds i a paszivation solution of following

composition:
Sodium dichcanite 182 g/litre
Free sulphurti acid- - -6 ml/litre

After passivation the ccuponsnts shall be well rinsed in running
water and then dried in warm alr.

Passivation process other than one specified above, may be used
subject to prilor approval by WAPDA. '

Figures 1,2,3, 4 ond table 1V.
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SPECIFICATION P-162:81

BARBED WIRE

AMENDMENT NO.1 DATED: 5TH JANUARY, 1989.

1. Delete 10% minimum elongation in 250 mm

from table-1 under clause 3.1.




CONTENTS

0. Foreword

1. Scope

2. Material

3. Dimensions, Characteristics

and Tolerances

4, Construction Requirements

5. Galvanizing

6. Finish

7. Sampling, Acceptance and
Rejection

8. Tests

9. Test Methods

10. Packing and Marking

PRINTING HISTORY

First edition . December, 1981

Amendment No. 1 dated 5th January, 1989.




3.

.3

 SPECIFICATION P-162: 81
(UDC  621.315.52)

BARBED WIRE

FOREWORD

This standard specification has been prepared by the
Standards and Research Directorate of the Design Depart-
ment (Power), WAPDA, Lahore.

This specification is intended only for the purpose of
procurement of material and does not include the pro-
visions of contract.

This specification is subject to revision as and when
required.

This specification supersedes PD-76 on Barbed Wire.
SCOPE

Barbed wire is used on 11 kV steel structures and 11kV
reinforced concrete poles for anticlimbing purposes.

MATERIAL

The base metal of the barbed wire shall be of good commer-
cial quality of steel wire made from steel produced by
the open hearth, basic oxygen or electric furnace process,

DIMENSIONS, CHARACTERISTICS AND TOLERANCES

The size and characteristics of the zinc coated barbed

‘wire shall be as given in table-I.

TABLE -~ I

¥y 0 0
Nominal diameterfMinimum break-{§Minimum{Net weight{§Shape
of zinc coated {ing strength {elonga-jof barbed §of Barbs

barbed wire. §single wire §tion ingdwire on §
) 0250 mm Jeach reel §
Smm 3 Kg . ¥ g Kg 3

2.00 115 . . 10% ... 50 Round

The permissible variation from the nominal diameter of
barbed wire shall be + 0.13 mm.

The averale spacing of barbs shall not exceed the speci-
fied spacing and no individual spacing shall vary from
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the specified spacing by more than 19 mm, when measured
form the edge of one barb at the strand to the corres-
ponding edge of the adjacent barb.

CONSTRUCTION REQUIREMENTS

The barbed wire shall be formed from two strand galvanized
wires complying with the requirements of clause 3 twis-
ted together with an approximate lay of 50 mm, with four
point barbs spaced at 100 mm intervals as shown in Fig.1.
The barbs shall be wrapped around two strand wires once
and round a single strand once, making in all, two turns
round the strand wires. The barbs shall be wrapped -
around the strand wires by a method which prevents
slipping to expose the four barbs approximately 90~ apart
in a plane at right-angles to the strand wire. The point
of the barbs shall have a length of 13 + 3 mm ang shall
be sharp and cut at an angle not greater than 35 to

the azis of the barb.

The barbs shall be made from 2 mm dia galvanized steel
wire complying with the requirements of clause 3.

Splicing of individual strand wires by means of a wrap
Joint or an electric butt weld is permitted, before
galvanizing. Not more than three joints shall be allowed
in one length of wire on the reel.

Splicing or joints shall be made in a workmanlike manner.
GALVANIZING

The wire shall be hot dip galvanized in accordance with
WAPDA specification P-82 "Zinc Coating". The weight of
zinc coating shall be 200 gms/sq meter.

FINISH

The zinc coated steel wires shall be clean, smooth and
free from harmful defects prior to being stranded.

SAMPLING, ACCEPTANCE AND REJECTION

Each consignment shall be divided into lots containing
50 reels in each lot. A sample of 5 reels shall be drawn
at random from each lot. -

The sample shall be subjected to visual examination and
verification of dimensions. If the mumber of defective
reels is one, the lot shall be accepted. If the number

of defective reels is two, another sample of 5 reels shall
be drawn at random and subjected to tests. If the number
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of defective reels is again two or more, the lot shaill
be rejected.

