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AWS D1.1-2015
Structural Welding Code-Steel
AWS D1.8 -2009
Structural Welding Code- Seismic Supplement
AISC-360-2016
Specification for Structural Steel Buildings
AISC-341-2016
Seismic Provisions for Structural Steel Buildings

AISC-303-2016
Code of Standard Practice for Steel Buildings and Bridges



AISC- 358-2016

Prequalified Connections for Special and Intermediate Steel
Moment Frames for Seismic Applications

AISC- STEEL CONSTRUCTION MANUAL-2011

AISC- Design Guide-1- 2006
Base Plate and Anchor Rod Design

AISC- Design Guide-21- 2006

Welded Connections-A Primer for Engineers

AISC- Design Guide-29- 2014
Vertical Bracing Connections—Analysis and Design

RCSC-2014
Specification for Structural Joints Using High-Strength Bolts
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3.1. Structural Design Drawings and Specifications

The structural design drawings shall clearly show the work that is
to be performed and shall give the following information with
sufficient dimensions to accurately convey the quantity and
nature of the structural steel to be fabricated:

(@) The size, section, material grade and location of all members;
(b) All geometry and working points necessary for layout,

(c) Floor elevations;

(d) Column centers and offsets;

(e) The camber requirements for members,

() Joining requirements between elements of built-up members;

() The information that Is required in Sections 3.1.1 through
3.1.6.

The structural steel specifications shall iInclude any special
requirements for the fabrication and erection of the structural steel.



3.1.1. Permanent bracing, column stiffeners, column web doubler
plates, bearing stiffeners in beams and girders, web reinforcement,
openings for other trades and other special details, where required,
shall be shown in sufficient detail in the structural design drawings so
that the quantity, detairling and fabrication requirements for these items
can be readily understood.

3.1.2. The owner’s designated representative for aesign shall indicate
one of the following options for each connection.

(1) The complete connection design shall be shown iIn the
structural design drawings;

When option (1) above iIs specified, the following Information shall be
considered:

(a) All weld types, sizes, and lengths,

(b) All bolt sizes, locations, guantities, and grades,

(c) All plate and angle sizes, thicknesses and dimensions, and,
(d) All work point locations and related information.



(2) In the structural design drawings or Sspecifications, the
connection shall be designated to be selected or completed by an
experienced steel detailer,

When option (2) above is specified, the experienced steel detailer shall
utilize tables or schematic Information provided in the structural
aesign drawings in the selection or completion of the connections.
When such information Is not provided, tables In the AISC Steel
Construction Manual, or other reference information as approved by
the owner’s designated representative for design, shall be used.

(3) In the structural design drawings or Sspecifications, the
connection shall be designated to be designed by a licensed
professional engineer working for the fabricator.

When option (3) above Is specified.

(a) The fabricator shall submit in a timely manner representative
samples of the required substantiating connection information to the
owner’s adesignated representatives for design and construction.



o The owner’s designated representative for aesign shall confirm in
writing In a timely manner that these representative samples are
consistent with the requirements In the contract documents, or shall
aavise what modifications are required to bring the representative
samples Into compliance with the requirements In the contract
adocuments. This initial submittal and review Is In addition to the
requirements in Section 4.4.

o (b) The licensed professional engineer In responsible charge of the
connection design shall review and confirm in writing as part of the
substantiating connection Information, that the shop and erection
arawings properly incorporate the connection designs. However, this
review by the licensed professional engineer In responsible charge of
the connection design does not replace the approval process of the
shop and erection drawings by the owner’s designated representative
for design in Section 4.4.

o (c) The fabricator shall provide a means by which the substantiating
connection information Is referenced to the related connections on the
shop and erection drawings for the purpose of review.



When option (2) or (3) above Is specified, the owner’s aesignated
representative for design shall provide the following information in
the structural design drawings and specifications.

(a) Any restrictions on the types of connections that are permittea;

(b) Data concerning the loads, including shears, moments, axial forces
and transfer forces, that are to be resisted by the individual members
and their connections, sufficient to allow the selection, completion, or
aesign of the connection details while preparing the shop and erection
arawings,

(c) Whether the aata required in (b) Is given at the service-load level
or the factored-load level;

(d) Whether LRFD or ASD Is to be used in the selection, completion,
or adesign of connection details, and,

(e) What substantiating connection information, If any, Is to be
provided with the shop and erection drawings to the owner’s
aesignated representative for aesign.



« 3.1.3 When leveling plates are to be furnished as part of the
contract requirements, their locations and required thickness and
sizes shall be specified in the contract documents.

o 3.1.4. When the structural steel frame, in the completely erected
and fully connected state, requires Interaction with non-
structural steel elements (see Section 2) for strength anad/or
stability, those non-structural steel elements shall be identified in
the contract documents as required in Section 7.10.

o 3.1.5 When camber Is required, the magnitude, direction and
location of camber shall be specified in the structural design
arawings.



3.1.6. specific members or portions thereof that are to be left
unpainted shall be identified in the contract documents. When
shop painting Is required, the painting requirements shall be
specified in the contract documents, including the following
Information.

(a) The identification of specific members or portions thereof to
be painted,

(b) The surface preparation that is required for these members,

(c) The paint specifications and manufacturer’s proauct
/dentification that are required for these members, ana,

(d) The minimum ary-film shop-coat thickness that Is required
for these members.



3.3. Discrepancies

When discrepancies exist between the design drawings and
specifications, the design drawings shall govern.

When discrepancies exist between scale dimensions in the design
drawings and the figures written in them, the figures shall govern.

When discrepancies exist between the structural design drawings and
the architectural, electrical or mechanical design drawings or design
drawings for other trades, the structural design drawings shall
govern.

When a discrepancy Is discovered in the contract documents In the
course of the fabricator’s work, the fabricator shall promptly notify
the owner’s designated representative for construction so that the
discrepancy can be resolved by the owner’s designated
representative for design. Such resolution shall be timely so as not to
aelay the fabricator’s work. See Sections 3.5 and 9.3.



SECTION 4. SHOP AND ERECTION DRAWINGS

4.1. Owner Responsibility

The owner shall furnish, in a timely manner and in accordance with
the contract documents, complete structural design drawings and
specifications that have been released for construction. Unless
otherwise notead, design drawings that are provided as part of a
contract bid package shall constitute authorization by the owner that
the design drawings are released for construction.

