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Transfer mode & &% ‘

® Free transfer mode
(1) Globular

- Drop A7 GMAW
- Repelled Coz 2F¥ GMAW
(2) Spray
- Projected Intermediate—current GMAW
- Streaming Medium-current GMAW
- Rotating I 47 GMAW

® Bridging transfer

(1) Short—circuiting short—-arc GMAW, SMAW
(2) Bridging without Welding with filler wire
interruption addition

® Slag-protected transfer
(1) Flux-Wall guided SAW
(2) Other modes SMAW, FCAW, ESW
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7.AWS D1.1 (* 98 Edition)

Structural Welding Code - Steel
Significant Changes from AWS D1.1-96 to AWS D1.1-98

Please note: This is not a complete list of changes. These are considered to
significant technical changes. There are many other minor technical changes
and editorial changes.

1.1 Scope

Following "fabricating”, added "and erecting".Changed "When conformance to
the code is stipulated in contract documents, all provisions of this code shall be
complied with, except ..." to "When this code is stipulated in contract
documents, conformance with all provisions of the code shall be required,
except ..."

2.2.4.2 Prequalified Joint Dimensions
This section has been replaced in its entirety with the following:

The joint details specified in 3.12 (PJP) and 3.13 (CJP) have repeatedly
demonstrated their adequacy in providing the conditions and clearances
necessary for depositing and fusing sound weld metal to base metal. However,
the use of these details in prequalified WPSs shall not be interpreted as
implying consideration of the effects of welding process on material beyond the
fusion boundary nor suitability for a given application.2.4.7 Fillet Weld
TerminationsThis section has been extensively revised, with new provisions
and reorganization and clarification of existing provisions. Replace this section
in its entirety with the following:2.4.7.1 Drawings. - The length and disposition of
welds, including end returns or boxing, shall be indicated on the design and
detail drawings. Fillet weld terminations may extend to the ends or sides of
parts or may be stopped short or may be boxed except as limited by 2.4.7.2
through 2.4.7.5.2.4.7.2 Lap Joints. - In lap joints between parts subject to
calculated tensile stress in which one part extends beyond the edge or side of
the part to which it is connected, fillet welds shall terminate not less than the
size of the weld from the start of the extension. (See Commentary.)2.4.7.3
Maximum End Return Length. - Flexible connections rely on the flexibility of the
outstanding legs. If the outstanding legs are attached with end returned welds,
the length of the end return shall not exceed four times the nominal weld size.
Examples of flexible connections include framing angles, top angles of seated
beam connections and simple end plate connections.2.4.7.4 Stiffener Welds. -
Except where the ends of stiffeners are welded to the flange, fillet welds joining
transverse stiffeners to girder webs shall start or terminate not less than four
times, nor more than six times, the thickness of the web from the web toe of the




web-to-flange welds.2.4.7.5 Opposite Sides of Common Plane. - Fillet welds
which occur on opposite sides of a common plane shall be interrupted at the
corner common to both welds. (See Figure 2.12)2.4.8 Lap JointsThe second
sentence of section 2.4.8.2 has been moved to become a general statement
under 2.4.8.2.26 Connections or Splices - Tension and Compression
MembersThis section has been retitled, replacing "Complete Joint Penetration
Groove Weld Splices".2.26.1 RT and UT RequirementsAdd "When required by
Table 2.4," to the beginning of the sentence.2.28 Fillet Weld Terminations

This section has been replaced in its entirety with the following: "For details and
structural elements such as brackets, beam seats, framing angles, and simple
end plates, the outstanding legs of which are subject to cyclic (fatigue) stresses
that would tend to cause progressive failure initiating from a point of maximum
stress at the weld termination, fillet welds shall be returned around the side or
end for a distance not less than two times the weld size or the width of the part,
whichever is less."Table 3.1 Prequalified Base Metal - Filler Metal
Combinations for Matching Strength"Added API 2W, API 2Y, and ASTM
A913 steels to the Table. API Grades 42, 50 and 50T are Group Il steels, as is
A913 Grade 50. API Grade 60 and ASTM A913 Grades 60 and 65 are Group Il
steels. Note 9 was added stating "The heat input limitations of 5.7 shall not
apply to ASTM A913 Grade 60 or 65."Table 3.2 Prequalified Minimum
Preheat and Interpass TemperaturesThe following steels have been added
as Group B:ASTM A710, Grade A, Class 2 (> 2 in.)ASTM A913, Grade 50API
2W, Grades 42, 50, 50TAPI 2Y, Grades 42, 50, 50TThe following steels have
been added as Group C:ASTM A710, Grade A, Class 2 (<=2 in.)ASTM A710,
Grade A, Class 3 (> 2 in.)ASTM A913, Grades 60 and 65API 2W, Grade 60API
2Y, Grade 60The following steels have been added to Group D:ASTM A913,
Grades 50, 60, 65The "Welding Process" column for Group D has been limited
as follows:"SMAW, SAW, GMAW, and FCAW with electrodes or electrode-flux
combinations capable of depositing weld metal with a maximum diffusible
hydrogen content of 8 ml/100g (H8), when tested according to ANSI/AWS
A4.3."Related to this change in Group D, Note 3 has been deleted from the 96
table. Note 4 stating "The heat input limitations of 5.7 shall not apply to ASTM
A913 Grade 60 or 65" has been added.

