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2. Recommended Practice No. SNT-TC-1A: Personnel Qualification and Certification in Nondestructive Testing
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Base Metal Thichness {T)" Minimum Size of Fillet Weld"
in i in L]

T=1/4 T=106 175 ¥
I =T=1/2 h=T=12 36
1/2 =T =< 3/4 12<=T=720 114

34 =T =T 56 o]

88,5 s 5536 5,9 Cubs 5l wls sawl caws 4 Blas> =)

AT Cewd 4 jgee LSS L sl s ool ol la culs =Y

505 3300m0 ol L Canglie 0 sz & 5 on |y 45T sz B b 355 565 ol & JU Jlesl o <Y
Ol e 9 A8 oo 0gi 5y9 50 B Ol aS wes o boay LDem (398 Jguz 50 odd alles dlael 1SS
Sl 30 0 sleog SIS L g Ghale)S i Sl esliial b 098 oy ()T 4 (hgz 45 355 (o0 el
Slo jrals flei o |y JBlas 5l ieS sla iex gllasl
S92 90 JB 51 s (g 03,5 elisyl g wdly plp 4l I Cuald b (Sl Sho I Cualis (s35h Sledigz 5o
Dyge @ b g el logas oS Jol liebl b asds @l ol 2] lo g Job 5l ol )3k
sl o3k il 5L ooy s (Sl Sldes 5L (6 sz sl e 4T jg0 j0 il 0ol |2 aladie
Dpdy oo Dygo HleiSle Lo Ol yie w00 e b Bl ccuai g adg plKin Jhex ceiix Giulesl sl lre



OV pdy 00guxe —Y-F

Dgh axxlye py Jgaz 4 Sl o (he> o9 Jgud JB e b Jod b5 sl p

AWS D 1.1 L illao Ghgar onder (omil 58 e 2yt 0390

1yl Y L]
(la,b plod)

Sloyge (5,195,
ol Wyl pu YL

1) YL

PRy L Hlxe g b (SKwam U oy astws

v

v

v

s jlome S5 4598 oS 5 ojlail g K 5l s 8 s

v

v

v

b 5By Ghez 5 g Y
Db il o9z JolS gd (Sunl bue 518 g (g 518 oy

oisz A ghie -V
N8 sz Fae Jsb 5l g, a5 ahaiiie (gl alsS slo ogz dllr o
gl ez o3l el (gl b LT peles csl azs 5

Sher Eres -t

Dgd (bl Viwwgn b Billae sl b (s> 7 e 9 JS

sk obey -°

3o alolBdl sl oo b by (oot (ol daoYgd plos )3
WAl Oy Jazre Ol dz 0 B odd JoST gl e a5
205 £9h

A709 5 ASTM A514,A517 clos¥ss clys paizman
cels ¥A 5l S oy o wls Grade HPS(HPS 690W)

g ol (o)l ) Ss2 plosl 5l ey

b e 0 ojlal Lals -7
ol polie b oS ()50, (sl adisS (g Blu) ez o5l
Sl Aol 4y (55l S Cund  Jgom polie Sl eads s
Jsb ISV 5l i o (oo ojlail rals wls (Al s o
G5 o b 5 ol 4 Jb (hex oYLl o 5 ail e
e 8 bl 59 50 Jb slig 2l ngs B oz o3l aals

Ablpes
s sl o3ll(L) sbxe ojlasl zals 5 (U)
L<5mm U<2 mm
L=6 mm U<2.5mm
L>8 mm U<3 mm




Shszr oS (Sisgw b S -V

Sdn o yhorkes YO Sl a8 culies b lalad (g -l
Esome a5 90 5> ALALL il ferle Gl (Sl o)L
soekee 505l Jhgz b 2aide 300 58 50 el sk
Sl Cualied (sl el slne ftacie 2 Goe b iS5yl

Ol sl slme 3o Gyt renles 25 51 255 b (gl

iS5 Sz a5 (Fyge )0 ol Lol slacl o -
0.25 e opl sl slme o il i bas gliwly o 0gee
0, (S o 50 3)lge alS ;0,04 wales yiails