4.2. Fabricator Responsibility

Except as provided in Section 4.5, the fabricator shall produce shop
and erection drawings for the fabrication and erection of the
structural steel and Is responsible for the following:

(@) The transfer of information from the contract documents into
accurate and complete shop and erection drawings, and,

(b) The development of accurate, detailed dimensional
information to provide for the fit-up of parts in the field.



o Each shop and erection drawing shall be identified by the same
drawing number throughout the duration of the project and shall be
identified by revision number and date, with each specific revision
clearly 1dentified.

o When the fabricator submits a request to change connection
detalls that are described in the contract documents, the fabricator
shall notify the owner’s designated representatives for design and
construction In writing In aavance of the submission of the shop and
erection drawings. The owner’s designated representative for
design shall review and approve or reject the request in a timely
manner.

» When requested to do so by the owner’s designated representative
for design, the fabricator shall provide to the owner’s designated
representatives for design and construction its schedule for the
submittal of shop and erection drawings so as to facilitate the
timely flow of information between all parties.



4.4. Approval

Except as provided In Section 4.5, the shop and erection drawings
shall be submitted to the owner’s designated representatives for
design and construction for review and approval. The shop and
erection drawings shall be returned to the fabricator within 14
calenaar aays.

Final substantiating connection Iinformation, if any, shall also be
submitted with the shop and erection drawings. The owner’s
aesignated representative for design iIs the final authority in the event
of a disagreement between parties regaraing connection aesign.

Approved shop and erection drawings shall be indiviadually annotated
by the owner’s designated representatives for design and construction
as either approved or approved subject to corrections noted. When so
required, the fabricator shall subsequently make the corrections
noted and furnish corrected shop and erection drawings to the
owner s designated representatives for design and construction.



4.4.1. Approval of the shop and erection drawings, approval subject
to corrections noted and similar approvals shall constitute the
following:

(a) Confirmation that the fabricator has correctly Interpreted the
contract documents in the preparation of those submittals,

(b) Confirmation that the owner’s designated representative for adesign
has reviewed and approved the connection details shown on the shop
and erection drawings and submitted in accordance with Section 3.1.2,
If applicable; ana,

(c) Release by the owner’s designated representatives for design and
construction for the fabricator to begin fabrication using the approved
submittals.

Such approval shall not relieve the fabricator of the responsibility
for either the accuracy of the detailed dimensions in the shop and
erection drawings or the general fit-up of parts that are to be
assembled in the field.

The fabricator shall determine the fabrication schedule that Is
necessary to meet the requirements of the contract.
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Metric units:

-+

Jmax

}

dmax

TF

Flange-tilt tolerances:
T+ T =6mmford< 300mm
2: = 8mm for d > 300mm
{ Actual depth with tolerances:
1 dy = dplus or minus 3mm
i dmax =d+T+T
f* Actual flange width with tolerances:
JI\ b* = 1/2 bs plus or minus 5mm
N7 A b- = 1/2 b minus or plus 5mm
bmax = byplus 6mm or minus 5mm
b-
Y
— — ~ — — — ~
@// —~ i o — //r@
f 1
{ Actual cross-section (
11 ; /:
, S 1
{ f Theoretical cross-section
1 :j
B ey AV~

Figure C-5.1. Mill tolerances on the cross-section of a W-shape.




TABLE A1.16 Permltied Varlatlons In Cross Sectlon for W, HP, S, M, C, and MC Shapes

Note 1—A is measured at center lines of web for 5, M, W, and HP shapes; at back of web for C and MC shapes. Measurement is overall for C shapes
under 75 mm. B is measured parallel to flange. C is measured parallel to web.
Nome 2—Where “...” appears in this table, there is no requirement.

124
: T r
P- — T
z l
ﬁ
7
c % c A
]
F
Z
__________ zh Al
N T l r - L T
M L
x
Permitted Variations in Sectional Dimensions Given, mm
C Mani Permitted Variations Over or Un-
! » MaXimum  der Theoretical Web Thickness for
Section A, Depth B, Flange Width T+T# Depth at any  Thicknesses Given in Millimetres
N X E. Web . '
Shape Mominal Size, Flanges Out- Cross Section mm
5 off Center®
mim of-Square over Theoret-
Owver Under Owver Under ical Depth 5 and Over 5
Theoretical Theoretical Theoretical Theoretical Lnder
Wand HP  up to 310, incl 4 3 5 5 6 5 6
over 310 4 3 B 5 a8 5 6
Sand M 75 to 180, incl 2 2 3 3 0.03 5
over 180 to 360, incl. 3 2 4 4 0.03 5
over 360 to 610, incl 5 3 5 5 0.03 5
Cand MC 40 and under 1 1 1 1 0.03 0.2 0.4
over 40 to 75, excl 2 2 2 2 0.03 0.4 0.5
75 to 180, incl 3 2 3 3 0.03
over 180 to 360, incl 3 3 3 4 0.03
over 360 5 4 3 5 0.03

AT + T applies when flanges of channels are toed in or out. For channels 16 mm and under in depth, the permitted out-of-square is 0.05 mm/mm of depth. The permitted
variation shall be rounded to the nearest millimetre after calculation.

SPermitted variation is per millimetre of flange width for S, M, C, and MC shapes.

“Permitted variation of 8 mm max for sections over 634 kg/m.



TABLE A1.17 Permltted Varlatlons In Cross Sectlon for Angles (L Shapes), Bulb Angles, and Zees

Note |—Where “..." appears in this table, there is no requirement.
B
T
_l_" """'."Lt_
_u_ : 4-.;; -
Al T Tl A
E =iy #-:lf-\f—— s T
"'\-:':l?‘— ‘ r"_/?‘l_cj:
B_14T | LE.
Bub angles Zees
Pemmitted Variations in Sectional Dimensions Given, mm
Permitted Variations Over or Under
A, Depth B [;EE ::ﬁﬂt:; or T Out-of- Theoretical Thickness for Thick-
Section Nominal Size, mm Square per nesses Given in Millimetres, mm
Over Under Over Under Millimetre of B g5 ang Over § Over 10
Thearetical Theoretical  Theoretical Theoretical Under to 10
Angles® (L shapes) 25 and under 1 1 0.026% 0.2 0.2
over 25 to 50, incl 1 1 0.026% 02 02 0.3
over 50 to 75, excl 2 2 0.026% 0.3 04 04
75 to 100, incl 3 2 0.0268
over 100 to 150 incl 3 3 0.0268
over 150 5 3 0.0268
Bulb angles (depth) 75 to 100, incl 3 2 4 2 0.026°
over 100 to 150, incl 3 2 4 3 0.026%
over 150 3 2 5 3 0.026%
Zees 75 to 100, incl 3 2 4 2 0.0267
over 100 to 150, incl 3 2 4 3 0.0268

“For unequal leg angles, longer leg determines classification.