5.3.2.1 Low Hydrogen Electrode Storage Conditions

Add the underlined text to the first sentence: "All electrodes ... sealed containers
or shall be rebaked baked by the user in accordance with 5.3.2.4 prior to
use."5.3.2.4 Baking ElectrodesAdd the following paragraph to the end of this
section:"All electrodes shall be placed in a suitable oven at a temperature not
exceeding one half the final baking temperature for a minimum of one half hour
prior to increasing the oven temperature to the final baking temperature. Final
baking time shall start after the o ven reaches final baking temperature.”

6.3.1 WPSThis section has been replaced in its entirety with the following:"The
inspector shall verify that all WPSs have been approved by the Engineer in
conformance with 4.1.1."Two things must be noted. First, 4.1.1 applies only to




gualified procedures, not prequalified procedures. Second, it has been
determined by the Committee that this change was inappropriate, and a return
to the 96 language is anticipated for D1.1-2000.Table 4.10 Welding Personnel
Performance Essential Variable Changes RequalificationThe first item of
the 96 provision "(1) To a steel not listed in Tale 3.1 or Annex M" has been
deleted. Item 9 (now item 8 in the 98 code) has been corrected to read "(8) To
multiple electrodes (if a single electrode was used in the WPQR test) but not
vice versa."

A\

Sre 71 83 joint ¥ TR olshsky] A KS /1202 A3k ASME
AW znAEe olde §7] sl KS & /Fow

Stk ol A& olafstolof sk &l it Wty HAME AdE AT = o

TH A EES B FEY BEE do] olF, AT ARt d= BE
ol TE 7Y 8719 SW HI <o AT HE ol ¥ dwkyy Avs
FAT Faete =9 oles ekt

EF B g B BE B9 oSS @I

THC o EWA, B9, e GARS SA4, =F Tl FEsE &4
ol R Z4F 8719 51 Fus e FH Fdo FHE &4 olFS
=



== . ST S = = O = - A3 = H SlL=]

=7 D E, AZ, WME, =F 58 A Ex AW sl FEees &4
O M L= o T S Bxlsli- © o urE

O]E‘ X 2 o= l:x'j—, }1\;1]3—11 OO] 'T‘Zﬂ]‘O]’L %71(;1] O]DE HELJ'Q'

ol &2 a&(%)

Full RT Spot RT

; 100 98

~
So=m 90 85
%,

(GRAY CAST IRON) : Sdlo] o= A Euo] qlo] uyo]
Hol glo] Bl o]Fo w2 HAuolES HgolEVF F8
Aol Ex S F9le AlE5 o )
2) 743 d3F2  NODULAR CAST IRON :

3) W33 : WHITE CAST IRON :3-¢1¢] X =0] ¢l
e e o= o] 2w Hy it}
Fdo] Ut} oA FHFES W v3S U
Astste] AesE FoiA WntREAAYN WS &

4) 753 MALLEABLE IRON : F8A4jo] £& F4 & o] &3}o]
WAFHE WEN, T Ty 900~950C & 7t kel A
EE WS guste] Ay ved AEdES = T
ZPGFHY Y] A g FAseta o=
Aol = FHo] Hrh

5) 21453 : DUCTILE CAST IRON :&<¢lo] stAlolH, F3H o]

9
& Fd9 BH
D

=
o
)
[t
fu
(e
lly
N,
I




K
N
o
7o

B

| =t

& o
“

o ¢l& 74 CRACK #ale] 9

@_

STRAIN ©f ¢]

AFT}

$]°] GRAPHITE
A e

5]

=13
=

BLOW HOLE <

il

=5

&

B
=

2) SFA A

T
T

}o] BRITTLE

5]