S5 o o i b s -A
o dadeVlail o Jol5 daa5 b o)Ll slaybgz o -l
‘Mbwwwjaoww?bdmb@)}@
Lo e (PipINg porosity) sl Ay (o35 o o> 55
0 b ggorme 500 SlalsT slatsr 5 )kt slatexr pled sl
YO sk 5o sl 55,5 L ymalio ) a8 s LB (slelg) sl
Egorme (Sl (e 9 WOL yiden fleclee Vol el enle
S Froelea Yo 5l oz Jsbo 5l pealen Yoo 0 50 (cne (x

il

Voo p o ladss slagie yo lly) SRS sl -0
O S Sl 5 il 2y se S 3l (sl sz Jsbo steckeo
0dds Lyl sl 4l sla vg> (slp sbinl jolay ol 2.5 mm &b
Slyas s ggame o 5 ol> o (stiffeners) o oons cugss o
Vesly Ghez bt heddaa YO 52 50 shenlia Vo 5l sl sl gl
S el gr b feda Ve e 0 el

A acdslaier o o5 3585 L s bt sl ter
Slxe sl dlg) 0,h ged (L2ES S AT Sz p Sgee
sllg) Jolss slass 00 6 )Ld slagby ples sl
9005 yiden 03¢ o 5l ok yieda Ve jo 0 s
2l iy forlea Y0 5l gl J5155 /5 25l




s Jxmo 50,5 SHlo F-F
Dgd arigh ol ojlal g Gl e £55 G52 LS )0 uizren 09d (605 Cudle Wb s> (59, e GBS Joee

ad 45 09h plnil (Jyge 4wl 0ed plnil )0 9 () S sla gy L Wl (o0 Cgme (e I8 Bl 5
SHgo )0 g9 (P S cow £o g 03l s (g e bl 0985 (5l 0,55 L lo wlass hgx B L Al 518 sl
los pladl piani Jowe Saome o)l 4 Cannd Sl o5k Sl pasd plowil 5 s Aied o0 (5 ) 0e> 5L

Sy ald yy  Stawl a8Lol sex 318 70L; 00,5 b g Poass L Solidl van,

&5l 00lel Cigae glan Tl 17 Jhgm LS Sau g %o3lail 5l peS e S e ol dl Fas Sl i 85 0
D9 (6 )89 g 00D

I 6)&,»9} °)l€3~> 9 Mg 45..53‘0).3 b loo)Lg).w LSLQ LS'oL>lJ 9 9.)[.3.)' J;:.l.?u ssua..él.i 955

95 5 5l ko 00 o3l 4y g oo (505 ojlail C8s 4 pwbline O3 L 380 Glule Cens awyy Sl S S
g g Sdzme g ol ALl » i Wl 851 e

Sges ool el oo Codls 5l g oads anils S5 S b sl 1 1P g8 aSU

ool —5-F
oislesl sles (555 8 50 1) odel Casay Sledlbl caled a5 sl cabge wyib (oo iolosl plsl 5l e
Cg oy (69 el b 28 o ol a4 b ol (515 e ke oS FM-WD-04-00 oyleds b o>
Jolds gwliol 0)lg0 PBlax sl cwy3b 5155 50 00,5 o8 (5155 o ojlasl g Jore g98 ;S8 L ol ouls cvaline

28,5 a8
2o a9 Sud ) ogzge Il pd sl oo ok szge Jeadlygiws b g3k bl il 5Lkl pae 45T 5o 90 o

Al 0 09290 o Bllail pus 3, 4 baie w3l ploxil dslol asled o )138 8

&1y -0
AWS D11(2020) ‘_go‘)[sé 6[.:» o)’L.; Lg)li..'bj.? o)L\Jt;..,;l

1. Overlap 5. Crater 9. Porosity

2. Excessive Convexity 6. Undersize Weld 10. Slag Inclusion
3. Excessive Reinforcement 7. Under Cut 11. Crack

4. Excessive Concavity 8. Incomplete Fusion 12. Arc Strike
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AWS D1.1/D1.1M:2020 CLAUSE 7. FABRICATION

Table 7.1
Allowable Atmospheric Exposure of Low-Hydrogen Electrodes
(See 7.3.2.2and 7.3.2.3)

Electrode Column A (hours) Column B (hours)
AS.l

E70XX 4 max.

E70XXR 9 max. Over 4 to 10 max.
E70XXHZR 9 max.

E7018M 9 max.

ASS

E70XX-X 4 max. Over 4 to 10 max.
ER0XX-X 2 max. Over 2 to 10 max.
E90XX-X | max. Over | to 5 max.
E100XX-X 1/2 max. Over 1/2 to 4 max.
E110XX-X 1/2 max. Over 1/2 to 4 max.
Notes:

1. Column A: Electrodes exposed to atmosphere for longer periods than shown shall be baked before use.
2. Column B: Electrodes exposed to atmosphere for longer periods than those established by testing shall
be baked before use.

