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APPENDIX III (Cont'd)

Horizontal and vertical rela-
tive motion of crans= rail ends

at jJoiningstice.coacasssscnaccon

Deviation of rail longitudinal
axis as against the theoreti-

cal AXiStis.nocciacoreoassacaans

APPENDICES
1mm
¥ 2.5mm.
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CONT APPENDIX III (Cont'd

Compression flange may have a
curvature in the truss plane;
L heing the truss span; the
allowable deflection due to

: ) L
this curvature iSicccsscscnsscs TEgobut max. 10mm
Space between main beamsiesaes 25mm -

CRAINK GIRDERS

Deviation of top flaﬁge in the
middle of the beam with res-

pect to the vertical plane pas-
sing through the sujpj:port axis,:
H being the girder height:ee... 56

Level difference of rail ends
¢f the two rolling tracks in
the same cross section:

= On supportisececosssscescscs 10mm

- on Span:oeo..uooaa-lovuaiqua 151’0!‘1‘!

Level difference of rolling
rails of the two neighbouring
columns ‘along the rolling
track, L being space between

COlUMNS ceconscacncooesasscnosen- ié%ﬁbUt max. - 10mm

Track gauge difference as com-
pared with the track gauge pro-

VidEE‘d it‘l th@ draWingS: oo acon 08 e. _Smm
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APPENDICES
APPENDIX TITT
6.3 ERECTICN TCLERANCE?D
STRUCTURAL LLEMENT TO WHICH MAXIMUM ALLOWABLE
THE TOLERANCE IS REFERED TOLERANCE

COLUMNS (Height = H)
Position of column axisi with
respect to the tracing axis

considered at column ba&seleas - Smm

Deviation of column top slde

from the verticali.scecsocosea H +
Tﬁﬁﬁor max - 25mm

Deflection due to column:
CUrVAtUL B eevoosonsancaanssess H
1Oooor max. 15mm
TRUSSES AND GIRDEHBS
(Height = H)

Max. deviation of support eled
vation from those shownm on

Drawings:aoeol.o.ooncn'uo-oou.n -20mm

' Deviation of top joint in the
middle of the span as against
the vertical plane passing
through supbort B3XESlscessass _H
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TRUSS

Length of truss
between supports

Deviation from
(L)

For L<2S neters

& €2 10mm

Deflection (devi-
ation of bottom
chord from hori-
zontal)

o < 1555

Length of a mem-
ber of truss

Deviation from (1)

For ls:G meters
A \<j.-‘3mm

Deflecticon of mem-
ber

S S
é~<1ooo KoM
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.FABRICATION TOLERANCES
STRUCTURAL _ MAXIMUM ALLOWABLE
MEMBER ELEMENT OF MEMBER TOLERANCE (mm)
For Hé;:io meters
H=Height + -
D s;;_iomm
A=Deviation from For H>10 meters
. A H e
theoretical length R 2 =15mm
€o cA g N TOU0»
COLUMN '
' N=Deflection (Sag) A< H_ fiqer
from straight line X 1000
a=Equal or wunequal
breadth or width
g t
/A= Deviation from [-5-\-\/\"50 < 10
corresponding (a) )
L-Length For L}ZS meters
N =Deviation from {L) /_L / |
A ._stookizomm
BEAM
(BUILT-UP) | y=Camnber
+ L
D=Deviation from (y) &é-m
h=Depth /
x
Hi-peviation! from (b) Klqb >mm
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b. Nomenclature
w Deflection.
= Length of piece

= Thickness of plece

£

L

t

B = Width of pilece
b Width of angle, flange of channel or I section
h

= Height of channel or I section.
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SECTION 6.

APPENDIX 1

STRATGHTENING OF MATSRTALS

a. Allowable Deformaticns

Maximum allowable deformation of pileces to which

cold straightening may be allowed.

ROLLED SHAPE

TYPE CF DEFORMATION

MAXIMUM ALLOW4
ABLE DEFORMA-

TION (mm)}
e
Steel sheets | Plain

<;400t

2

) L
Twist f —_—
X 400B

. L2

Angles Bending along £ <: L
Main Aris X 720b

L2

- Channels Bending along f g:

Main Axis <400h
£ <i*EE—
~x720b

<L2
I Section Bending along £ —_—
Main Axis - “®400h

2
f //*&u.




5-12
STRUCTURAL STEEL ERECTION

- Loose and unuvenly lined or spacced bolts and
rivets.

- Veriction from the specified alignment.

The Contractor shall repair all such defective

work to the complete satisfaction of the Engineer.

Finishid memboers shall be true to line and free

from twists, bends and opun jeoints.
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condensation on the surface to be painted.

5.12 CLEAN UP

de

Upon complction of the c¢rection and before final
accaptance, the Contractor shall remove all
falscwork, excavated and other material caused by
his operations, rubbish & temporary buildings,
replace or renew any fences damaged, and shall
leave the Site and adjacent property in a neat
and prcsentable condition satisfactory to the

Engincer.

5.13 ERECTION INSFECTICN AND ACCEPTANCE

A

The completced structure shall show careful
finished workmanship in all respects in addtion
to the proper compliance with the details of
construction &s shown on the Drawings and/or

specificd harein.

Final acceptance will be withheld by the Engineer
if on inspection the presence of any or all of
the following defects in any individual portion

or in gcneral are detected.

— Excossive doeflectiona
-~ Excessive camhier.

~ Non-verticality.
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b. In general, the individual pieces shall be con-
sidered plumb, leuvel and aligned if the deviation

does not exceed 1 in 500 .

FIELD PAINTING

a. All surfaces to be paintcd shall be dry and
thoroughly cleaned from all loose scale and rust
before painting of steel which is delivered un-
painted is begun.

b. Damaged or deteriorated paint surfaces shall first
be made good with same type of paint as the shop

coat.

c. Whera the stoel has received a metal coating in
the shop this coating shall be complcted on Site
so as to be continuous over any welds and Site
rivets or bolts, but Subjecf to the approval of
the Enginecr protcction‘may be completed by
painting on Site. Bolts which have been galvanized
or similarly treated arc cxempt from this require-

ment.

d. Surfaces which will be inaccessible after Site
asscembly shall receive the full specificd protec-—-

tive treatment before assembly.

.« Sitc painting snall not be done in frosty or fogoy

weather, or when humidity is such as the cause
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3. Field welding shall be done by direct current.

4. Welding electrodes shall be suitable for posi-
tions and other conditions of intended use, in

accordance with stendord welding practice.

5. The technique of welding, the appearance and
quality of welds made and the method of cor-
recting defective work shall conform to the
best practice and shall be approved by the
Engineer. |

hs Ercction Belts

1, Additional holes for bolts to assist in the
location of wclded members may be permitted

subjzct to the approval of thce Engineer.

2. Ercction bolts shiall not be assumcd to carry
any load.

5,10 ERECTION TOLERANCE

a. Some variation is to be expected in the finished
overall dimensions of the structural steelwork,
and unless specified otherwise, such variations
shall be deemed to bz within the limits of good
practice when they are not in excess of the erection

tolerances specified in Appendix ITIT .
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to the Enginecr.

Correction of Errors

1.

2

A moderate amount of reaming, chipping and
cutting to correct minor fabrication crrors

can be donc with the epproval of the Enginewr.

Tha use of a gas-—cutting tofch‘in the field for
correcting fabrication crrors' shall not be
permitted on major structurél members; its use
will be acccepted for minor members which are
not undcr stress and in any case only with the

permission of the Engineer.

surfaces

19

Bearing surfaccs and surfaces to be in permanent
contact shall be thoroughly cleancd before the

members arce assembloed.

Field Connections

1.