4

1

™ 352 (Cr, Ni &

S

o] &l

o
ol

|

MK
wm

ol

il

o] AE7F tF-i HRC 60 o]/de] o] &3] A

E71s sioh

=
=

F 600~700C

o
1l

Ho

N

o

Jjo
—_

o
el

of

o)

iz
il

To
o)

ToR

a3}

i

A4, CRACK

o =
£S5

o 795

afll
M

=0

o

2) CRACK 9] 4% CRACK ¢

Zzto® 3~4Cm 9| vl &4 s

o
Lo}
%E
%o O
%Mm
dﬂll
jan
MH
\‘%
o
Cmﬁ
ﬂblo
HTLE
T o
7
S
AER
Mﬂ
N
MC
5 <
CR
@)
Lt.mﬂ_
oWﬂE
ﬁﬁ_u
T
2 .
ks
An77
e
Y 0T
o T
palio
& oo oo

5) CROOVE 7}&< V

al
7.

—_
110

M

0

0

i

o

6) kALY, =74 =9 GROOVE 7188 =

7}

%—Jc—')—ﬂ/\
ot

/E)]-

7Ae] 50%°]

ot

=
3L

boaolzhe WA A

5|
pud

-
[e]

e a

P

o

7) T &3> ROOT FACE & 5mm ©|d =7

o
Mo
—_

T

ot
i
Mﬂ
ot

~N



D &8 =32 WS 7o 3}

2) 758 +e AFE WEAVING §lo] &4 3t}

3) FEHETHS AA] S5l 4 #HS v== s

4) A PASS 7} €485 ol Jd= SH(STRESS)S Al A3 91314
PEENING% 3} o]% Al HkaE s}

S b
r

(2) L&A

D &33ts FEY EAE °F 540~560CE AA| e dF5 L3}
ofa SHEE Vb SR eE SAshs el STl R,
AT A2s FAGH FA FE Ee MEE sy 600T =
10 AIZE o= & st AF-g o] A MAasts WA s] fstels
F92E ST Far) o, o] wie] Si, AlE Fid SHeS
ARERT B RS S7H7IV] AEiM = Nis 2.3% 7k 8de s
A7) gt

§1. 84 ok
A. Hot crack (222 <)

Hot crack & A 24 A oA doji}=

s}o] ghf-aFo] 0.02%°] 3} 1Uﬂ S,
ot o}

B. Lamellar tearing

HA (segregaition)ol] ¢Jsltt}. =
S50l W& F(sulphur)sol & HAHA A Fej= EAstehrt
Uzol sa i Aol Aol(Axler mA)el g Fihe Al
°] 31 micro crack &2 6311] Aoz Beolrlsal ol AL w3
st = mAe A AFs 7etoof g, AWt o® &5 FEREFS

28 A= 0.04%5 zHalA=

I



PR grh

34 of] 4 ]

]

Al

lamenation & TAE 5 Utk 22y olul= FaAE A7 S Aol HI=o

Aloke wojol

Cids g

g A 3ok

3} special charge

C. Cold crack (3

Oy

N

s
o i
o E
[Qu—
T
& o
Bun__uu
T
— B
o
° or
%ﬂﬂ
H B
O_OumO
= W
S E
° F
Y
" A
W o
M oor
oo __
-
o)
B A
JHLJ‘,AIO
e
W

& (Cea)o] 0.4 ©]7d

o] glvhal 4zt

o

o
-

bt ol 7

)

T o

tohel & S 95 of=
2
C

o] AAA &% (500-550 %)

9] 2 o] M (I AT

o] Mg(acs 2% o|AHE
A

317}

€% HAZ ¢ A=7F 2349 C scale 32 ©]

old W&}

A=

A A
t}. Stress relieving anneling

=} O
Bl

o

O

o

= A Al

©
[9)

2 a2

o =
- L

Eis

A

Eis

A%

o
BT} dAto] ZEn ayrg T

w7 whath FAS Awol

o

7} W2
k-
=
5
-

74 1/2 - 0.5 mm * 7]+ Xt}

= 37D

Ea
==



E. Corrosion & A

Corrosion 9] &4+ austenitic steel oA &= 43 EA7F =y, At
ol AA FAEA Ferh 28, o] Afex: Aol >
ArEE - AAG A 1 doF sttt Corrosion o] A= =24
Aae] A whgolA A7, i3l F=2 A&l Cl(Fa)el 9
7t F48 g2 Yol 3t potential energy S 7FA 3L daL, o]
=] % Eﬂc’ﬂ W}E o] & el o) HF-2jo] WAYgT} 047] Az
A= A= A tress corrosion ©]t}. Stress 7} EA5E FHd =
NeAgo " corrosiongl A7 EAg T G E 59, H}dﬂoﬂj‘ﬂb
|37 hAZ F97F A F-2lo] dojupe Aojr, o] 9 a4

et 2= SR e Y A, A BAE A 45 B
(passwe 759 coating)E dstofoF HM, corner F ¥ FAZ 3

32 dstefof gt & shute] A A2 7h7ke] potential energy 9
minus A7} F2TEHS FHl F-238}o], corrosion attack & %= dh=
Zlojth o] A2 Aute] Tz} AFZE Fo| g3 Eo] A&H