50.026 mm/mm = 1%% °. The permitted variation shall be rounded to the nearest millimetre after calculation.



TABLE A1.18 Permitted Varlatlons In Sectlonal DiImenslons for Rolled Tees

Note 1—*Back of square and center line of stem are to be parallel when measuring “out-of-square.”
Note 2—Where “..." appears in this table, there is no requirement.

1B+E

Tees

Permitted Variations in Sectional Dimensions Given, mm

A, Depth? B, Width® T, Out-of- E, Web Stem Thickness of Flange  Thickness of Stem
Nominal Size® Square per Oft-Cen- Out-of-
Over Under Over Under  Millimetre of B ter, max Square® Over Under Over Under
30 and under 1 1 1 1 1 0.2 0.2 0.1 0.5
Over 30 to 50, incl 2 2 2 2 2 0.3 0.3 0.2 0.5
Over 50 to 75, excl 2 2 2 2 2 0.4 04 04 0.5
75 to 125, incl 2 2 3 3 0.03 2
Over 125 to 180, incl 2 2 3 3 0.03 3

“The longer member of an unequal tee determines the size for Permitted variations.
BMeasurements for both depth and width are overall.

CStem out-of-square is the permitted variation from its true position of the center line of stem, measured at the point.



TABLE A1.19 Permitted Varlations In Length for S, M, C, MC, L, T, Z, and Bulb Angle Shapes

Note 1—Where “...” appears in this table, there is no requirement.
Permitted Variations From Specified Length for Lengths Given in Metres, mm

Nominal

Size A mm 1510 3, excl 3 to 6, excl 6109, incl Over 91012, incl  Ower12to 15, incl  Over 1510 20, incl Over 20 m
' Over Under Over Under  Over Under Over Under Over Under Over Under  Over  Under
Under 75 16 0 25 0 a8 0 51 0 64 0 64 0
75 and over 25 0 a8 0 45 0 57 0 70 0 70 0
AGreatest cross-sectional dimension.

TABLE A1.20 Permitted Varlatlons In End Out-of-Square for
S, M, C,MC, L, T, Z, and Bulb Angle Shapes

Shapes Permitted Vanation
S, M, C, and MC 0.017 mm per millimetre of depth
LA 0.026 mm per millimetre of leg length or 1% °
Bulb angles 0.026 mm per millimetre of depth or 112 °
Rolled tees” 0.017 mm per millimetre of flange or stem
Zees 0.026 mm per millimetre of sum of both flange
lengths

APermitted variations in ends out-of-square are determined on the longer
members of the shape.




TABLE A1.21 Permitied Varlatlons In Stralghtness for S, M, C, MC, L, T, Z, and Bulb Angle Shapes

IR

- il BE et o s A WEHE R = = CanmBif

l :
L i
— — L

Beam Channel Angle
[8 and H) {C and MC) (L1

W

e (G AMBER CAMBER

i
1
]
I
[
i
I
I
|
1
]
1
1
I
i
[
1
1
I

[

—

L
Tee iee

Positions for Measuring Camber of Shapes

Variable Mominal Size,”® mm Permitted Variation, mm
Camber under 75 4 » number of metres of total length
75 and over 2 » number of metres of total length
Sweep all Due to the extreme variations in flexibility of these shapes, permitted variations for sweep are subject to

negotiations between the manufacturer and the purchaser for the individual sections involved.

“Greatest cross-sectional dimension.



TABLE A1.22 Permitted Varlatlons In Length for W and HP Shapes

Permitted Variations From Specified Length for Lengths Given in Metres, mm™8

W Shapes 9 and Under Over 8
Qver Under Over Under
Beams 610 mm and under in nominal depth 10 10 10 plus 1 for each additional 1 m or fraction thereof 10
Beams over 610 mm in nominal depth and all columns 13 13 13 plus 1 for each additional 1 m or fraction thereof 13

*For HP and W shapes specified in the order for use as bearing piles, the permitted variations in length are plus 125 and minus 0 mm. These permitted variations in

length also apply to sheet piles.
5The permitted variations in end out-of-square for W and HP shapes shall be 0.016 mm per millimetre of depth, or per milimetre of flange width if the flange width is

larger than the depth. The permitted variations shall be rounded to the nearest millimetre after calculation.

TABLE A1.23 Permltted Varlatlons for Length and End Out-of-Square, Milled Shapes
Permitted Variations in Length and End Qut-of-Square, mm"*

Milled Both Ends” Miled One End"“
End Out-
Nominal Depth, mm Length,’m Length End Out: Length of-Square-
Over Under of-Square Over Under {fnlr;;l}:ed
150 to 920 21021 1 1 1 6 6 1

“The permitted variations in length and end out-of-square are additive.
BLength is measured along center line of web. Measurements are made with the steel and tape at the same temperature.
“End out-of-square is measured by (a) squaring from the center line of the web and (b) squaring from the center line of the flange. The measured variation from true

squareness in either plane shall not exceed the total tabular amount.




TABLE A1.24 Permlited Varlations In Stralghtness for W and HP Shapes

I, = = AWEER
= CAMAA t

1

Positions for Measuring Camber and Sweep of W and HP Shapes

Permitted Variation in Straightness, mm

Camber and sweep 1 % number of metres of total length®

When certain sections® with a flange width approximately equal to depth are
specified in the order for use as columns:

Lengths of 14 m and under

Lengths over 14 m

1 number of metres of total length, but not over 10
10 +[1 * (number of metres of total length — 14 m]]

“Sections with a flange width less than 150 mm, permitted variation for sweep, mm =2 x number of metres of total length.
SApplies only to:

200-mm deep sections—46.1 kg/m and heavier,

250-mm deep sections—73 kg/m and heavier,

310-mm deep sections—87 kg/m and heavier, and

360-mm deep sections—116 kg/m and heavier.
For other sections specified in the order for use as columns, the permitted variation is subject to negotiation with the manufacturer.
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See Lot Definition

Froduct ASTM Standard ST Sootior
A3} 94
Conventional holts

A0 114

Twist-offdype tension- 1602 194
control bolt assemblies ) 111
Nuts A363 9.

Washers F436 9.
Compressible-washer-type coge "y

direct tension indicators




2.3. Heavy-Hex Structural Bolts

2.3.1. Specifications: Heavy-hex structural bolts shall meet the
requirements of ASTM A325 or ASTM A490. The Engineer of
Record shall specity the ASTM designation and type of bolt (see
Table 2.1) to be used.