3. Electrodes shall be issued and held in quivers, or other small open containers. Heated containers are not
mandatory.

4. The optional supplemental designator, R, designates a low-hydrogen electrode which has been tested for
covering moisture content after exposure to a moist environment for 9 hours and has met the maximum
level allowed in AWS AS.1/AS.IM, Specification for Carbon Steel Electrodes for Shielded Metal Arc
Welding.

11
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Table 7.8
Weld Profiles® (see 7.23)
Joint Type
Weld Type Corner- Corner- . Butt with
But Inside Outside Toint Lap Shelf Bar
Groove  Figure T4A ';'ﬁ';f Figure 7.4C ?ﬁ‘[';f N/A ?ﬁ“g
(CIPor & = =
PIP)  Schedule A  Schedule B Schedule A Schedule B NiA . S:ZH
NIA  Figure T4E  Figure 74F FI”-*:: Fﬁuf N/A
Fillet - :
Schedule ¢ Schedul hedul
N/A Schedule ¢ Schedule € Schedule - Schedule N/A
or [ C C

# Schedules A through [ are given in Table 7.9

b For reinforcing fillet welds requined by design, the profile restrictions apply 1o each groove and fllel, separately,

“Welds made using shelf bars and welds made in the horizontal position between vertical bars of unegual thickness are
exempt from B and C limitations, See Figures 740 and 74H for typical details,

4 See Figure

ZAF for a description of where Schedule C and D apply.

Table 7.9
Weld Profile Schedules (see 7.23)

Schedule A {t= thickness of thicker plate joined for CIT; 1 = weld size for PIF)
[ R min. B max.
= 1in [25 mm] il 1/8 in [3 mm]
; lllil:l '[ifj 2:5 0 316in [5 mm)]
= 2in [50 mm] i} 14 i [6 mm]*
Schedule B (U= thickness of thicker plate joined for CIP; 1= weld size for PIP; C = allowable convexity or concavity)
1 R min. R miax. C max”
< 1in [25 mim ] unlimited 1/8 in |3 mm]
= 1in [25 mm] 0 unlimited 316 in [5 mm]
Schedule C {W = width of weld face or individual surface bead; C = allowable convexity)
W C max”
< 516 in [ mm] 1/16in [2 mm]
}i:lliﬁnlrzlﬁan:-lnr:], 18 in [3 mm]
2 1in [25 mm] 316 in |5 mm]
Schedule D {t = thickness of thinner of the exposed edge dimensions; C = allowable convexity; See Figure 7.4F)
t C max"
any value of t 2

12



CLAUSE 7. FABRICATION

DESIRABLE

R < Ryax

DESIRABLE

AWS D1.1/D1.1M:2020

ACCEPTABLE UNACCEPTABLE
R>R
R = Ruax EXCESSIVE
¢ D om0
1 ARSI AK
] T
R=0

4
==

(A) WELD PROFILES FOR BUTT JOINTS

ACCEPTABLE

UNACCEPTABLE

_\—’ F R=0 f EXCESSIVE
C R C

(B) GROOVE WELD PROFILES INSIDE CORNER JOINTS

Figure 7.4—Requirements for Weld Profiles (see Tables 7.8 and 7.9)

Provided by IHS Markit under license with AWS

o
N

13



AWS D1.1/D1.1M:2020 CLAUSE 7. FABRICATION

DESIRABLE ACCEPTABLE UNACCEPTABLE

R>R,
R < Ryax R = Ryax MAX

; EXCESSIVE

. - pra—

Vit v
.

r i

(C) GROOVE WELD PROFILES OUTSIDE CORNER JOINTS

DESIRABLE ACCEPTABLE UNACCEPTABLE

(D) GROOVE WELD PROFILES IN T-JOINTS

Figure 7.4 (Continued)—Requirements for Weld Profiles (see Tables 7.8 and 7.9)

Provided by IHS Markit under license with AWS
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CLAUSE 7. FABRICATION

DESIRABLE

4‘,.-

ACCEPTABLE

AWS D1.1/D1.1M:2020

UNACCEPTABLE
—/

4o

=l

———

SIZE

o=

(E) FILLET WELD PROFILES FOR INSIDE CORNER JOINTS, LAP JOINTS, AND T-JOINTS
DESIRABLE

SCHEDULE C
APPLIES

SCHEDULE D
APPLIES

ACCEPTABLE

SCHEDULE C
APPLIES

SCHEDULE D
APPLIES

(F) FILLET WELD PROFILES FOR OUTSIDE CORNER JOINTS

UNACCEPTABLE

/—C = EXCESSIVE

SCHEDULE C
APPLIES

C = EXCESSIVE

SCHEDULE D
APPLIES

Figure 7.4 (Continued)—Requirements for Weld Profiles (see Tables 7.8 and 7.9)