N 1wl 1
F. Cold deformation

TES AdMRE 7k HAE AA™, Aol doju o] Wit
grain size 7} | siA|™, ¥, SHF] 54| Efﬂ?ﬂb oE=
=7 Hohole] EHoR Thy s
obsl7} dojymz Wzt 7k
v atefoF it

%
O
)
(@R
o =
@]
)
~
o
jab)
)
(@)
Q)
g
=]
‘I‘L
E
-z
5
2
ot
i
o,

Qe sl Q@ 84 292

o
)

g4 notch & 53] 2 dles v FEAAE 3] Fasit. 529
AEs Eo] 325 A o] Aztste] &9 AE7t JSHA FEF
olaS AAsta, o F4S nyEof gk 53] fillet &4 F+

butt &5 XU notch dAdo] 4 =

H

gL HA = otE Y} Bead @9 notch 342 Tig dressing

oA s, &2 A A &37F Aot Fillet £5859 o# Ao ubzgf
ZE 5o EdTh 7HE A &AM vl (ZHe] v 20D A S
notch &35 74 AZIth

.



1_,NH
olo

To-

el

ol

]

B

]

o
H

2l &
4-5mm 7}+A ¢

E
=

T

A= F7, groove 2

T
T

HE

1

e}
.

of o

Aoz olgliy] AAY 5 ddk mild steel ol A

o]

o]
Holt}, Il olF £43 co2 €42 heat input 7}
H

3]

&
&

o)
N

0

—

o

o
—
10
JJo

Ty
n

root

HAZE Adek. AA 9] HF- Coz &3 9to]o]o] A A KT root

Ho}

A

b

°©

w7} g},

12
S olopy]

A

e

oF

) -0 2] 3]
A & F5HS AT A

H7kA] 2
face 9

7R 7}

;OL

ol
o

i} #3sh= &

S

51)4

A=

AA sh=

o

3

e Fo ol

g Ao,

e e

T

L &

i S
3
)=

_(H

T

o] Aot

wo] A3ty

3}A Y, back run(sealing run)< &

S

]

=

o] At} back run ¥} back plate ¢ 7

A8

5')4

o

=

T

=]

=

=

ZH9Z root gap

T

o}
H

F A
A © 2 back gouging W

4

A
Tl

LA A arc length(stick out)
pZs

back plate



MA groove 9 A
H3E groove A

HI7F 2:1 o]/do] Hojof g,

o
=

xqg] @/\%Q
o= Eﬂﬂ

1——_15

gl

- free cut &8 (8o Z HF=] L¢A)
- skewed t welding
Z+ 71> 3/2 t

44

Sfolof F5
I ik

A F=2 A8E=
MAMG, MACG °ll 4]
COARED WIRE &3l%©

H O
ol Zlel ek &

=
T

oobdEr Al A B
‘l‘oﬂ FoloF s,

I~
9 84

U2 MMA, MACG, MAMG, TIG &°]
of wz} SOLID WIRE &4

H] =&

e

, FLUX

H,

MMA | 95 ofol= &4

_Lz

A}&-3ho)
w1 7k7E EAo]




- g e ge] SHTHEH R R
o)

- o oskRul A}
- Back bead &AJo] it}
- vertical, over head &7°] 7}&3}t}.

- %Jo] g,

MAG

Coz &4 (MACG)

3 7F2(MAMG)

- Spatter 7} At}

- 84 9F#o] ol rt.(concave 715)

- x{S’_ Aol =t ($folof A& F9]) &4
efojo]= =ufjo

A% A= 50kg v ALk

as & &3H|7} Fasi.