2.3.2. Geometry: Heavy-hex structural bolt dimensions shall meet the
requirements of ANSI/ASME B18.2.6. The bolt length used shall be
such that the end of the bolt extends beyond or 1s at least flush with
the outer face of the nut when properly installed.

2.3.3 Reuse: ASTM A490 bolts, ASTM F1852 and F22850 twist-ofi-
type tension-control bolt assemblies, and galvanized or Zn/Al
Inorganic coated ASTM A325 bolts shall not be reused. When
approved by the Engineer of Record, black ASTM A325 bolts are
permitted to be reused. Touching up or re-tightening bolts that may
have been loosened by the installation of adjacent bolts shall not be
considered to be a reuse.



Table 2.1. Acceptable ASTM A563 Nut Grade and Finish
and ASTM F436 Washer Type and Finish

ASTM|Bolt Bolt Finish ° ASTM A563 Nut ASTM F436 Washer
Desig.[Type Grade and Finish “ Type and Finish **
Plain (uncoated) C.C3. D, DH. and DH3; 1; plain
plain
1 Galvanized DH = Eﬁ;ﬁ?g’::ded and 1; galvanized
A325
Zn/Al Inorganic, per DH ©; Zn/Al Inorganic, per 1; Zn/Al Inorganic, per
ASTM F1136 Grade 3 ASTM F1136 Grade 5 ASTM F1136 Grade 3
3 Plain C3 and DH3; plain 3; plain
Plain (uncoated) C. C3.DH " and DH3; 1; plain ®
plain
1
F1852 Mechanically DH °; mechanically 1; mechanically
Galvanized galvanized and lubricated galvanized "
3 Plain C3 and DH3; plain 3: plain g
Plain DH® and DH3; plain 1; plain
A490 1 Zn/Al Inorganic, per DH °; Zn/Al Inorganic, per 1; Zn/Al Inorganic, per
ASTM F1136 Grade 3 ASTM F1136 Grade 5 ASTM F1136 Grade 3
3 Plain DH3: plain 3; plain
1 Plain DH © and DH3; plain 1; plain
F2280
3 Plain DH3; plain 3; plain®

Applicable only if washer is required in Section 6.
Required in all cases under nut per Section &.

® The substitution of ASTM A194 grade 2H nuts in place of ASTM A563 grade DH nuts is
permitted.

mechanical galvanizing in accordance with ASTM B695.

“Galvanized” as used in this table refers to hot-dip galvanizing in accordance with ASTM F2329 or

"Zn/Al Inorganic” as used in this table refers to application of a Zn/Al Corrosion Protective

Coating in accordance with ASTM F1136 which has met all the requirements of IF|-144.
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ASTM A325 and ASTM A490 currently provide for two types (according to
metallurgical classification) of high-strength bolts, supplied in diameters from 12
mm. to 38§ mm. inclusive. Type 1 covers medium carbon steel for ASTM A325
bolts and alloy steel for ASTM A490 bolts. Type 3 covers high-strength bolts that
have improved atmospheric corrosion resistance and weathering characteristics.
When the bolt type is not specitied, either Type I or Type 3 may be supplied at the
option of the manufacturer. Note that ASTM F1852 and ASTM F2280 twist-ofl-
type tension-control bolt assemblies may be manufactured with a button head or
hexagonal head; other requirements for these fastener assemblies are found in
Section 2.7.

Regular heavy-hex structural bolts and twist-ofi-type tension-control bolt
assemblies are required by ASTM Specifications to be distinctively marked. Certain
markings are mandatory. In addition to the mandatory markings, the manufacturer
may apply additional distinguishing markings. The mandatory and sample optional
markings are illustrated in Figure C-2.1.

ASTM Specitications permit the galvanizing of ASTM A325 bolts but not ASTM
A490 bolts. Similarly, the application of zinc to ASTM A490 bolts by metallizing
or mechanical coating is not permitted because the eftect of mechanical galvanizing
on embrittlement and delayed cracking of ASTM A490 bolts has not been fully
investigated to date



Bolt/Nut

ASTM A325 bolt

Three radial lines 120°
apart are optional

ASTM F1852 bolt

Three radial lines 120°
apart are optional

ASTM A490 bolt

ASTM F2280 bolt

Arcs indicate Arcs with “3” indicate
ASTM A563 nut Grade C Grade C3 Grade D

Grade DH Grade DH3

XYZ represents the manufacturer’s identification mark.
ASTM F1852 and ASTM F2280 twist-off-type tension-control bolt assemblies are
also produced with a heavy-hex head that has similar markings.

Figure C-2.1. Required marlks for acceptable bolt and nut assemblies.



Galvanized high-strength bolts and nuts must be considered as a manufactured
fastener assembly. Insofar as the hot-dip galvanized bolt and nut assembly is
concerned, four principal factors must be considered so that the provisions of this
Specification are understood and properly applied. These are:

(1) The effect of the hot-dip galvanizing process on the mechanical properties of
high-strength steels;

(2) The effect of over-tapping for hot-dip galvanized coatings on the nut stripping
strength;

(3) The effect of galvanizing and lubrication on the torque required for
pretensioning; and,

(4) Shipping requirements.

ASTM A325 and A490 bolts are manufactured to dimensions as
specitied in ANSI/ASME B18.2.6. The basic dimensions, as defined
mn Figure C-2.2, are shown in Table C-2.1.



Table C-2.1. Bolt and Nut Dimensions

Nominal Bolt

Heavy- Hex Bolt Dimensions, in.

Heavy-Hex Nut Dims., in.

Diameter, d,, in. Width across Height, H, Thread Width across | Height,

flats, F Length, T flats, W H;

b 7 i 1 7z e
% 1V o4 1% 1% s
% 1% s 19 1% s
T 17 Ths 1% 17 S
1 1% Tt 1% 1% Vs
1% 1% i 2 1% 1 %64
1% 2 2529 2 2 1752
1% 219 24 214 2% 1%
1% 2% % 2% 2% 1'%




i
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Figure C-2.2. Heavy-hex structural bolt and heavy-hex nuit.

—



To determine the required bolt length, the value shown in Table C-2.2
should be added to the grip (i.e., the total thickness of all connected
material, exclusive of washers). For each ASTM F436 washer that Is
used, add 5/32 in (4mm).; for each beveled washer, aad , 15/16 in (8
mm). The tabulated values provide appropriate allowances for
manuftacturing tolerances and also provide sufficient thread
engagement with an installed heavy-hex nut.