Provided by IHS Markit under license with AWS

214
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AWS D1.1/D1.1M:2020 CLAUSE 7. FABRICATION

DESIRABLE ACCEPTABLE

[ ) . \

- -
v v ;
v d
SHELF BAR SHELF BAR
LA~

SHELF BAR

=

|

¢

(H) TYPICAL PROFILES FOR BUTT WELDS BETWEEN UNEQUAL THICKNESSES

Figure 7.4 (Continued)—Requirements for Weld Profiles (see Tables 7.8 and 7.9)

Sl slasYss Jsles Jl e ¥ oyleds gy

Yield Tensile
Norm Strength Strength EN 10025-2 DIN 17100 ASTM
N/mm?2 N/mm?
340-470 ST 37-2 A283GrC
EN 10025-2 235
Non Alloyed
Steel 360-510 S 235JR RST 37-2 A 36
355 470-630 S 355JR ST 52-3N A 572-50
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1. Yoke 4. Magnetic Field Indicator 7. Gauss Meter
2. AC: Alternating Current 5. Pie Gauge
3. DC: Direct Current 6. Lux Meter
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1. Heat Affected Zone 2. American Welding Society(AWS)-Structural Welding Code-Steel
3. Recommended Practice No. SNT-TC-1A: Personnel Qualification and Certification in Nondestructive Testing

4. Pulse Echo 5. Compression Wave Probe

6. Angle Probe 7. Index Point
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RECEIVER

X
« FACE A | THANSMITI’EH
FACE A X FACE A I FACE A
Ronl
$ > < # FAGCE FACE
_T | T_ ¢ FACEB ©
FAaCEB— X FACE B | FACE B 3“
x |
BUTT JOINT CORNER JOINT X TJOINT PITCH-AND-GATCH
r FACE A GFIDUND FLUSH

TOP OUAF!TEH—?O“

MIDDLE Hf\LF—?D“

BOTTOM QUARTER—-G0"—J
Notes:

1. Where possible, all examinations shall be made from Face A amd in Leg 1, unless otherwise specified in this table.

2. Root areas of single groove weld joints which have backing not requiring removal by contract. shall be tested in Leg 1, where possible, with Face A
being that op]:snsite the backing. (Grinding of the weld face or testing from additional weld faces may be necessary to permit complete scanning of
the weld root.

3. Examination in Leg II or III shall be made only to satisfy provisions of this table or when necessary to test weld areas made inaccessible by ar
unground weld surface. or interference with other portions of the weldment, or to meet the requirements of 6.25.6.2.

4. A maximum of Leg III shall be used only where thickness or geometry prevents scanning of complete weld areas and HAZs in Leg I or Leg IL

5. On tension welds in cyclically loaded structures, the top quarter of thickness shall be tested with the final leg of sound progressing from Face E
toward Face A, the bottom quarter of thickness shall be tested with the final leg of sound progressing from Face A toward Face B; ie., the tof
quarter of thickness shall be tested either from Face A in Leg II or from Face B in Leg I at the Contractor's option, unless otherwise specified in the
contract documents.

6. The weld face indicated shall be ground flush before using procedure 1G. 6, 8, 9, 12, 14, or 15. Face A for both connected members shall be in the
same plane.

Testing Angle

Legend:

X — Check from Face C.

G — Grind weld face flush.

0 — Not required.

* — Required only where display reference height indication of discontinuity is noted at the weld metal-base metal interface
while searching at scanning level with primary procedures selected from first column.

% — Use 15 in [400 mm] or 20 in [S00 mm] screen distance calibration.

P — Pitch and catch shall be conducted for further discontinuity evaluation in only the middle half of the material thickness

with only 45° or 70° transducers of equal specification, both facing the weld. (Transducers must be held in a fixture to
control positioning—see sketch.) Amplitude calibration for pitch and catch is normally made by calibrating a single search
unit. When switching to dual search units for pitch and catch inspection, there should be assurance that this calibration
does not change as a result of instrument variables.

F — Weld metal-base metal interface indications shall be further evaluated with either 70°, 60°, or 45° transducer—whichever
sound path is nearest to being perpendicular to the suspected fusion surface.

Face A — the face of the material from which the initial scanning is done (on T-and corner joints, follow above sketches).

Face B — opposite Face A (same plate).

Face C — the face opposite the weld on the connecting member or a T-or comer joint.