Y2 sharp 3 Yoz 7| wito
AA7F T 88kt

o

10

)
ol olo
N

FCAW

FLUX COARED

o

A4 0 2 spatter ¥ bead #Abo] Et}
&3 ofolojrt thekstar g
Hefoloj &= AJAEE T

€Y AEx+e v
- Flux 9] &l wa tefet 545 71
T At Gas AR-&- 2}
non gas type T+ T 77F vk &4

stoloje] XA o] L8,

I oo |




—

WO
No
o
o
o

g3t7]

¥

L
T

3

g

fu

ANEL

6]:]1‘

A A9

-
5
T

o

a4, o

_(H

BN
)

o
ol

Hw
of

)

)|
~

A 9l

TH

TH

ol

H71 o

5]

Al A A

TH

0

|

fi%e)

e

|

o]

g
O

B

o
0

2)

o

)

al

( Transverse crack)e] il

7+ € (longitudinal crack)e| gt} HF-=

H] throat, root, toe, crater, under

o AR Wt EFHEE

o

o] At

p=S
o

bead, HAZ crack

throat crack

ol ozl

F71 o

S

oA Z A

2 throat @#&o] 2 WAFET.

ol

root crack 2 root

¥t



rh-2] A] A ol A

A

=13
=

A 7 ol A

T
-

~ N

TO T

npx] 4k o 2 under bead & o]t}.o]

M

A A+ d(delayed crack)® =2 7]

5ol

}

N

48~T72 A

¥

o
= &3

SRR R EER

o

oF

=]
T

&

under bead crack & &

Fslof glrhrh

29

Aol

| LA =] o= = S|

FolHil 3

oy B

o T
ol Sy

. §4-=(Incomplete fusion)

—_—

oo

il

i

o]0

50l

o
6
o
Y
o
<
X
i
5
T

W

o X

.C

5 Ak

5

=7
*

2. RO

8 oo

%

0, R
£ o

£ W

Nl

-

- il
il

o oW

o oo

4. 7§ A& (inclusion)

i ARS 5=

9

H 55 Bt 9

o

el

=3
=

GTAW, PAW A

T A =

E

B



A7k 28] ALgFol Qe

5. 7]&(porosity)
AWS A3.0 ol 4

3

of ¢

7NEE

T
-

~

e
wjr
o]

—~
110

ool

0

o]
W

A E] Z (under cut)
ST T EAfl A
e o] A7

6.

53] 9=

PEENCS

.5 %

-<:5_]__

HAl 2] =] of of

Qo] 2 A7}
of ®A7F st

Nk
il
olo
B

A

ok
1>}

o] 1

7 AUA A w2
=

7. Under fill

g, o1 29]

dl

=
=
—

[e)
©
W wj 2 such back ]t F-

434
Has

do TJ

gto] FEI27}

EF= AR

o]
H

2

2 (over lap)

0

7o M
Ea %o
X

M omr
o olo
g
N
A

T

B uE
B b

5|
pul

ach

A3 e s ofof

(o3 ]
=1

32

—_—

N

R



BY7|2E Oel717t X 272, A E stoi: I8 0] MHSEX]
2otM AR 2Ms FAtsto AF T2 E/pSHCH

2. 2HESII reference line & flo E7|= A<2 ofellol EI7|& <7t
ct. o] A 8™l vreko FosHM|L.
Oty <ide
Asrowr sde
Arzow sido
Othor sida
ol

3.0 GTAW=2ZE ZHMZE2 45° | root opening = 2mm , bevel Z!
3m, 22 Zol= 3.4m =2 = E EEFsiet= 7|&0|c).




o2
0z




12. FILLER METAL SELECTION WELD OVERLAY
AND CLAD RESTORATION

WELD OVERLAY MATERIAL (NOTE 1)
CLADDING MATERIAL FIRST LAYER | TOP LAYER(S)
405 /410S ENICRFE-2 OR ENICR-3 (NOTE 2 & 3)
304 SS E/ER309 E/ER308
304L SS E/ER309L E/ER308L
316 SS E/ER309Mo E/ER316
316L SS E/ER309MoL E/ER309L
321/ 347SS E/ER309Ch E/ER347
MONEL ENiCu-7 E/ERNICu-7
ALL&;S??N%’QE%{;OH’ ENiCuFe-2 or ENiCr-3
ALLQOY 600, 800, 800H, Filler Metal ERNiCrCoMo-1 or electrodes
800HT (NOTE 5) ENiCrCoMo-1
NOTE:

1. 1. Para. NF7 and NF of appendix NF in part UNF of ASME section
VIII, division 1 are mandatory for nonferrous cladding.

2. 2.  For design temperature above 100 F (538), specific requirement
shall be requested from the purchaser.

3. 3. E/ER309 may be used for all layers when design temperature is
less than 700 (371) and thermal cycling condition are not anticipated.

4. 4. Design temperature application thru 1500 (816)

5. 5.  Design temperature application thru 1500 (816)
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3. GMAW ( Gas Metal Arc Welding )/FCAW( Flux Cored Arc
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