Riveted, boltad and welded joints shall be as
strong and rigid as thc adjeining scction and
shall be done acccording to details on the
drawings and as specificd in section 3

" Structural Steel Connections™ of this

spaecification .

No riveting, permancnt bolting or welding shall

be deone until proper alignment has been obtained.
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all match-marks shall be followed.
Lifting

1. Lifting of members shall in gencral be done in
a safe manncr and im such a way as not to impose

oxcessive stressces on any part.

2. Complex and heavy items shall be lifted at
clearly marked and carefully calculated lifting
points designed to reduce the stresses to a

minimum.

Wedges 0 ALL wedges used for leveliling up stanchions
shall bc kept as small as possible and thelr pro-
jection beyond the base plates kept to a minimum,
so. that they are totally encased by the grout.

Drift Pins

1. Drift Pins may bc used to correct minor misfits,

so as to draw ihce parts into positiong Parts
shall not be forced into correct position for
erection by pressing or knocking which could
deform the parts or subject them to additional
stresses,

2. Any errér in shop fabrication, or deformation
resulting from handling and transportation
which prevents the proper assembling and fitting
up of parts by the moderate use of drift pins,

reaming, chipping or cutting, shall be reported
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5.8 SECURITY DURING ERECTION

Qe

Ca

During <¢rection, the steelwork shall be securely
bolted or otherwise fastened so as to make

adequate provision for all stresses and conditions,

" including those due to erection, equipment and

workers welghts,

Unless adequate bracing is included as a part of
‘the permanent framing, the Contractor, shall

install temporary guys and bracing, where needed,
to secure the framing against loads such as wind
and seismic forces comparable in intensity to that
for which the structure was designed and shall

have them in position until such time as conditions
of safcty permit its removale. '

The approval of the Engineer of the plant and
equipment as noted in para, 5.3b., or the method
of erection as noted in para 5.7.a. shall not be
considered as relieving the Contractor of the
responsibility for the safety of his method or
equipment or from ekecuting and finishing the work
in full accordance with the drawings and spec-

ifications.

5.9 FIELD ASSEMBLING.

a.

Order : Steelwork shell be accurately assembled

in the ordecr shown con. the Erection brawings and
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rasponsibility.

SETTING OUT OF ERLCTICON

da

The Contractor before starting the work of erec-
tion, shall inform the Engineer as to the method
of erection he prbposes to feollow, and get his
approval. No work shall be done until such ap-
proval from the Engineer has been obtained.

The positioning and levelling of all steelwork,
the plumbing of columns and the assembly of every’
part of the structure with'accuracy shall be in
accordance with the approved drawings and to the

satisfaction of the Engineer.

Deviations in the setting cut of structural pieces
shall be witﬁin the allowable erection tolerances
given in Appendix III. Howevar if the erection
deviations are grceater than these tclerances due

to say,inaccuratepositicning of foundations or

of the anchor bolts, the Engineer shall be informed

in order to decide what steps shall be taken.

No permanent connection, riveting, welding and

bolting shall be done until as much of the

structurce as will be stiffened by such connection
has been approved with respect to alignment and

levellinge
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manner approved by the Engineer, otherwise it
shall be replaced by the Contractor.

All structural materials shall be stored at the
stockyard above the ground on platforms, skids or
other supports. It shall be kept free from dirt,
grease and other foreign matter, and shall be |
protected as far as possible from corrosion.

Girders and beams shall be kept upright and shored.

Long members, such as columns and chords shall be
supported on proper supports placed near enough to
prevent injury from deflection.

The pieces shall be sent for erection after clean-
ing all dirt and rust that may have collected durin:

storage.

FALSEWORK

The falsework shall be properly designed and subse
tantially constructed and maintained for the loads
which will come upon it.

The Contractor, if required, shall prepare and
submit to the Engineer for approval plans for

falsework.

Approval of the Contractor's plans shall not be

considered as relieving the Contractor of any
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regarding materials and executicn,.

2., Defucts in the materinls, resulting from

transpert ~nd unloading.

3. Deviaticns of the picces, which can prevent

their correct mounting.

b. - No piece shall be laid in the store before being
properly identified and registered.

c. The Contractor shall keep a register and check
the arrival of the pleces with their code against
the shopping list and proptly report in writing to
the Engineer any shortage or injury discovered.
He shall be responsible for the loss of any material
while in his care, or for any damage caused to

pieces after they are received by him.

S5e35 HANDLING AND STORING CF MATERIALS

a. Satisfactory storage place shall be planned if the
steel cannot be immediately erected. Material
shall be carefully placéd in accordance with the
specifications to avoid overstress and other

damages.

b. Any member which has become damaged from mis-—
handling or any other causes and in the opinion
of the Engineer can ke repaired without impairing

its strength, then it shall be repaired in a



5=2
STRUCTURAL STEEL ERECTION

~ The basie compenents of crection, and their
designetions which must correspond to those

marked on khoe plecese.

c. These drawings shall cover dekails of laycut for

coordination with cther trad.os and installations.

PLANT AND EQUIFPMENT

‘a. The Contractor shall provide the falsework and

all tools, machinery and appliances, including
drift pins and fitting-up bolts, necessary for the
expeditious handling of the worke.

b. The suitability and capacity of all plant and
eguipment to be used for thoe crection shall be
subject to the approval of the Engineer.

Ce 'Any item which is considpred by the Engincer to
be unsuitable or «angerous shall be removed from

the site by the Centracter.

DELIVERY OF FPABRICATED MATERIAL

a. The Contractor, on receiving the material at the
site from the fakriecation shop, shall check the

following:s

1. The existunce of certificates of quality,
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5.1 . GENERAL

a. Procedures uscd in the erection of steel vary
depending upon the type and size of structure, the
site conditions, the availability of equipment and
the Enginecr's prefercnce. Though erection
prccedures cannot be fully standardized the fol-

lowing general pattern of work shall be considereds

5.2 ERECTION DRAWINGS

a. Ercction «f the stecl structurcs shall commence
after the Contractor has made the erection dr aw-
ings fcr all fabricaked metal work he proposes to
furnish 2nd inst>ll anﬁ has got them examined and

approved by the Engineers

b. ' Thoese drawings shall be prepared in sufficient
detail sc ns to give proper guidance in the ex-
ccution of the work and shall include £he fol-
lowing details:

- The order of ercctione
- “e m~in structural dato.

- The order of conncection fixinge.

-~ The main structural axes.
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restriction in the truck size, the position
and kind of the supplementary erection joints
shall be established only after the designer's
approval.

The loading of trucks shall obey all traffic

rules and truck gauges.
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and marked that they may be delivered at the
Site in position for handling without turning
and instruction for such delivery shall be

also given along with them.

¢. Transporting

1.

A tentative schedule for the fabrication shop
and for dispatching to the Site shall be for-

warded to the Engineer. Manufacture of the
work shall be in ample time so as not to delay
erection progress, and delivered at the job
Site in such sequence -as will permit the most
efficient and economical performance of the

work.

Before Loading of the trucks, all steel work

shall have:
(a) a coat of primer paint;

(b) suitable stiffening to withstand the exces-
sive deformation and stresses produced by

1ifting devices,

Before Transporting those parts which stand

out and which would bend eu-route shall be
stiffened by metal or wooden beams. Likewise
the edge of those parts, which could be damaged
during transport, shall be protected by suit-
able means. ' '

If some pieces cannct be transported in the

lengths designed in the project due to the
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The heavy pieces shall also have the welghts
marked in a visible place. On asymmetrlcal
pisess, a circle shall be marked at the cen-

tre of gravity and alongside the weight markadn

Ta avoid mixing of the pieces of the various
gEFuctures an additional mark in a different
galour or other guitable sign indicative of

esach structure shall be affixed.