Procedure Legend
Area of Weld Thickness

No. Top Quarter Middle Half Bottom Quarter
1 70° 70° 70°
2 60° 60° 60°
3 45° 45° 45°
4 60° 70° 70°
5 45° 70° 70°
6 70° G Face A 70° 60°
7 60° Face B 70° 60°
8 70° G Face A 60° 60°
9 70° G Face A 60° 45°
10 60° Face B 60° 60°
11 45° Face B TOFF 45°
12 70° G Face A 45° 70° G Face B
13 45° Face B 45° 45°
14 70° G Face A 45° 45°
15 70° G Face A 70° A Face B 70° G Face B
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Sound path in inches [mm] Above Zero
Reference, dB

through 2-1/2 [65 mm)] 14

> 2-1/2 through 5 [65—- 125 mm] 19

> 5 through 10 [125-250 mm]| 29

> 10 through 15 [250— 380 mm] 39
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1. Full Skip Distance 2. Lamination
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Weld Size® in inches [mm] and Search Unit Angle
5/16 >34
through  through
34 1-1/2 > 1-1/2 through 2-1/2 >2-12 through 4 >4 through 8
Discontinuity [8-20] [20-38] [38-65] [65-100] [100-200]
Severity Class 70° 70° 70° 60° 45° 70° 60" 45° 70° 60" 45°
. +5 & +2 & 2& +1 & +3& 5 & 2& 0& 7T & 4 & 1 &
Class A
lower lower lower lower lower lower lower lower lower lower lower
. +6 +3 1 +2 +4 4 1 +1 6 3 0
Closs 5 0 +3 +5 3 0 2 5 2 +]
- . +7 +4 +1 +4 ~6 2w +1 +3 4 to Ito +2
Class € 2 +5 +7 +2 +2 4 +2 +2 3
Class D +8 +5 +3 +6 +8 +3 +3 +5 +3 +3 +4
s & up & up & up & up & up & up & up & up & up & up & up
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Feature Formula Remarks
Longitudinal - Where:

; - 2 E = Modulus of elasticity (Y ¢ dul
(Compression) _ E(1-v) us;’[ltl‘/lr{:;]) elasticity (Young’s modu
velocity 7 lp(1+v)A—-2v)

p = Massdensity [kg/m’]

plmys] v = Poisson’s ratio
Transverse 6 Where
(shear) v =[ E ] ' — E G = Shear modulus [N/m’]
velocity T 2p(14v) p

s [m/s]
Frequency % Where:

f=e A = Wave Length [m]

A
V = \Velocity [m/s]

; [Hz]
Acoustic _ Where:
impedance a+= by V. = Velocity [m/s]

- [kg/m?’s] p = Density [kg/m’]
Near-field D2f Where:
circular N. = D = Transduser diameter [mm]
( ) g S
. f = Transduser frequency [Hz]
; [mm] for ria 10
V= Sound velocity [mm/s]
Beam 12V Where:
divergence- sinf =-—— 0 = Beam divergence angle from
angle (circular) Df centerline to point where signal
is at half strength

Reflection 7 _ 72 Where:
caethicior 7= (Z, —Z1) Z, = Acousticimpedance of Medium 1

(Z1+Z,)? . o _

» = Acoustic impedance of Medium 2
Transmission 47,7, Where:
coefficient T=[1=R)= m R = Reflection coefficient
1 2
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Snell’s law

Where:

sin 0 in@ sin @ sin 6
kot L V,,&V,, = thelongitudinal wave velocities
Vi Via Vs, Vs, in the first and second materials
respectively
VL1 Vg VL1’ Vs,&Vs, = the shear wave velocities in the
first and second materials,
respectively
—— 6,&0, = theangles of incident and
refracted longitudinal waves,
Material 2 v respectively
L2 6;& 60, = theangles of the converted
6, v reflected and refracted shear
E) waves, respectively
Amplitude Where:
attenuation A, = Initial (unattenuated) amplitude
A=A, e @ = Attenuation coefficient [dB/m]
Z = Traveled distance [m]
Sound amplitude Where:
gain (or loss) in AA = 20 logﬁ : [dB] A; = Amblitude of the first pulse
Decibel £ A, = Amblitude of the second pulse
Distance to Where:
o —— V = Sound velocity (longitudinal or
di tinuit Vt shear) [m/s]
e d= 2 t = Time difference [s]
(normal or angle
beam)

Surface Distance
& Depth (1%
Leg)

SD = Sound Path X sinfp

Depth (15¢ leg) = Sound Path X cos 0

Surface Distance
& Depth (2™
Leg)

SD = Sound Path X sin@p

Depth (2™ leg) =
2T — (Total Sound Path X cos6jy)

Skip Distance for
weld inspection

Skip Distance = 2T X tan 0y

SKIP DISTANCE ——— |
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