The length determined by the use of Table C-2.2 should be adjusted
to the nearest 1/4 in (6 mm). length increment [1/2 In. (12 mm) length
Increment for lengths exceeding 6 in (150 mm).]



Table C-2.2. Bolt Length Selection Increment

Nominal Bolt To_Determine the
Diameter, d,, in. Required Bol_t Le_:ngth,
Y Add to Grip, in.
Ve Ve
Ve 2
Z 1
7 1%
1 1Va
1% 1%
17 1%
1% 1%
17 1%




2.4. Heavy-Hex Nuts

2.4.1. Specifications. Heavy-hex nuts shall meet the requirements of
ASTM A563. The grade and finish of such nuts shall be as given in
Table 2.1.

2.4.2. Geometry: Heavy-hex nut dimensions shall meet the
requirements of ANSI/ASME B18.2.6.

Hot-dip galvanizing affects the stripping strength of the bolt-nut assembly
because, to accommodate the relatively thick zinc coatings of nonuniform
thickness on bolt threads, it is usual practice to hot-dip galvanize the blank nut
and then to tap the nut over-size. This results in a reduction of thread
engagement with a consequent reduction of the stripping strength. Only the
stronger hardened nuts have adequate strength to meet ASTM thread strength
requirements after over-tapping. Therefore, as specified in ASTM A325, only
ASTM A563 grade DH are suitable for use as galvanized nuts. This
requirement should not be overlooked if non-galvanized nuts are purchased and
then sent to a local galvanizer for hot-dip galvanizing. Because the mechanical
galvanizing process results in a more uniformly distributed and smooth zinc
coating, nuts may be tapped over-size before galvanizing by an amount that is
less than that required for the hot-dip process before galvanizing.



Despite the thin-film of the Zn/Al Inorganic Coating, tapping the nuts over-
size may be necessary. Similar to mechanical galvanizing, the process
results in a comparatively uniform and evenly distributed coating.

2.5. Washers

Flat circular washers and square or rectangular beveled
washers shall meet the requirements of ASTM F436, except
as provided in Table 6.1. The type and finish of such
washers shall be as given in Table 2. 1.

2.6. Washer-Type Indicating Devices

The use of washer-type indicating devices 1s permitted as described
i Sections 2.6.1 and 2.6.2.

2.6.1. Compressible-Washer-Type Direct Tension Indicators:
Compressible-washer type direct tension indicators shall meet the
requirements ot ASTM F959.

2.6.2. Alternative Washer-Type Indicating Devices: When approved
by the Engineer of Record, the use of alternative washer-type
indicating devices that differ from those that meet the requirements of
ASTM F959 is permitted






T
Table 6.1. Washer Requirements for Pretensioned and Slip-Critical

Bolted Joints with Oversized and Slotted Holes in the Outer Ply

: Hole Type in Quter PI
st | YominlSor ypen O P
. . 3 ﬁ.’
Designation in. Oversized | Short-Slotted Long-Slotted
A325 or F1852 -1% % In. thick plate
ASTM F436° washer or
< 1 continuous bar **
ASTM F436 washer
A490 or F2280 o1 ASTM F436 with either a % in.
extra thick *** thick plate washer
or continuous bar °

®  This requirement shall not apply to heads of round head tension-control bolt assemblies that
meet the requirements in Section 2.7 and provide a bearing circle diameter that meets the
requirements of ASTM F1852 or F2280.

" See ASTM F436 Section 1.2.2.4. Multiple washers with a combined thickness of %% in. or
larger do not satisfy this requirement.

°  The plate washer or bar shall be of structural-grade steel material, but need not be hardened.

¢ Alternatively, a 3 in. thick plate washer and an ordinary thickness F436 washer may be used.
The plate washer need not be hardened.




2.7. Twist-Off-Type Tension-Control Bolt Assemblies

2.7.1. Specifications: Twist-ofi-type tension-control bolt assemblies
shall meet the requirements of ASTM F18352 or F2280. The Engineer
of Record shall specify the type of bolt (Table 2.1) to be used.

2.7.2. Geometry: Twist-off-type tension-control bolt assembly
dimensions shall meet the requirements of ASTM F1852 or ASTM
F2280. The bolt length used shall be such that the end of the bolt

extends beyond or is at least flush with the outer face of the nut when
properly installed.

If galvanized, ASTM F1852 twist-off-type tension-control bolt assemblies
are required in ASTM F1852 to be mechanically galvanized.



Table 1
Electrode Classification

AWS Classification

AS5.1 AS5. 1M

Type of Covering

Welding Position®

Type of Current®

E6010 E4310
E6011 E4311

E6012 E4312
E6013 E4313
E6018¢ E4318¢
E6019 E4319
E6020 E4320
E60224 E43224
E6027 E4327
E7014 E4914
E7015 E4915
E7016°¢ E4916¢
E7018¢ E4918¢
E7018M E4918M
E7024¢ E4924¢
E7027 E4927
E7028¢ E4928¢
E7048 E4948

High cellulose sodium
High cellulose potassium
High titania sodium
High titania potassium

Low-hydrogen potassium, iron powder
Iron oxide titania potassium

High iron oxide

High iron oxide

High iron oxide, iron powder

Iron powder, titania

Low-hydrogen sodium

Low-hydrogen potassium
Low-hydrogen potassium, iron powder
Low-hydrogen iron powder

Iron power, titania

High iron oxide, iron powder

Low-hydrogen potassium, iron powder
Low-hydrogen potassium, iron powder

F, V,OH, H
F, V,OH, H
F, V,OH, H
F, V,OH, H

F, V,OH, H
F, V,OH, H

H-fillet
F

F, H-fillet

H-fillet
F

F, V,OH H
F, V,OH H
F, V,OH, H
F, V,OH, H
F, V,OH , H
H-fillet, F

H-fillet
F

H-fillet, F
F. OH, H, V-down

dcep

ac or dcep
ac or dcen
ac, deep, or dcen

ac or dcep
ac, deep, or dcen

ac or dcen
ac, deep, or dcen

ac or dcen

ac or dcen
ac, deep, or dcen

ac, dcep, or dcen
dcep

ac or dcep

ac or dcep

dcep

ac, deep, or dcen

ac or dcen
ac, deep, or dcen

ac or dcep

ac or dcep

2 The abbreviations, F, H, H-fillet, V, V-down, and OH indicate the welding positions as follows: F = Flat, H = Horizontal, H-fillet = Horizontal fillet,
V = Vertical, progression upwards (for electrodes 3/16 in [5.0 mm] and under, except 5/32 in [4.0 mm] and under for classifications E6018 [E4318],
E7014 [E4914], E7015 [E4915], E7016 [E4916], E7018 [E4918], E7T018M [E4918M], E7048 [E4948]). V-down = Vertical, progression downwards
(for electrodes 3/16 in [5.0 mm] and under, except 5/32 in [4.0 mm] and under for classifications E6018 [E4318], E7014 [E4914], E7015 [E4915],
E7016 [E4916], E7018 [E4918], E7018M [E4918M], E7048 [E4948]), OH = Overhead (for electrodes 3/16 in [5.0 mm] and under, except 5/32 in
[4.0 mm] and under for classifications E6018 [E4318], E7014 [E4914], E7015 [E4915], ET016 [E4916], ET018 [E4918], ET018M [E4918M], E7048

[E4948]).

b The term “dcep” refers to direct current electrode positive (dc, reverse polarity). The term *“dcen” refers to direct current electrode negative (dc,

straight polarity).