Packing

1ﬂ

Struygtural members shall be loaded in trucks

in such a manner that they may be transported

and unloaded at their destination without be-

ing exgessively stgegsed, deformed or other-

wise damaged.

All projecting parksg §E bars, and all ends of
members and joints shall be stiffened, and

all screwed ends and machined surfaces shall
pe suitably packed so as to prevent disﬁortion

during transit.

rRivets and boltz zrs eammonly shipped in se-
parate containegs Jec rdipg to length and dia-
meter, and loose mputs “nd washers are shipped

in separate contalnags ascording to size.

A list and description of the contained ma-
terial shall be plainly marked an the outside

of each closed contaipsg;

Long girders shall 5& 59 loaded on the trucks
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with a sufficient number of parallel drifts to
bring and keep the parts in place.

€. No structure or part of a structure once rejected
shall be resubmitted for test, except in cases
where the Engineer considers the defect as rec-— -
tifiable.

4,20 DISPATCHING TQO SITE FOR ERECTION

a. Marking

1, Each piece of steel work,shall be distinctly
marked before delivery, in accordance with
the marking diagram, and eéch lot shall in-
clude the certificate of quality, to the re~

. levant specifications, of the producer plant.

2. Connecting parts assembled in the shop for-the
purpose of reaming holes in the field shkall
be match-macked, and a diagram showing such

marks shall be furnished to the Engineer.

3. The fabricated units and pieces which are
dispatched "o the Site shall be distinctly
marked at ithe shop with a resistance paint

or by starping.

4. The small pieces which are dispatehed in
bundle~ or boxes shall also bear the marking
on tha boxes and bundles in accordance with

a mavking diagram.
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4,19 FABRICATION INSPECTION

Qo

The Engineer shall hawve free access at all
reasonable times to those parts of the manu-
facturer's work which are concerned with the
fabrication of the steelwork, and shall be af-
forded all reasonable facilities for satisfying
himself that the fabrication is being undertaken
in accordance with the provisions of this spe-
cification. Unless specified otherwise, inspec-
tion shall be made at the place of manufacture
prior teo dispatch and shall be conducted so as
not to interfere unnecessarily with the fabri-

cation work.

All gauges and templates necessary to satisfy
the Engineer shall be supplied by the manufac-

turer to aid in his inspection.

Any fabricated Structure or part of which does.
not comply with any of the provisions of this
specifications is liable to be rejected by the

Engineer.,

When partial or full size test of fabricated
structural members are stipulated in the cont-
ract, the Contractor shall provide suitable fa-
cilities, materials, supervision and labor ne-
cessary for making and recording the tests as
shown on the drawings and/or as required by the

Engineer. The members shall be shop assembled
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brushing or by other approved methods by the
Contractor. Unless otherwise specified the Con-
tractor shall notsand blast, falme clean or
pickle the material prior to painting.

All structural steel shall be given a shop coat
of red lead or yellow chromate metal primee im-
mediately after fabrication and before delivery.

Shop contact surfaces need not be painted unless
80 specified. If so specified, they shall be
brought together while the paint is still wet.

Surfaces not in contact, but inaccessible after
shop assembly, shall receive the full specified
protective treatment before assembly. This does
not apply to the interior of sealed hollow sec.

tions.

In the case of surfaces to be welded, the steel
shall not be painted or metal coated within a
suitable distance of any edges to be welded if
the paint specified or the metal coating would
be harmful to welders or impair the quality of
the welds etc. '

Welds and adjacent parent metal shall not be
painted prior to deslagging, inspection and
approval,

Parts to be encased in concrete shall not be

painted or oiled.
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parts into position, and not sufficient to

enlarge the holes or distort the metal.

3. The Contracter alone shall be responsible
for all! errors of fabrication and for cor-

rect fitting of structural members.

4. He shall also ke responsible for checking
the finish dimensions of masonry and foun-

dation work prior to final fabrication.

4,17 FABRICATION TOLERANCES

d.

The allowable tolerances for the dimensions, out
of alignment curvature, etc. of fabricated co-
lumns, beams, and kracing members are given in

Appendix II.

The Engineer, at such times as needed, may add
to, modify or revise the tolerance required for
various structural memberé, indit¥idually or in
conjunction with other members of the structural

framework.

4.18 SHOP PAINTING

All surfaces which are to be painted, oiled or
otherwise treated shall be dry and thoroughly
cleansed of all loose mill scale, dirt and

other foreign matter by means of hand wire
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reqular curve from end to end of truss or

beam, and shall be achieved by cold bending
only, in the shop.

A camber diagram shall be furnished to the
Engineer by the Fabricator showing the cam-
ber at each panel point of each truss, con-~-
tinuous beam line, plate girder or rigid
frame. When the unit is assembled, the cam-
ber diagram shall show the camber measured

in assembly.

Each assembly, including camber, alignment,
accuracy of holes and fit of milled joints,
shall be approved by the Engineer before

reaming is commenced.

Tests: A minimum of one test per every ten

units shall be made for the same type of cons-

truction.

Corrections

1.

Defects which may appear during assembling
shall be made good with the consent of and
according to the procedure laid down by En-
gineer. The tolerance allowed for the di-
mensions, geometric forms and element sec-

tions are indicated under para. 6«3

The drifting of holes done during asasemb-

ling shall be only such as toc bring the
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TUBULAR MEMBERS

= 1

All tubular members shall have their ends and

other holes sealed to prevent the accesc of

moisture to the inside.

SHOP ASSEMBLING

Ae

Connections

1.

The field connections of main members of
trusses, bents, continuous beam spans, towers,
plate girders and rigid frames shall be as-
sembled in the shop with the milled ends of
compression members in full bearing, and then
shall have their sub-size holes reamed to
specified size while the connections are being

assembled.

2. The structural steel connections shall be made
welded, bolted and riveted according to the
provisions of section 3. '

3, The assembly shall consist of connecting of
all members of each unit at one time.

Camber

1. All trusses and girders of 8 meters or larger
span shall he fabricated with a camber to
compensate for/dead load deflections.

2. The camper shall approximate a simple and
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b. Templates may be of timber, cardboard, sheet

steel or as specified by the Engineer.

c. All measurements in making the templates and
jigs shall be with standard steel tapes and

rules.

d. Templates used for reaming matching members, or
the oppeosite faces of a single member, shall be

“exact duplicates.

BASES TO COLUMNS AND TRUSSES

a. Bases shall be of one piece rolled steel bearing

plates and flat.

b. Plates thinner than 50 mm shall be straightened

by a press.

c. P° ~g, except when cut from material with true
surfaces, shall be accurately machined over the
bearing surface and shall be in effective con-
tact with the end of the column.

4. A bearing face which is to be grouted direct to
a foundation need not be machined if such face

is true and parallel to the upper face.

e. To facilitate grouting, holes shall be provided
where necessary in the base plate for the escape

of air.
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4.12 MACHINING

=

Column Splices, abutting joints in compression

members and girder flanges which depend on con-
tact for strees transmission shall be accurately
machined and close-butted over the whole section
with a clearance ¢of a max. of 0.1 mm so that the
permitted stress in bearing is not exceeded nor
eccentricity of loading created, which would in-

duce secondary bending in the members.

Column Caps

1. The column ends together with the attached
gussets, angles, channels, etc. shall be
accurately machined so that the parts con-
nected butt over the entire surface of con-
tact.

2. Where sufficient qussets and rivets are pro-
vided to transmit the entire load, the column
ends need not be machined, however the gap

shall not exceed 5 mm.

4,13 TEMPLATING

All templates and jigs to be used in the repeti-
tion work and/or to ensure the accuracy of the
work and/or for the interchangeability o the
parts, shall be prowvided by the Contractor.
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be checked by gauges and the space between the

gauges and the piece shall not be greater than

1 mm, The bent piece shall not have cracks or

other traces from the bending equipment.