Specimen shall be cut from all the reels selected as

per clause 7.1 for galvanizing test!and:.bréaking’ strength
and elongatlon test. If one specimen fails the lot shall
be accepted. If the number of fallures is more than one,
the lot shall be rejected.

TESTS

The following tests shall be carried out:

1. Visual examination

2. Verification of Dimensions

3. Gai#anizing Test

4. Breaking Strength & Elongation Test

TEST METHODS

Visual Examination

Barbed wire shall be visually examined for defects given
below in Table-2.

TABLE-2 VISUAL EXAMINATION

Examination .- . S .. Defects
1. Material Not as specified .
2. Comnstruction Strands not unlformly twisted, Barbs

not sharp, not tightly wrapped and
uniformly spaced as per clause 4.

3. Finish Galvanizing not proper

Verification of Dimensions

The diameter of individual wires shall be measured at
four different points on each reel. The measurements
shall be within the specified values with the permissible
variations given in clause 3.

Galvanizing Test

The galvanizing test shall be carried out on individual
strand wires in accordance with Wapda Specification P-82
"Zinc Coating'.
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106.1

10.2

10.3

10.4

10.5

Encls:

" Breaking Stréngﬁh‘& Elongation Test -

The breaking stréngth & elongation of individual strand
wires shall be tested using suitable Ten811e Testing
Machine.

PACKING AND MARKING

The barbed wire shall be supplied, on wooden reels. The
reels shall be made from high quality wood and shall be
of sound construction, as such shall be able to with-
stand the usual rigours of transportation and handling
in the field.

There shall be only one length of barbed wire on each
reel.

-The manufacturer shall prov1de the follow1ng markings on

the outer side of flanges in a legible and 1nde11b1e
manner.,

1. Wapda Specifieation Number

2. Manufacturer's Name or Trade Mark

3. Serial Number of the Reel

4. Address of the Consignee
The manufacturer shall stamp the foldowing information
on metallic plates which shall be nailed to both sides
of the reel.

1. Size of barbed wire

2. Net weight and gross weight in Kg.

3., Serial number of the reel.

Both sides of the reel shall have an afrow mafking indi-
cating the direction of ro&ling. :

Fig. 1.
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DANGER aAnkD SIGN -PLATES

AUENDMENT NC. 1 NATED 12TIi DECEHBER, 1981

i . o

b 1. Clause 4£.2: a) Delecte the following words in 2nd

i and “3rd -kine:

Lf " galvanising and thermal shock'.

( ‘ L) Add clause 4.3 after clause 4.2 as

f under:

, » “"Clause 4.3 Thiee.random smaples of

danger, number and phase’

nlates selected [Ffom a lot

of 1000 units shall be sub-

. Jected to resistance to .-

o thermal shock test. Similarly.

three randem samples of fix- -

‘ tures sholl be subjected to

! galvanising test.  If two or

more than two units fail to

mect the .raquirements, the:
entire lot shall be rejected.

w If one unii fails another :
group of three samples shall
be sclected at random from.

- the same lot and above tests.’
repeated. If any sample from
the second grouy tails, the -
‘entire lot shall be rejected".’

LY
. S
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SPECIFICATION P2-104: 76

DANGER AND SIGN PLATES

0 FOREWORD

0.1 This specification has been;pr pared,by the Standards
and Research Directorate 9 .he Désign Department (Power)
WAPDA, Lahore. s 5 e

.  the purpose of
procurement of materia ~inc1nde the provision
ot the contract“?‘ .
0.3 A speciflcation‘o ﬂ, ger p _e&'in July, 1965
REEEL o oY NUAry 1972 a product
1
1.1
2
2.1 Materba’

2,1.1 The danger and sign plates shall b msde of hlgh grade
' sheet steel of thlckness 1' : ‘ .

2.1.2 The fixture for ﬁangqr=p1ater ;and_33 Kv shall be

manufactured from‘mild;Stqgli

2.2 Vitrecus Enamellznq

2.2.1 .The danger and sign plates shall’ be enamelled on both
‘ sides and they shall be tharqughly_qlemuxibefore enamelling.