¢ Electrodes with supplemental elongation, notch toughness, absorbed moisture, and diffusible hydrogen requirements may be further identified as shown

in Tables 2, 3, 10, and 11.

4 Electrodes of the E6022 [E4322] classification are intended for single-pass welds only.




Table 2

Tension Test Requirements?? ¢

AWS Classification Tensile Strength Yield Strength at 0.2% Offset Elongation
Percentage in 4x
AS.1 A5. 1M AS5.1 (ksi) AS5.1IM (MPa) AS5.1 (ksi) AS5.1M (MPa) Diameter Length
E6010 E4310 60 430 48 330 22
E6011 E4311 60 430 48 330 22
E6012 E4312 60 430 48 330 17
E6013 E4313 60 430 48 330 17
E6018 E4318 60 430 48 330 22
E6019 E4319 60 430 48 330 22
E6020 E4320 60 430 48 330 22
E6022¢ E4322¢ 60 430 Not Specified Not Specified
E6027 E4327 60 430 48 330 22
E7014 E4914 70 490 38 400 17
E7015 E4915 70 490 58 400 22
E7016 E4916 70 490 58 400 22
E7018 E4918 70 490 38 400 22
E7024 E4924 70 490 58 400 17¢
E7027 E4927 70 490 58 400 22
E7028 E4928 70 490 38 400 22
E7048 E4948 70 490 38 400 22
E7018M E4918M Note f Note f 53-72¢ 370-500¢ 24

3 See Table 4 for sizes to be tested.

b Requirements are in the as-welded condition with aging as specified in 12.2,

¢ Single values are minimum.

d A transverse tension test, as specified in 12.5 and a longitudinal guided bend test, as specified in Clause 13 are required.
¢ Weld metal from electrodes identified as E7024-1 [E4924-1] shall have elongation of 22% minimum.

f Tensile strength of this weld metal is a nominal 70 ksi [490 MPa].

£ For 3/32 in [2.4 mm)] electrodes, the maximum yield strength shall be 77 ksi [530 MPal].



Table 3

Charpy V-Notch Impact Requirements

AWS Classification

Limits for 3 out of 5 Specimens?®

AS5.1

A5 1M Average, Min. Single Value, Min.

E6010, E6011, E6018
E6027, E7015,
E7016°, E7018",
E7027, E7048

E6019
E7028

E6012, E6013,
E6020, E6022,
E7014, E7024°

E4310, E4311, E4318

E4327, E4915, 20 ft-1bf at —20°F 15 ft-1bf at —20°F
E4916°, E4918P, [27 J at —30°C] [20 J at —=30°C]
E4927. E4948

E4319 20 ft-1bf at 0O°F 15 ft-1bf at O°F
E4928 [27 J at —20°C] [20 J at —20°C]
E4312, E4313

E4320, E4322 Not Specified Not Specified

E4914, E4924P

AWS Classification

Limits for 5 out of 5 Specimens®

AS5.1

A5 1M Average, Min. Single Value, Min.

E7018M

E4918M 50 ft:1bf at —20°F

[67 J at —30°C]

40 ft-1bf at —20°F
[54 J at —30°C]

? Both the highest and lowest test values obtained shall be disregarded in computing the average. Two of these remaining three values shall equal or

exceed 20 ft-1bf [27 J].

b Electrodes with the following optional supplemental designations shall meet the lower temperature impact requirements specified below:

Charpy V-Notch Impact Requirements,

AWS Classification Electrode Designation Limits for 3 out of 5 specimens (Refer to Note a above)
AS5.1 A5.1M AS5.1 A5.1M Average, Min. Single Value, Min.
E7016 E4916 E7016-1 E4916-1 20 ft-1bf at —50°F 15 ft-1bf at —50°F
E7018 E4918 E7018-1 E4918-1 [27 J at —45°C] [20 J at —45°C]
E7024 E4924 E7024-1 E4924-1 20 fe-1bf at 0°F 15 ftIbf at O°F

[27 J at —20°C] [20 J at —20°C]

< All five values obtained shall be used in computing the average. Four of the five values shall equal, or exceed, 50 ft-1bf [67 J].



MANDATORY CLASSIFICATION DESIGNATORS®

Indicates a submerged arc welding flux.

Indicates that the welding flux being classified is made solely from crushed slag oris a
blend of crushed slag with unused (virgin) flux. Omission of the “S” indicates that the flux
being classified is virgin flux.

Indicates the minimum tensile strength (in increments of 10 000 psi) of weld metal depos-
ited with the flux and some specific classification of electrode under the welding condi-

tions specified in Figure 3. For example, when the designator is 7, the tensile requirement
is 70 000 to 95 000 psi (see Table 5U).

Designates the condition of heat treatment in which the tests were conducted: “A” for as-

welded and “P” for postweld heat treated. The time and temperature of the PWHT are
specified in 9.4.

Indicates a temperature in °F at or above which the impact strength of the weld metal
referred to above meets or exceeds 20 ft-1bf (See Table 6U).

Classification of the electrode used in producing the weld metal referred to above. The let-
ter “E” in the first position indicates electrode. The letter “C,” when present in the second
position, indicates that the electrode is a composite electrode (refer to Table 2 for classifi-
cations). Omission of the “C” indicates that the electrode is a solid electrode (refer to
Table 1 for classifications).

FSXXX- ECXXX- HX

OPTIONAL SUPPLEMENTAL DESIGNATORS®

Optional supplemental diffusible hydrogen designator (see Table 7).