Cold Bending shall be allowed if the radius of

curvature is equal to or greater than:

1.

2o

3.

Plates: 25 times the thickness,

Channels and T Shapes: 25h or 25b in the
plane of bending

Angl§§: 45 times b
where h = height of rolled shape
b = width of flange.

~Bending

When the radius of‘curvature is less than
the values indicated above under cold bhend-
ing, hot bending shall be done.

The metal piece shall be heated to a temper-
ature of 850% to 950°% ( light red colour)

before bending.

- If the temperature subsequently falls below

SOOOC, the bending shall be discontinued.

Before bending, the corners of the plate shall

be rounded to a radius of 1.5 mm throughout that

portion of the plate at which the bending is to

oCCur.,
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size and reamasd out after assembly. Where
this is not practicable, the parts shall be
drilled and reamed separately through hard

bushad steel jigs,

5. Holes for close tolerance bolts shall be
drilled to a diameter equal to the nominal
diameter of the shank Subject te a tolerance
of +%.13mm and -0.0mm.

6. Holes for black bolts shall be drilled not
more than 1.5mm greater than the diameter
of the bolts unless otherwise specified.

4.10 CLEARANCES

4. The erection ciearance for cleated ends of mem-
‘bers connecting steel to steel shall be not

greater than 2mm at each end.

b, The erection clcarance at ends of beams without

web cleals shall be not more than 3mm a’ each end,
but where, for practical recasons, this clearance
has to be increased, the seating shall be suitably

designed.

4.11 BENDING

a. Bendir~ ~f 2 ~~*a2] nicsce shall be done by a

bending machine or presses. The accuracy shall
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3. Holes, for close tolerance bolts to floor
beams and splice plates, shall be subpunched'
and reamed to a steel template or reamed
while assembled, to the required size and

finish.

_ 4. Holes must be clean cut without torn or ragged

edges.

€. Drilling

1. If the thickness of the material is more than
the nominal bolt diameter plus 3mm and more
than 16mm, the holes shall be either sub-
drilled or drilled to full size.

2. Holes for turned bolts and other close tole-~
rance bolts shall be subdrilled 5mm smaller
than the nominal diameter of the bolt and
reamed assembled or to a steel template or,
after assembling, drilled from the solid at
the option of the Engineer. The holes shall
not be more than 0.5mm larger than the exter-

nal diameter of the bolt.

3. When holes are drilled in one operation through
two or more separable members, these members
shall be tightly clamped and when so specified
by the Engineer, shall be separated after

driliing and the burrs removed.

4, All holes not drilled through all thicknesses

in one operation shall be drilled to a smaller
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punched or drilled, and shall not be formed

or enlarged by a gas cutting process.

2. Holes shall be circular without striations,
and their walls sthall be perpendicular to

the member surfacs.

3. Drifting to enlarge unfair holes shall not
be permitted.

4. If any holes must be enlarged to admit rivets
or bolts, such holes shall not be filed or

burned but reamed.

5. Poor matching of holes shall be cause for

rejection.

be Punching

1. Punching may be peprmitted before assembly,
provided the holes are sub-punched 3mm less
in diameter than the required size and reamed
after assembly to the full diameter. The
thickness of the material punched shall be

not greater than 16mm.

2. Holes in roof trusses, light frame work,
secondary beam and connections, gusset plates
and d¢leat angles may be punched full size
through the material, provided that the thick-
ness of the metal does not exceed 13mm and
the holes are for the black bolted and rivet-

ed connections.
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a min. 20 mm before gas cutting.

1. Mechanically-guided torch cutting may be per-

mitted for mild steel only. Gas cutting of
high tensile steel may also be permitted pro=-
vided special care is taken to leave suffi-
cient metal to be removed by machining so that
all metal hardened by the flame is removed.

2.: Manually-guided torch cutting may be permitted

subject to the approval of the Engineer.

e, Tolerances allowed for the dimensions of pieces

which are cut are given below:

1.‘ Fabrication of open structural shapes
- - Transverse joining edge + 1mm
- Longitﬁdinal joining edge + 2mm

- Free edge 3mm

1+

5., Fabrication of closed structural shapes

- Joining edge less than 10 meters + 2mm

Joining edgé greater than 10 meters +3mm

- Free edge + 4mm

4.9 HOLING.
A General

1. All holes for rivets or bolts shall be either
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CUTTING

General: Cutiing of steel plates and sections

shall be done by shearing, sawing or flame
cutting. Hand cutting of steel upto 10 mm
thickness may be permitted subject to the ap-
proval of the Engineer.

Shearing shall be used for material 12 mm or

less in thickness to be welded by butt joints
and for all thicknesses of material permitted

to be welded by lap joints. Sheared edges shall
be clean, reasonably square and free from any
distortions, and should the Engineer find it
necessary, the edges shall be ground down after-

wards.

Sawing: The edge cut by a mechanical saw shall

be carefully examined for nicks, breakage irre-
gularities and barbs. These shall be removed to

the satisfaction of the Engineer,

Gas Cutting: Th~ uss of a gas cutting torch is

permissible if the mstal being cut is not darrying
substantial stress during the operation. Gas
cutting shall give a smooth and uniform surface,
and shall be cleansed of all slag accumulation be-
fore welding. Except where the material is sub-
sequently joined by welding, no loads shall be
transferced into metal through a gas cut surface.

Re—ontrant cuts shall be filleted to a radius of
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Gauge tracing shall be made with instruments in
good condition and which shall be checked at fixed
intervals of utilizations so as to avoid errors.

When making gauges for pieces which are to be

- welded, the shrinkage of the pieces due to weld-~

ing shall be taken into account and the dimen=-
sions given in the drawings shall be accordingly
adjusted.

TRACING

de

Tracing of pieces shall be done on stands and
supports which assure the laying of the pieces
without any deformation of the pieces or gauges

. above the permitted tolerances.

The traced pieces shall be properly identified

by a paint or bv a punch.

MAKING UP

da

Each individual member shall be .of one run. In
the event this is not possible, the splice detail
made of one or more pieces shall be according to
the standard methods for splicing, the details of
which shall be submitted by the Contractor and
approved by the Engineer.
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approved by the Engineer are deemed to represent
the correct interprstation of the work to be done
However, the Contractor is not relieved of the
responsibility for mccuracy of detailed dimen-
sions shown thereon.

£. Theuse drawings shall clearly distinguish between
shop and field rivets, bolts and welds.

g. Shop drawings shall be made in conformity with
the best modern practice and with due regard to
speaed and economy in fabrication.

MATERIALS

a. Rolled materials before fabrication shall be
straight unless reguired to be of curvilinear form.

b. If straightening is necessary, it shall be done
by the methods outlined in section 2.2.d.1.

c. -Sharp kirks, bends, and twist shall be cause for
rejection of the material.

CAUGING

a. Gauging shall be done after the full scale marks

4.3
STRUCTURAL STEEL FABRICATION

A1l shop drawings prepared by the Contractor and

are plotted on a pieces
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equiped workshop within reasonable proximity to
the site.

No material shasll be manufactured in the rolling
mill or work done in the shop, befofe the En=~
gineer has been notified Iin-advance so that ins-
pection may be provided.

SHOP DRAWINGS

= ™

Ce

The Gontractor shall prepare and submit in dup-
licate detailed shop drawings to the Engineer

~for his examination and approval before fabri-

cation. After approval two final copies shall
be supplied to the Engineer for his records.

No purchase of material and fabrication shall be-
gin until such drawings have been approved. How=-
ever, when material must be ordered in advance,

specific approval of such an action shall be ob-
tainéd by the Contractor from the Engineer before

placing the order.

Any work done prior to the approval of these y
drawings 8hall be at the Contractor's risk.