2.2.2 The enamel shall be of even thiekness, ‘reasonably free
from cracks, patches, pin holes,. blisters and shall have
a uniform gloss, - a.. Jw::,V'& :
HR -J'« i
2.2.3 Number cf Coats of vitréous.. Enamaz Three coats of’
‘ vitreous enamel shall: be .applied on the danger and number
plates. The first coating of blaeck enamel shall be
- applied on both sides of. the plates The other two coats
of white vitrecus enamel shall be applled on the front

side of the plates only

In case of phase. platgs, three ccats of v1treous enamel
shall be applied. The flrbt coat ol the black enamel
shall be applied on both s:des The other two. coats of
red, yellow and blue colour shall‘be'applied as specified



on both.sidesiof the plate,’

Lettering T lettering hoth of English and Urdu on the
danger;plateg ’'shall be red pnamelled and the sizes of
the le%tering hall be ag given in drawing No.PDW/DF-205.
NThe danger”syﬁbol -shall also be enamelled in red colour
land” 1ts si ’thzll be as marked on the draw1ng

& : The letters shall be
Efgpaced at B -u from each other ‘
. Danger PZgE?/x R &

The danger pl&te'shall be.vitreou° enamelled and made of
high grade shoet steel of 1.5 mm thickness.

The size of the plate shall be 260 x 200 x 1.5 mm and
shall be manufactured in according with the drawing No.
PDW/DF-205. The holes &hall be provided as shown in the
drawing. Loy o , ' i
The danger plates shall be marked with the voltage value .
i.e. 11000, 33000, 66000, 132000, 220000 and 500000.
This marklng should appear at the place shown in the
drawing. ‘

Number Pth;y'

The number plate shall be of 200 x 150 x 1.5 mm size and
shall be made in accordance with the drawing No.PDW/DF-207.
Two nos hol¢s_shgll be provided as shown in the drawing.

The code of the line and the: towerpumber !shall be red
enamelled and shall be provuded as SPec1fled The code
and tower number shown on: thewdrﬁwmng are only for
reference. o E

The assemblymdt‘tﬁé number indzdﬁnger pidté to be fixed
on the tower has also been shownzln'draw1ng No.PDW/DF-207
for reference : ,

i
Phase Plate ;;

The phase plate shall be of 1l5mm dlameter with a hole
of 12mm diameter as shown 1m the dlaw1ng PDW/DF-207.
These plates shall be red blue and yellow enamelled as
specified. : - TR :

Fizture for Dgﬁger‘Plat@s

The danger plate fixture ‘is to be 'supplied only with 11KV
& 33 KV danger plates and shall be: manufactured in-
accordance with the dlmen81ons glven in drawing No.
PDW/DF-206. :

PO
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2.6.2

2.6.3.

' 2.6.4

The fixture shall be hot dip galvanised in accordance
with WAPDA Specification P-82., The average and minimum -
weight of coating shall be 610 and 550 gm/sq meter

., respectively. This corresponds to a thickness of 0,086mm
~and -0.077 mnm respectlvely _The holes shall be drilled

before galvanising

The flnish of the fixture. shall ‘conform to best commercial
practice. The galvanising shall be completely free from
lumps, blisters, uncoated or porous spots, black spots,
dross, flux or other 1mperfeot10n : ’ '

Four Nos bolts and nuts shall be supplied with each fix-

“ture as shown in the drawing,K in accordance with WAPDA

Specification .P-19 and plain steel washers shall be

- supplied 1n accordance with WAPDA Spec1ilcation P-20.

Bolfs, nuts and washers to be supplied with the fixture
shall be electro-galvanised in accordance with WAPDA
Specification P-82. The minimum thickness of coating
shall be-asifollows:~ : ,
" Local thickness . 0.025 mm
| Avefage thickness 0.038 mm
TESTS

The following .sample tests shall be carried out on the
samples selected for teéming as per clause 4..