Table 1

Chemical Composition Requirements for Solid Electrodes

wt. percent®b

Electrode UNS

Classification ~ Number® C Mn Si S P Cud Ti
Low-Manganese Electrodes

EL8 K01008 0.10 0.25-0.60 0.07 0.030 0.030 0.35 —

EL3K K01009 0.10 0.25-0.60 0.10-0.25 0.030 0.030 0.35 _—

ELI12 K01012 0.04-0.14 0.25-0.60 0.10 0.030 0.030 0.35 —

Medium-Manganese Electrodes

EMI11IK KO1111 0.07-0.15 1.00-1.50 0.65-0.85 0.030 0.025 0.35 —

EM12 K01112 0.06-0.15 0.80-1.25 0.10 0.030 0.030 0.35 —

EMI12K KO1113 0.05-0.15 0.80-1.25 0.10-0.35 0.030 0.030 0.35 —

EMI3K KO01313 0.060.16 0.90-1.40 0.35-0.75 0.030 0.030 0.35 —

EMI14K K01314 0.06-0.19 0.90-1.40 0.35-0.75 0.025 0.025 0.35 0.03-0.17

EMISK KOL515 0.10-0.20 0.80-1.25 0.10-0.35 0.030 0.030 0.35 —
High-Manganese Electrodes

EHI0K KOL1210 0.07-0.15 £.30-1.70 0.05-0.25 0.025 0.025 0.35 —

EHI11K K11140 0.06-0.15 1.40-1.85 0.80-1.15 0.030 0.030 0.35 —

EHI2ZK KO01213 0.06-0.15 1.50-2.00 0.20-0.65 0.025 0.025 0.35 —

EH14 K11585 0.10-0.20 1.70-2.20 0.10 0.030 0.030 0.35 —

EG Not Specified

Notes:

a. The clectrode shall be analyzed for the specific elements for which values are shown in this table. If the presence of other elements is indicated, in

the course of this work, the amount of those elements shall be determined to ensure that their total {excluding iron) does not exceed 0.50 percent.
b. Single values are maximum.

c. SAE/ASTM Unified Numbering System for Metals and Alloys.
d. The copper limit includes any copper coating that may be applied to the electirode,



Table 1
Chemical Composition Requirements for Solid Electrodes and Rods

AWS Classification® Weight Percent®
UNS®
A5.18 A5.18M Number C Mn S1 P S Ni Cr Mo V Cud T1 Zr Al
090 040 005 0.02 0.05
ER705-2 ER485-2 K10726 0.07 to to 0025 0035 015 015 015 003 0530 to to to
1.40 070 0.15 0.12 015

006 090 045
ER705-3 ER485-3 K11022 to to to 0025 0.0
015 140 075

006 100 065
ER705-4 ER485-4 K11132 to to to  0.025
015 150 0385

006 140 0.80
ER705-6 ER485-6 K11140 to to to 0025 0.0
015 185 1.15

007 150 050
ER705-7 ER485-7  KI11125 to to to  0.025
0.15 200 0.80

015 015 015 003 050 — — —

%]
Lhn

=
=
%]
Lhn

015 015 015 003 050 — — —

015 015 015 003 030 — — —

i
h

=
=
%]
Lhn

015 015 015 003 050 — — —

ER705-G ER485-G — Not Specified®

Notes:

a. Single values are maximum.

b. The letter “IN'" as a suffix to a classification indicates that the weld metal is intended for the core belt region of nuclear reactor vessels, as described
in the Annex to the specification. This suffix changes the limits on the phosphorus and copper as follows:

P =0.012% maximum

Cu = 0.08% maximum

SAE HS-1086/ASTM D5-36, Metals & Alloys in the Unified Numbering Svstem.

Copper due to any coating on the electrode or rod plus the copper content of the filler metal itself, shall not exceed the stated 0.50% max.

In this classification, the maximum Mn may exceed 2.0%. If it does, the maximmum C must be reduced 0.01% for each 0.05% increase in Mn or part thereof.
Chemical requirements are not specified but there shall be no intentional addition of N1, Cr, Mo, or V. Composition shall be reported. Requirements
are those agreed to by the purchaser and the supplier.

e oan



Table 2
Chemical Composition Requirements for Weld Metal from Composite Electrodes

AWS Classification® Weight Percent®

UNS Shielding
A5.18 A5 18M Number?® (Gas®

2

Mn Si S P Nie Crt Mo Ve Cu

Multiple Pass Classifications

E70C-3X  BASC-3X WO7703 75-80% Ar/Balance 0.12 175 090 003 003 0530 020 030 008 0530

CO, or CO,

E70C-6X  BE43C-6X WO07706 75-80% Ar/Balance 0.12 175 090 003 003 0530 020 030 008 0530
C0O, or CO,

E70C-G(X) EASC-G(X) — f Not Specifieds

Single Pass Classifications

E70C-GS(X) BASC-GS(X) — f Not Specified®

Notes:

a. The final X shown in the classification represents a “C”’ or “M" which corresponds to the shielding gas with which the electrode is classified. The use
of “C" designates 100% CO, shielding (AWS A5.32 Class SG-C). "M designates 75-80% Ar/ balance CO, (AWS A5.32 Class SG-AC-Y, where Y
is 20 to 25). For E70C-G [EA8C-G] and E70C-GS [E48C-GS5], the final "C" or "M" may be omitted if these gases are not used for classification.
SAE HS-1086/ASTM DS-56, Metals & Alloys in the Unified Numbering System.

Use of a shielding gas other than that specified will result in different weld metal composition.

Single values are maximums.

The sum of Ni, Cr, Mo, and V shall not exceed 0.50%.

Shielding gas shall be as agreed upon between purchaser and supplier, unless designated by the C or M suffix.

Composition shall be reported; the requirements are those agreed to between purchaser and supplier.

The composition of weld metal from this classification is not specified since electrodes of this classification are intended only for single pass welds.
Dilution, in such welds, usually is quite high.

o o oo o



Table 3

Tension Test Requirements (As Welded)

Tensile Strength

Yield Strength®

AWS Classification® (munimum) (minimum) Elongation®
Percent

A518 A5.18M Shielding Gas psi MPa psi MPa (mimimum)
ER705-2 ER485-2
ER70S-3 ER485-3
ER705-4 ER485-4 CO,* 70 000 480 58 000 400 22
ER70S-6 ER485-6
ER70S-7 ER485-7
ER70S-G ER485-G d 70 000 480 58 000 400 22
E70C-3X B48C-3X 75-80% Ar/balance CO, f _ _
E70C.6X FARC.6X or CO, 70 000 480 58 000 400 22
E70C-G(X) BASC-G(X) d 70 000 480 58 000 400 22
E70C-GS(X) E48C-GS(X) d 70 000 480 Not Specified Not Specified
Notes:

a. The final X shown in the classification represents a “C" or “M" which corresponds to the shielding gas with which the electrode is classified. The
use of "C" designates 100% CO, shielding (AWS A5.32 Class SG-C); "M" designates 75-80% Ar/balance CO, (AWS A5.32 Class 5G-AC-Y,
where Y iz 20 to 25). For E70C-G [E48C-G] and E70C-GS [E48C-GS], the final “C" or “M" may be omitted.

b. Yield strength at 0.2% offset and elongation in 2 in [50 mm] gage length (or 1.4 in [36 mm)] gage length for the 0.350 in [9.0 mm] tensile specimen
recommended in A4.2 for the optional acceptance test using gas tungsten arc).