These drawings shall give full detailed dimen-
sions and sizes of component parts of the struc-
ture and details of all miscellaneous parts, such
as the size and types of rivets, bolts, nuts, pins
eté., and shall clearly define all fascening me-
thods.
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4.1 GENERAL

Fabrication of structural steel consists of all
operations necessary to prepare members or groups
of members for erection into final structures.

It includes the procuring of the required steel
prior to shop operation, actuél shop operations,
and arrangements for delivery of the fabricated

parts.

Procedures used in the fabrication of steel struc-
tures vary, depending upon the type of structure,
availability of equipment. and the Engineer's pere-
ference, Althoughwfabrication procedures cannot
be fully standardiszed the following general pat-
tern of work shall be considered.

4,2 WORKMANSHIP

a.

The workmanship and finish shall be equal to the
best general practice in modern structural steel

workshops. .

As much steel-work, as is reasonably practicable
having due regards to transportation and erection

facilities, shall be fabricated in an adequately
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8. Driven rivets whoen struck with a rivet testing
hammar shaell be free from movoement and

vibraticona
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uality Centrel cof Rivets

1., All rivets that are loose, burnad, scaled
excessively, badly formed, cor othcorwise defective
shall be romoved and replaced with satisfactory

rin:tS °

2. In removing rivets, carc shall be trken not tc
“injure the adjacent material, ond if necessary,

they shall be drilled oute.

3, All rivets whose heads ar: cracked, defective
in size and form or whosc hcads are eccentric
with the shanks shall be cut out and replaced

by sound rivets.

4. Stiteh rivets that are looscened by driving of
adjacent rivets:shnll be remeved and replaced

t¢ the satisfaction of thd Enginccr,.

5. Caulking, rucuppiﬁg or double gunning of rivet

heads will not be permitted.

6. Rivet heads whon not countersunk:,. shall be of
standard approved shape, except in certain
places whore clearancegs arc required flattencd
heads may oe used, and shall be of uniform

sizo for the same wliometer of rivet.

7. Rivets which sparkle censiderably when with-
drawn from the forge are usually burned and

shall be rejected.
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Rivekting of Parts

1. Rivets shall be driven by power riveters, of

e¢ither compression or manually operated type,
cmpleoying pneumatic, hydraulic or electric

power .

Shup rivets shall be machine driven preferably
by direct-acting rivet machines of a steady
pressure type, the pressure being maintained
on the rivet for a short time after the head

is formed.

- When the use of a direct-acting rivet machine

is not practicable, pneumatic hammers of ap-

proved size shall be used.

Approved beveled rivet sets shall be usced for

forming rivet heads on sloping surfaces.

After a rivcet is heated ~And before it is inserted
in the hole, it shall be free from slag and
scale and which is chuecked by striking the hot

rivet on o metal surfoce.

After driving, they shall be tight, completely
£ill the hole while hot and with their heads

in full. contact with the surface of the member.

In riveting alceng a column or built-up girder,
the riveting must be carricd forward on all

lines uniformly tugether 2s far as practicable.
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2. Surfaces of metal in contact shall be cleaned

bufore assembling.

3. Assembled picces shall be taken apart, 1if

nccessary, for the removal of burrs and shaving

preduced by the rceaming opcration before riveting

is commenced.

Assembly of Parts to be Riveted

1l. Members to be riveted shall have all parts firm—

1y drawn and held together before and during

riveting and special care shall be taken in this

respect for all single riveted connections, For
multiple connections, a scervice bolt shall be

provided in every third or fourth hole.

2. End connection angles, stiffner angles, and
similar parts shall be carefully adjusted to
correct position and boltced, clamped or other-

wise firmly held in place until riveted,

3. Parts not completely riveted in the shop shall
be securcd by bolts, in so far as practicable,

te prevent damage in shipment and handling.

4, The drifting donc during assembling shall be
only such as to kring the parts into position,
and not sufficicent to enlarge the holes or
distort the member. Drifts of a larger size
than the nominal diametcr of the hele shall

not be allowoed.
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2o ﬁot Driven Rivets

a. The rivets shall be hcated unirormly
throughout their length te a®light cherry
red colour” by an cloctrical resistance
rivet heater, an ¢il «r gas-fired furnacc
cr by any other apprc#gd meched witkeout

burning or excessive scaling.

b. They are then inscrted in the punched or
drilled hceles of thoe stedl picces to be con-
ncetod and while hot the riveting hammer
shall shaps the head.

c. AS thu rivet cools it shzll grip the platcs
tight, producing tensien in the shank of the

rivet and compression botwoen the plates.

3, Cold-Driven Rivots

ne The rivets shall be Jdriven at room temperature
and require largoe prussurces to form the head

and complcete the process.

b. The inconvenicnce of using the equipment in

the field 1imits the use of this processe.

c. Pruparaticn of Members to be Rivotod

1, Preparatory to the shop riveting of full-sized
punched members, the rivet holes, if necessary,
shall be spear reamed for the admission of the

rivetse.
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3.4 RIVETED CONNECTIONS

a. Materials

t. Mild Stecl Rivers :  Unless otherwise specified,

structural carbon steel for riveted construction

shall confeorm with I.S8.I.R.I. specification.

2. High Tensile Steel Rivets shall comply with
ISIRI No. - Steps shall be taken to

ensure that the rivcts are so manufactured that
they can be driven and the heads formed satis-
factorily, and that the physical properties of

the stecl are ncot impaired.

b Types of Rivets

1l. General

2o Rivets shall be of sufficient length to form

a head of standard dimensions.

b. The hcads of rivets shall be of the snap
(cong, steeple, button cr mushroom) type,
neatly made and concentric with the hole but
when projecting head is not possible or is
inconvenicnt, countersunk head shall be used.

te give a flush finishe.

C. Rivetsup to 12mm in diameter may be driven
hot or celd.  Rivets larger thaen 12mm in
diamcter shall be driven hot unless they are

driven with compression reveters.
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tightencd by calibrated wrenches shall be
done in the presence of the Engineer. The
calibrated wrenches shall be sct such as
tc induce a belt tensicon 5% to 10% in
cxcess of the minimum belt tension valuc,
These wrenches shall be calibrated at least
once ¢ach working day by tightening, in a
device capable of indicating actural bolt
tension, not less than three typical bolts
of each diametcer from the balts tec be inge
talled.

The Engincer will cbhscerve the installation
and tightuning of belts to determine that
the sclected tightening procedure is pro-
perly used and all bolts propoerly tighten-
¢de The installation of lock-pin and
collar fastun.rs shall be by mcethods and

procedures approved by the Englncer.

The tolerance of bolts (difference in
diameter botween belt and hole) shall be

as followsp

ae Black bolts cuee  aoses ass MDXa 1. 5mm

b Turncd balts ... ... ese MAXe Os13mm
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but nuts need not. Washars shall be

quenched and tampered.

7. Bolted parts shall fit scolidly together
when assembled and shall not be separated
by gaskets or any other interposaed com-

pressible matcerial.

8. Wherever there is a risk of nuts becoming
locse due to vibration or. alternation cof
stresses, they shall be sccurely locked
in pesition by a cotter pin with a castel-
latcd nut and a hole drilled in the bolts
or by jam nuts, with the huavy.nut on
outside¢, or by special nuts known as
"locknuts". High initial tcnsion
in the bolts, as in high strength bolts,

also prcevents nuts from loos<ening.

9. Bclts in clcarance holes, cother than high
strength friction grip bolts, shall not
be used for carrying a force through, -&
cennection, subject to impact or vibration
or to reversal of stress (unless such
reversal is due sclely to wind forces),
except in cases where no adverse effect
on the structure weuld result from slip-
ping of thc boltse.

fo. Quality Control of Belting

1. Checking tunsion in high stroength bolts
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Defects

a. Defects which may appcar during assembling

shall be made good with the consent of
and according teo the procoedure laid down

by thc Engincer.

c. Bolting cf Rarts

1.