1) Visual examlnatlon
-2) Verlflcatlon of d1mensmonsr‘
'3) ‘GalvanLSLng ‘test (on fixture only)

"4) Re51stance to thermal shock (v1treous
enamel f;nlsh) '

SAMPLING, ACCEPTANCE AND WPJECTION

Danger, number phase plates and flxtures offered for

-acceptande;shall be divided into lots containing upto

1000 units in each lot. A sample of 50 units shall be
drawn at random from each’low,

The selected samples shall be subJected to the v1sua1
examination, verificatior of dimensions, galvanising and
thermal shock tests. - If the number of defective units
is four, the lot shall be agcepted. I1f the number of

‘defective units is more than five the lot shall be

rejected. If the number of defective units 1s five,
another sample of 50 units shall be selected at random

-and subjected to tests. If the number of defective unlts

is again five ¢or more the 10t shall be rejected and if
the number of defectlve units is four or less the lot
shall be accepted '



5.1

5.3

TEST METHODS

Visual Examinaticn

" The plates and fixtures shall be visually examined in the

light of the following table:-

TABLE - 1 VISUALVEXAMINATION

R . ‘
Ezxaminattiton . . Defects

Construction Not of the shape given in drawings.

Any crack on the nuts, bolts.
Material Not of proper material.

Finish . Galvanising cf bolts, nuts, washers
and fixture not proper, presence
of black spots, blisters, fluzx,
dross, un-ccated arsgas or any cther
defects. Bolis and nuts, rusty. '
Threads marred. The plates not
properly e¢namelled, presence of
eracks, paiches, pin-holes, blisters
cr any other defeat. Letters and
numbers broken or not properly
enamelled.

Marking Misging vr in-complete.

Vertification of Dimensions

Dimensions of the danger, number, phase plates and
fixtures shall conform to those given in drawing No.
PDW/DF-205, 206 and 207 with allowable tolerances as

marked on the individual drawing. Any variation from the

specified dimensions shall constitute a defect.

Galvantsing Test

The galvanising of the bolts, nuts, washers and fixtures
shall be tested in acccrdance with WAPDA Specification
P-82 "Zinc Coatings". The weight/thickness of coating

shall conform to the values given in clause 2.6.2 & 2.6.5.

Resistarce to Thermal Shoek

This test shall be carried out by subjecting the test

specimen to radiant heat so as to reach a steady tempera-
ture of 185 - 195°C in about ten minutes. The temperature

shall be measured by means of & surtface pyrometer in

~contact with the top surface ©of the heated part of the

specimen.

Remove the radiant heat and within 5 seconds quench the
surface with 1000 ml of water at 153~-20°C direct from an

aspriator or other container through a 5 mm diameter tube,

the end of the tube bzing 150 mm above . the centre of the
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6.5
6.5.1

Enclé:

heated portion of ths ts3t specimen. The flow rate of
water shall be adjusted to 10 ml. per second. It is ¥
convenient to mark.the test area. to ensure that the water
is correctly applied. Dry the plate, replace in the same
position under radiant. heat .source and .repeat this
procedure until six cycles have been completed.

Assesgsment of Results. After subjecting.the test speci-
men to the above test, the vitreous enamel surface shall
be considered to be resistant to thermal shock provided

that the enamel shows no signs of flaklng off or crazing.

MARKING AND PACKING '_'A P

Danqer plates & number pZates'for'Gs KV linee and abcve

The danger plates:and. number plates shall be packed in
strong wooden boxes containing 100 plates in each box.
The. packing shall .be.strong enough to withstand the
rigours of transportation by rail or road.

Danger plates & fixtures for-11 & 33 KV plates

The danger plate/fixture shall be packed in strong wooden
boxes with 100 plates/fixtures in each box. The packing
shall be strong.enough to w1thstand the rigours of
transportation by rail or road.

Phaee Plates

.The phase plates shall.be packed in strong’wooden boxes.
. Each box shall contain 200 phasé plates:- '‘The paasking

shall .be strong enough .to withstand the rxgours of
transportation by rail or road.-

The packing box shall carry the Ibliéwyng‘markings:

(1) Wapda Specification number

(2) Product Description with ngtage rating
in case¢ of danger pluces

(3) Manufacturers' name or vrade mark
(4d) Number of items in the box

(8) Gross weight in kg

(6) Address of conaignee

Marking

The plates shall be marked clearly and idelibly with the
wording "WAPDA" in red enamel as shown on the 1individual
drawing in case of danger and number plates. This
marking shall be white enamelled in case of red, yellow
and ‘blue phase plates. The wording "WAPDA'" shall be
punched on the fixture. The size of lettering shall be
12 mm in each case. o

Drawing No. PDW/DF-%05

PDW/uF ~205
PDW,/DF-207
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