¢. CO; = carbon dioxide shielding gas (AWS AJ.32 Class SG-C). The use of CO, for classification purposes shall not be construed to preclude the use
of Ar/CO, (AWS A5.32 Class SG-AC-Y) or Ar/O, (AWS A5.32 Class SG-AO-X) shielding gas mixtures. A filler metal tested with gas blends, such
as Ar/0O,, or Ar/CO,, may result in weld metal having higher strength and lower elongation. Testing with 100% argon shielding (AWS A5.32 Class
S5G-A) 15 required when classification testing is based on GTAW only (see A4.2 in Annex A).

d. Shielding gas shall be as agreed to between purchaser and supplier, unless designated by the C or M suffix.
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Table 4
Impact Test Requirements (As Welded)

Average Impact Strength®®

AWS Classification (Minimum)

A5.18 A518M A5.18 A5.18M
ER70S-2 ER48S-2 20 frIbf at -20°F 27T at-30°C
ER70S-3 ER48S-3 20 frIbf at O°F 27T at-20°C
ER705-4 FR485-4 Not Required Not Required
ER705-6 ER485-6 20 frIbf at -20°F 27Tat-30°C
ER70S8-7 ER48S-7 20 frIbf at -20°F 27T at-30°C
ER705-G ER485-G As agreed between supplier and purchaser
E70C-G(X) FASC-G(X) As agreed between supplier and purchaser
E70C-3X FASC-3X 20 frIbf at O°F 27Tat-20°C
E70C-6X FASC-6X 20 frIbf at -20°F 27T at-30°C
E70C-GS(X) E48C-GS(X) Not Required Not Required

Notes:

a. Both the highest and lowest of the five test values obtained shall be disregarded in computing the impact strength. Two of the remaining three values
shall equal or exceed 20 ft-Ibf [27 I]; one of the three remaming values may be lower than 20 ft-Ibf [27 J], but not lower than 15 ft-Ibf [20 J]. The average
of the three shall not be less than the 20 ft.1bf [27 J] specified.

b. For classifications with the "N (nuclear) designation, three additional specimens shall be tested at room temperature. Two of the three shall equal,
or exceed, 75 ft-1bf [100 J], and the third shall not be lower than 70 ft-1bf [95 J]. The average of the three shall equal, or exceed, 75 ft-1bf [100 J].
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MIXING

CHAMBERS

INMER FLAME'/,

CONE

OXYGEN CUTTING
STREAM

| «——— CUTTING OXYGEN

: }(/ PREHEAT OXYGEN
PREMEAT FUEL

CUTTING TIP

KEY
' 1 OXYGEN USED FOR CUTTING
l 1 OXYGEN USED FOR PREHEAT FLAME
e FUEL USED FOR PREHEAT FLAME
I 1 OXYGEN FUEL MIXTURE

OUTER FLAME ENVELOPE
.'-”"...’ A"'—’f‘

FIGURE 7-2 A mixing chamber located in the tip. & Cengage Leaming 2012



o CUTTING OXYGEN

PREHEAT OXYGEN

PREHEAT FUEL

I
\ MIXING CHAMBERS

ff’_,fCUTI'IMGTIP

KEY
I | OXYGEN USED FOR CUTTING
l | OXYGEN USED FOR PREHEAT FLAME
e FUEL USED FOR PREHEAT FLAME
J_ . | | 1 OXYGEN FUEL MIXTURE

I
INNER FLAMI:'//’
CONE v~ OUTERFLAME ENVELOPE

OXYGEN CUTTING
STREAM

FIGURE 7-4 Injector mixing torch. & Cengage Learning 2012



FIGURE 7-6 Portable flame-cutting machine.
Victor Eguipment Company



FIGURE 7-7 Multiple head cutting machine.
ESAB Welding & Cutting Products



FIGURE 7-8 Portable cutting machine for highly complex
shapes. ESAB Welding & Cutting Products



FIGURE 7-22 For short cuts, the torch can be drawn over
the gloved hand. Larry Jeffus



(B)

FIGURE 7-22 For longer cuts, the torch can be moved by
sliding your gloved hand along the plate parallel to the
cut: (A) start and (B) finish. Always check for free and
easy movement before lighting the torch. Larry Jeffus




FIGURE 7-47 Using angle irons to aid in making cuts. @ Cengage Learning 2012




TEMPERATURES

43,000°F
(24,000°C)

32-43 000°F
(18-24,000°C)

25-32 000°F
(14-18,000°C)

18-25,000°F

/ (10-14,000°C) \

FIGURE 8-4 Approximate temperature differences between a standard arc and a plasma arc. American Welding Society




@)\ 3 TORCH STYLES

T — TN TP-6A (759)
o L1, ‘\ : | D
| == TP-6AP (STRAIGHT/1809)
1]
COMMONTORCH PARTS
(20— —uﬁ ELECTRODETIP
(400266)
ITEM  PARTNO. DESCRIPTION REQ.
E NOZZLE INSULATOR
1 M15615-1  SHIELD CUP 1 (409264)
2 MI15615-2  TIP.043 1
3 M15615-3  ELECTRODE 1 @ NOZZLETIP
4  MI156154  TORCHBODY + @ (409262)
5 MI5615-5  HANDLE 1 OR NOZZLE CUIDE
6  MI15615-6  SWITCH 1 1400276)
7 MI15615-7  SWITCH SHEATH 1
8  MI15615-8 TORCHHEADBOOT 1
9 M15615-0  DRAG CUP 1 @ ?ﬁ%ﬁ

(A) (B)
FIGURE 8-7 Replaceable torch parts. @ Cengage Leaming 2012



FIGURE 8-23 When the standoff distance is correct, as

with this machine cut, almost no sparks bounce back on
the cutting tip. ESAB Welding & Cutting Products
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