Before they are sct in place, all ficld
bolts shall be dipped in anti-rust paint.

Bolts shall have singlce sc¢lf-locking nuts
or dcuble nuts unless otherwisce shown on

the drawings.

Tightaning of bolts shculd be done carefully

using long tailed spanners or mechanical

devices such as calibratcd wrenches.

The cnds of bblts‘apd nuts shall rest on the
member with complete contact arca. Beveled
washers shall be us.d where bearing faces

have a slope of more than 1: 20 with respect

to a plane normal to the belt axise

Threads of bolts shall be outside the holes

by at least two pitches. To achieve this a
washer or seat nut shall be provided under
the nute

All bolts are required. to ba heat-treated
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holes reamcd to specified size while the

connections are being asscmbled.

The test assembly shall consist of con-
nection of all members of each unit at

one time.

A minimum of on2 test per every ten units
shall be made for the same type of cons-

truction.

2. Alignment

3.

de

doe

The drifting of holes done during test
assembling shall be only such as to bring
the parts into position, and not sufficient

to enlarge the holes or distort the metal.

Camber

A camber diagram shall be furnished to the
Enginecr by the fabricator showing the
camber at cach panel point of each truss,
continuous beam line, plate girder o
rigid frame. When the unit is assembled,
the camber diagram shall show the camber

measurced in test assembly.

Each test assembly, including camber,
alignment, accuracy of heles and fit of
milled joints, 3hall be approved by the

Engineer before reaming is commenced.
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bolt.

c. Preparation of Surfaces to be Bolted

1.

All joint surfaces, including those adjacent
to the bolt heads, nuts or washers, shall be
free of dirt, loose scale, burrs and other
foreign material, except tight mill scale,
that would prevent sclid seating of parts.

Contact surfaces within friction-type joint
shall be free of o0il, paint, lacquer, rust

inhibitor or galvanizing.

The slope of surfaces of bolted parts in
contact with the bolt head and nut shall not
exceed 1:20 with respect to a plane normal

to the bolt axkis, as far as possible.

The surface shall be free from twists, bends
and other deformations.

d. Test Assembly of Parts to be Bolted

1."

Shop Test Assembly

a. The field connections of main members of
trusses, bents, continuous beam spans,
tower, plate girders and rigid frames
shall be test assembled, to check
corrections of fit, in the shop with the
milled cnds of compression members in full

bearing, and then shall have their subsize
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hammers or similar hand toels. They can bo

tightencd with ordinary wrenches.

4. High Strength Friction Grip Bolts

a. These bolts are made from high carbon quenched

and tempered stecl. They shall have a mini-
mum ultimate tensile strength varying from
8750 Kg/cm2 for the smaller bolts (6mm to
12mm diametor) to 7250Kg/cm2 for the larger

bolts (30mm tc 40mm diameter).

Holes for these bolts may be made to the same
tolerance as unfinished belts, as high streng-
th friction grip bolts depend upon friction
developed boetween the surfaces of the connect-
cd members by the clamping action produced
when the nut or belt is tightcened to a pre-

determined tensiom load.

Site rivets moy bi substituted by high streng-
th friction grip bclts with the approval of

the Engincoer.

Tension in these bolts is produced by means
of impact wrenches calibrated to produce a
bolt tension 15% in excess of the required
minimum tension. Hardenced-stoeel washers
undcr the bolt and nut shall be used teo dis-
tribute the pressure of the head and nut and
thaorcbhy  prevent the cutting into the relative-

ly soft structural stccel parts hold by the
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reamed , with beolts furnished to provide for
a light driving fit (not mere than 0Jd5mm larger
than the external diameter of the bolt).

c. Turned bolts in close fitting holes may be
used in shop or field work wherc it is im=-

practicable to drive satisfactory rivets.

d. These bolts are driven intoe place with the
thread e¢ntirely outside of the holes and a
washer under the nut to give full grip (no
s1lip under load) when the nuts are turned
tight.

3. Ribbcd Bolts

a. Ribbcd bolts shall have a shank of approved
form with continuous lougitudinal ribs. The
diamcter of the shank measured on a circle
through the points of the ribs shall be 2mm
greater than the nominal diameter specified

for the body.

b. Holes for ribbued bolt shall be slightly
smaller than the diameter of the shank on the

rib so as to give a driving fit.

c. This typc of conncction is considcred to have
the same value as a riveted connection of

similar doesign and rivet size.

d. Ribbed bolts must be driv.n with pneumatic
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Common or Black Bolts

a. These are unfinished bolts forcged from rol-
led steel, round rads and have large tolerance
on shank and unless otherwise indicated it
shall be assumed that this type of bolt is

to be used,

b. Holes for unfinished bolts, shall have a
permissible clearence, that is difference in
the diameter of the hole and bolt, not exce-

eding 1.5mm for all sizes of bolts.

c. These bolts shall be used in connections
such as for purlins, girts, and other minon
connections where rigid joints are not re-

quired.

d. These boltsmay be placed without any special
tools and may be tightened with ordinary

wrencho s,

Turned or Close Tolerance Bolts

a. These are turned or finished to nave a close
tolerance 0.00mm over, 0.15mm under the nor-
mal diameter, and which have the diameter of
the threads cqual to the normal diameter of
the bolt.

Holes for turned on'finiéhed belts shall be

bo-

close fitting, being carefully drilled or
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1. Bol ts

a., Mild steel bolts : All mild steel bolts
and nuts shall have a tensile strength

of not less than 4400 Kg/c:m2 and a mini-

mum elengation of 17 per cent.

b. High tensile steel: The steel used for

the manufacture of high tensile stecel
bolts, and nuts shall be guenched and
tempered with a minimum yield.strength of
5800 Kg/cm® -

c. Special Quality ¢ The material used for

the manufacture of special quality high
tensile steel bolts and nuts shall have
the mechanical propertics appropriate to
the particular class of steel and shall
be approved by the Engincer.

2. Washcrs

a. Plain : Plain washers shall be made of the

steel corrcsponding to the bolt type.

b. Tapcred gr other specially shaped washerg
shall be made of mild stecl or mallecable

cast iron.

b. Types of Bolts : Bolts in structural steel practice

are classified under four principal typese.
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Defcetive welds shall be corrected by remov-

ing and rcplacing the entire weld,or:

- Cracks in Welds or Member: determine full
extent of crack by dye penctrant methed
or other positive mcans. Remove crack
throughout its length and depth and re-
weld.

- Lack of Fusion and Porositx ! remove

defective portions and reweld.

~ Undcrcutting and Under size welds: Clean

and dcposit additional weld metal.

- Slaqg Inclusions : remove defective portions

and rewclds.

The defective areas shall be removed by
chipping and machining . Oxygen cutting
shall not be uscd. Before rewelding the
joint shall be inspected to assure that all
of the dcfectiVQ‘weld has bcen removed. If
dyc penctration has been used to inspect the
weld, all traces of penctrant solution shall
be removed with a solvent, water, heat or other
suitable means before rewelding,

BOLTED CONNECTIONS

Ae

Materials
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base metal and weld metal to fuse at the root.
This defect may be due to faulty design of

the groove, such as excessive root-face
dimension, insufficient root gap or groove
angle or insufficient current. Incomplete
penetration may be the cause. of cracks due to

shrinkage.

d. Slag Inclusions are the metallic oxides and

other solid compounds found as elongated br
globular inclusions. These oxides are the
result of chemical reactions among the metal
the air, and the electrode coating during
deposition and solidification of weld metal.
Rapid chilling of weld mctal and insufficient
groove angle may prevent release of slag.
Slag inclusions present a particular problem

in vertical and overhcad we¢lding.

e. Porosity is the prescnce of glohular voids
or gas pockets in the weld metal. Porosity
is frequently due to the usc of excessive

current or excessive arc lengthe.

i, Corrections

2. Instead of rejecting an entire piece or
memper containing welding which is unac-
ceptable, the corrcctive measures listed

below may be permitted by the Enginecr.
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d. Welding procedures shall be submitted for

approval to the Engineers.

e. No temporary or pormanent welids, if not shown

on the plans or permitted in the specification,
shall be made withcut specific written au-
thorization by the Engineer.

f£. All weldings must have at least, the strength

of basic material.

welding Defects : The Contractor shall endeavour

to avoid the following welding defects which

constitute poor workmanship and could be cause

for rejection by the Engincer.

a. Undercutting is the burning away of basc

ba

metal. The tendency for undercutting depends
on electrode characteristics and welding
position, frequontly caused by excessive cur-
rent and excessive length of arce. Under -
cutting is casily sdctected by visual ins-

pection of the weld.

Lake of Fusion is failure of basc metal and
weld metal to fuse at any point in the growve
otherlthan the root. If surfaces are
properly cleaned and the eclectrode size,
speed, and current are properly selected,

complete fusion is assurcde.

c. Incomplete Penetration is the failure of the
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formed with light blows from a power hammer us-
ing an elongated round-nose tool. Peening shall
be done after the weld has cooled to a temperature
warm to the hand., Care shall be exercised to
prevent scaling, flaking or cold working of weld
and base metal from over-peening.

f. Quality Control

1. WO:kmanshig

a. Welding shall be performed only by qualified
welders. A list of prospective welders shall
be submitted to Engineer who at his dis-
cretion may accept evidence of previous
qualifications of any welder or check their
gualifications by testing to failure two
samples of welds in each of the three posi-

tions, viz, down-hand, horizontal and up-hand.

b, The same process and type of equipment that
is required for execution of the construction

work shall be used in qualifying welders.

¢. The quality of workmanship of each welder
shall be continuously checked by visual in-~
spection as the welding progresses. If the
quality of work of any welder appears to be
below standard, the Engineer may require a

retest of his qualificationse.
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into the suhsequently deposited weld metal.

In built-up mombers, the procedure and sequenci
of welding shall be such as will aveid needless
distortion and minimize shrinkage stresses. When
it is impossible to avoid high residual stresses
in the closing welds of a rigid assembly, such
closing welds shall ke made in compression ele-

ments.

Backing strips, used for complete-penctration
butt weld, may be removed by means of gas cut-
ting, aftcer welding is completed , provided no
injury is done to the base and weld metal and
the weld surface is left flush or slightly
convex, with the full throat thickness.

Complete-pcnetration butt welds without the aid
of backing strips shall have the root of the
initial layer gouged or chipped out on the back
side beforc welding is started from that side,
and shall bc so wclded as to securae sound mctal
and complete fusion throughout the entire in-

tunded cross scction

Incomplete-penctration butt welds shall be
made with as ncarly complete penctration and
internal soundness as the formation of the joint

and the method of w.olding will permite.

Peening of multiple~layer wolds shall be per-
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strip.

4. For manually executed long welding strips, weld-
ing shall be done in steps o©on length of 200 to
400mm. Successive weld layers shall be deposited
in a reverse direction in relation to the proceed-

ing onese.

5. Welds shall be allowed to cool slowly. Any

system of cooling acceleration is not permitted.

6. Each bead of a multi-pass weld shall be cleaned
of slag and other loose deposits before applying
the next bead.

7. No welding shall be done when the temperature
of the base metal is lower than -18°%. At
temperatures between -18°C and OOC.Fhe surfaces
of all arcas within 8 centimeters of a point
where a weld is started shall be heated until
they are not too hot to touch before welding is

started.

8. Tack welds used in the assembly of joint shall
be removed and shall not remain in the finished
joint when the joints are manually welded. If
welded by the submoerged are ProCess, the tack
weld, if it is sound, shall be thoroughly cleaned
of all welding sag and thoroughly fuséd
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than 40mm), or greater than Bmm-(fof.t‘greater
than 40mm).

2. Edge Step for piweces forming a closed struc-
tural shape shall not exceed l1mm,.

1. Thickness Differences for Pieces Under Dynamic

Stresses: The equallizing of thickness dif-
- ference shall be done by grinding.

4, Level Differences: If the level difference

is greater than that indicated for edge
unevenness, the .thicker member shall be planed

or ground down to a slope.of 1:5 .

8. wWelding of Parts

1.

The Contractor shall submit details of welding
plant, welding procedure and sequence of welding
and shall obtain the approval of the Engineer

before he begins welding.

- Weldings to the dimensions shown on the drawings

shall be made with automatic, semi-automatic or

manual welding machines.

3. The continuity of an interrupted strip of weld

shall be achicved ky melting the end of the

existing weld hefore laying the new uxtension
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practicable, aﬂd'oné,member‘offa joint shall be
‘free to move longitudinally to allow for shrin- =
xage in the weld metal.

'2.:&£§gnment

a. Lap Joints : The plates forming a lap joint
‘shall be held in as close contact as possible
during welding and in no case shall the
separation be greater than 1.5mm. Where
separation, more¢ than 1.5mm, occurs thc weld
size shall be proportionateiy increased by

that amount of separation.

b. Butt Joints: In butt joints the adjoining

- plates shall be accurately held in position
during welding, sc that in the finished joint,
the center linees of adjoining plate edges
shall not have an offsct from cach other, at
any point, in cxcess of 10 percent of the
thickness of the thinner plate or 1.5 mm

whichever is larger.
3. Tolerancnas
a. Lap Joints: Inalignment shall not exceed 1.5mm

b. Butt . ints

~
e

1. Edge Unevenness: Perpendicular to the

joining plane shall not be more than 0.1 t,
( where t is the thickness of the thinner
plate), or greater than 2mm (for t less
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c. Preparation of Surfaces

1. Surfaces to be weldsd shall be free from lcose
scale, slag, rust, preasc, paint and any other
foreign material except mill scales which with-

stand wire=brushinge.

2. Such surfaces shall also be smooth, uniform and
free from fins, tears, burrs, and other defects

which adversely affcect proper welding.

3. Wherce the stecl has beén delivered painted, the
paint shall be remcved before field welding
for a distance of at least SOmm on elther side

of joints.

4. wWhen the thickness of materials to be welded
excoeeds 35mm, the surfaces within 2 minimum
distance of 4 times the thickness from the edges
whare welding is te be started shall be heated
to a tumperature of 9SOC, and at lecast this
temperature shall be maintained for 4 thickness

wach side of the arc as welding prograessesS.

5., Welding surfaces shall not be wet from rain,
snow or ice falling on it when welding is being

done,

d. Asscmbly of Welding Parts

1, Positioning : The parts to be walded shall be

positioned for flakt position welding whenever
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3., Welding Flux =shall have alkaline characteristics

and must correspond to the conditions required
by the kind of stresses and mechanical charac-
teristics imposed at the joints. During welding
the flux humidity shall be less than 0.1% .

4. Storage facilities shall be provided by the

Contractor for keeping welding electrodes,

welding wire and flux clean and dry. They shall
be properly protected against damage from dampness
by stering in airtight containers or well heated
and adeguately ventilated stores. Welds made

with moist electrodes will frequently contain
under bead cracks particularly if the base metal

is one of the highcr strength steegls.

Types of Welds: Welds in structural steel practice

can be broadly classified under the follewing two

types:

1. Shop Welds are those which are carried out under
controlled conditions, and for which the gquality
regquirement are more stringent as outlined 1in
I.3.1.R.I

2. Field Welds are those carried out at the site

of works and/or on the steel structure under
croction.  Since quality control at the site of
works, in most cascs, is @ifficult the safety

factor shall be proportionately highter.
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3.1 GENERAL

a. Three basic type of connections are permissible,
namely:
- welded connections
- bolted connections
- riveted connections
The execution of welding should be accorded to publications
No. 20,21, 22,23, 24 and 26 of Technical Research and Standard

Bureau- Plan and Budget Organization.

3.2 WELDED CONNECTIONS

a. Materials
1. Welding Electrodes

a. Welding electrodes either of mild steel, or high
tensile steel shall be of an approved make and shall

comply with the relevant ISIRI specifications.

b. Electrodes with their coating damaged from
dampness or from any other cause shall not be used.

2. Welding Wire shall be free from rust, oil and other

impufities and shall be from an approved manufacturer.
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{b) Shop Camber: For rollzd beams, thz excess

carber shall be removed by the use of a gag
press or by flame shortening of the convex

flange.

8. Cracked Materials

{a) Cracked material shall be rejected.

Substitution: Substitutions of membexr sizes and

sccetions, or modification of details, or both,
shall be made only with specific approval of En-
ginecer and shall be based on shop drawings sub-
mitted by the Contractor.

Rejection: All materials with supcr-positions,
stratifications, exfolintions, segregations,
curvature (twisting or sword curvatures), varia-
tions of dimensions or other defects which do not
fall within standards'and codes shall be rejected
and removed from site. Any structural steel may
be rejected at any time prior to final acceptance
of the erected structure when in the opinion of
the Engineer the materials and workmanship do not

conform to the specified requirements.
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Pipes

(a) Important Plates, with pipes (cavity,
veins), which carry computed stresses,
will he rejcchked.

Laminations

{a) Maijor structural members showing lamina-
tion are usually gouged out and reinforced.
The decision depends on the extent of the
lamination and on the importance of the

piece involved.

Buckles

{(a} Buckles in girder webs are almost impos~y
sible tc remove. Webs may be held straight
by a stiffener over the center of the buck-
le, if permitted by the Engineer.

Kinks

{a) Any kink shall be removed by methods which
will not injure the metal, otherwise the
piece shall be rejected.

Fills

(a) Underfills generally shall be a cause for

rejection.

(b} Overfills may be accepted if the resulting
appearance is not objectionable.

Cambers

{a) Mill Camber: Beams and channels with ex-

cessive cambar shall be straightened after
allowing for any camber callad for on the
drawings.
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reports and require shop inspection prior to de-
livery to the site. The Engineer may at anytime
call for the testing of a sample of material by
an autorized laboratory from each lot of 10 tons (max.)

to the following tests:

- Tensile and Elongation test.
Cold Bending test.
Bending Impact test.

H

Chemical Composition test.

Corrzction of Defects

1. Straiqhtening: All materials shall be straight

(i.e. the ratio of maximum curvature to span
length does not exceed 1:1n00 and, in no case,
the absolute curvature is greater than 10 mm. )
unless required to be of a curvilinear shape,
and shall be frec from twists. If straighten-
- ing and/or flattening is necessary, it shall
be donz by methods that will not injure the
metal, that is, by mecans of rollers, presses
or otncr machines which ensure & gradual ap-
vlication of load. Straightening by hammering

will not be permitted.

(a) Cold Straightening of a pizce is permis-

sible if its curvature does not zxceed

the wvalues indicataed in Appendix I.

(b) Hot Straightening of a piece with a cur-
vature greater than that indicated in Ap-
pendix I, shall bc- done at a temperature
of 7000C over that vortion to be rectified.

Straightening of piecas heated to blue
shall not be allowed.
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CLASSIFICATION OF QUALTITY

General: All struckural steel used in general

construction shall romply with the Iranian Stan-~
dard Specification and shall meet the following

minimum regquirements:

1. Standard Quality

Yléld point atress'..u,,...,,2200i100'kg/cm2
Ultimate tensile. =trength.,°,3700 kg/cm2
Elonqatlon at Ultlmate strengthooo,.,22%—25%

2. High Strenqth Quality

Yield point ;ﬁfesé‘,..;,.a?,.36003100 kg/cm2
“Ultimate tensile strengthe...5200 = . kg/cm2
Elongation at Ultimate strength .........22%

Special Qualitys  gtructural steel with special

physical and chemical characterlstlcs may be used

only with sp;cxflc approval of the Engineer based
on the certificates of testings by a qualified

laboratory.

QUALITY CONTROL

a\’

General: Steel shﬁll pe free from all internal and
external dquCtS impairing strenqth durability and

appearance.

Testing: The Saglaecer may require mill tests and

inspection, or he may accept certified mill test
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quantities of samples or other satisfactory:evidengé
as tc the kind and quality of materials and workman-
ship, when so reguired by the Engineer.

Material delivered to the site which are in any way
inferior to the approved samples and/or fail to meet
the relevant requirements shall be rejected and removed
from the site.

PREVALENCE OF DOCUMENTS

a. -Where the Contract Drawings and the clauses of this
specification contradict, the contractor drawings
are prevail.

INSPECTION

a. The Engineer shall have free access, at all reasonable

times, to inspect the materials in the mill, stockyard,
shop and field. However, this shall not relieve the
Contractor of his responsibilities to furnish satlsfac-
tory materials.
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GENERAL REQUIREMENTS

—
—

1.1 SCOPE OF WORK

Qe

Structural steelwork shall include the provision of

all labour, materials, equipment and services, and the
performance of all operations required for the complete
execution of all works as specified herein or indicated
on the Drawings, in accordance with the requirements of
the Contract Documents and to the complete satisfaction

of the Engineer.

1.2 STANDARDS AND CODES

Ada

All materials shall m=et the requirements of the res-
pective Iranian Standards (I.S$.I.R.I.) and such addi-
tional requiremehtSJas specified‘hereih; The materials
which have not‘beén cpveéred in these specifications and
for which no Iranian 5tandards have been prepared shall
meet the requirements of such International Standards

“and Codes approved by the cingineer,

1.3 SAMPLES AND TESTS

All materials and workmanship shall be subjected to the
test indicated hereinafter and/or any additional test

as may be required by the Engineer.

The Contractor shall, before proceeding with the works

and at his own expense, furnish for approval sufficient
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5.12 Clean up 5-11

5.13 Erection, Inspection and Acceptance 5-11 to 5-12
SECTION 6 ~ APPENDICES

6. 1 Straightening cf Materials 6=1 to 6-2

6., 2 Fabrication Toleérances 6-3 to 6-4

6. 3 Erection Tolerances 6-5 to 6-7
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Materials

Gauging

Tracing

Making up

Cutting

Holing

Clearances

Bending

Machining

Templating

Bases to Columns and Trusses
Tubular Members ﬁ

Shop Assembling
Fabrication Tolerances
Shop FPainting
Fabrication Inspection

Dispatching to Site For Erection

5TRUCTURAL STEEL ERSCTION

Genefral .

Erection Drawings

Plant and Equipment

Déiivery of Fabricated Material
Handling and storing of Materials
Falsework

Setting out of Erection

Security During Erection

Field Assembling

Erection Tolerance

Field Painting

4m3

4-3 to 4-4
4~ 4

4m4q

4-5 to 4-6
4mB to 4m?
49

4-9 to 4=10
4e11

411 to 4=12
4-12

4-13

4-13 to 4-15
4-15

4-15 to 4.16
4-17 to 4-18
4-18 to 4.21
5-1

5-1 to 5-2
5-2

5-2 to 5-3
5-3 to 5=4
54 to 5=5
5~ 5

5-6

5-6 to 5«9

5-9 to 5-10
5-10 to 5-11
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