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Abstact

The mechanical strengths of buried lamellar tears located near the weld toe in the welded tee
joints were evaluated in terms of the loss of load carrying capacity as a function of tear area. In
static loading, the load carrying capacity was significantly reduced when tear intercepted over
109% of the cross-sectional area of the welded joints. However, the welded joints containing
buried tears still failed at stresses over the yield strength of the base metal in the through-
thickness direction in spite of the presence of tears up to 20-25% of the area. Fatigue strength
of welded joints containing tears were markedly reduced with increasing tear areas. Lehigh
lamellar tearing test used in this study to produce specimens was described in detail.

The load carrying capacity in static loading was influenced by the reduction of supporting area
whereas that in fatigue loading was influenced by the stress-concentration effects of lamellar
tears and the reduction of supporting area. In bend tests, the pre-existing lamellar tears always
grew up toward the weld toe. However, in fatigue loading, cracks grew up and down
simultaneously from both the weld toe and the top of lamellar tears because of stress
concentration. In fatigue loading, delaminations and decohesions of inclusion/matrix interface
generated in multipass welds provided crack propagation paths and enhanced crack propagation
because the tips of delaminations and decohesions acted as stress raisers.
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Table 1. Chemical Composition and Mechanical Properties of A572 Grade 50 and A588 Grade A Steels.

(a) Chemical composition(wt %)

A572 C Mn P S Si Cr A% Cu Ni Al Mo
Grade 50 0,18 1.32 0,011 | 0,025 0,28 0,13 0,06 0.13 0.10 0.034 | 0.004
A588 0.18 1.19 0,011 | 0.034 0.22 0.60 0,08 0.28 0.29 0. 058
Grade A
(b) Mechanical properties
Longitudinal MPa (ksi) Through thickness MPa (ksi)
Y.S. T.S. Elongation(%) | R.A.(%) Y.S. TS. Flongation(%) | R.A(%)
A572
Grade 50 410(59) | 620(89) 28.5 377(58) 522(76) - 6.6
A588
Grade A 330(48) 530(77) 28 5
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Fig 1. Microstructure and distribution of nonmetallic inclusions in the through-thickness direction
of(a) A572 Grade 50 and (b) A588 Grade A steels.

H 235lF Ao e A572 Grade 50740] AF£59l

X 12 SFF 749 3tazA 9 JAA AAo]
vl a®1& wdzAn s FEANT P4 o
¥Zolvh A572 7 o A588 #& A¥Hq "z
o]E-slglolE w|AZAL Zm Yz A5727

ogof Al Wl Z4 AL qhadubsol] 38 s)A
A4l Type II MnS24] ahelzbgd Ao
T Aoz Aasle] Addsgn os
A5887cll glolAl vlg&AA 2o Pabe FEcl,

N
[~

[y}
o L o)l
)

fu o

2.2. Lehigh 2latz A ol 2st
T g4 XolZH =

Lehigh elWlzt Ay fixture: 213 29 2
o}, o]AL ol tiE A9 leFddE AP
Aoz QAT 4 gl Aol U,

AlH 3+ 7F2 75mm X AHlZ 250mm X
A el AHe 2A(F WIS A3}y HE

-
- R
- .
100¥m
(v)

2}

1

)

h

z3==
Loading
' Jack
Test Restraint

Block

Fig 2. Lehigh Lamellar Tearing Fixture.

43 (restraint block) S A& fixture9} +=32
AAdHP T 72 75mm X FA 50mm X 7 o]
350mm<e] cantilever %& AjHo] L£=Roz

Journal of KWS Vol.6, No.4, Dec.,1988



TEHLA ool 28 epaegoiol FHF AL AR ojx g3 47

fixtureol 92 s}dc}, olwl cantilever Hel 4
W} 2t Zol 7ol 25mm, 45 A ape] single
V-groove® Foith, Ald3 cantilever Afe]
of §dslxs gty mwo Aol A2 B
+3 FyE 220l run-on % run-off tabe =
Atsl o,

T 840 single V-groove o &2
% hydraulic loading jack < o] £-3lod cantilever
ol 3158 sbstoict o)) s}52 load jackel
FaE ~Elq Aol Aol 2 5}of strip chart
recorderel 7] £ =t} Aiwim g Har) &
Al & oebedeldtodol AW wax 5 7Fst

A o714 s gl gam & ol

ol
oL oy

of¥ mjo

oo

[s]
T FH8e] 2H &= (stress level) ¢ 3132 7
3

doll 2efo] dojal chgo 48 o) Lajo] A 4l

Ak,

Paz

- BEXEAYA XU £ E Ao Aa))

- i XY UG 342 UA0] A
1

Cantilever 49 7

Le|a efelel Fodol mgyge Hrlstz] 913}
of $3elge Aty oo T HAdel A Y
T SHSE Mo ey we +HE dArae
{critical level of restraint) = ;

7 A5887ke] ol AF4x = 72tz 3403} 380 MPa
drh o2 a9 gL
displacement F4jo] # w3 (plateau) ol % s}
Achrt FAub A ) 4 alo) i B = B
© Tl Y 3Ee A Aso g A A2 4
ek eluleliodel g monitoring 3} 7|
Hebe] AJHo2 Be 150mm 729 cantilever
4ol

=% &3 2} (acoustic emission transdu-
2

load vs.

[}
Bheletdd 4o 2472 Eoted a2 & Ak
7 eteletgod WA o U,
43S GMA 2we AHEslaleon g zxe
b2 2bgho)
AF 1 300A
A<t 30V

|AE5 130 cm/min,
I A2 B%Ar + 2%0,
£ 9kelo] : E705-3, 1. lmmé
interpass 2% : 50C
et g ol 23997 Mol oJsto] shalx

RBIBHE G, 6% B4 19884 12H

F e 7S gyE TRl #2477
3ted 23 37 o) cut & reweld technique® <
A&t AT}, A7) E upe) 2ol 349 A9
B2l olo] ejelalFAde WML cantilever
037 3mm 7zl Aol $HF4E 47
L2 Adkstoln, $2F4o] 459 Aol upgk

S0mm A butteringg &2}, olAL 4
Foll 4 oh2g Foio A4 ANEg e
< W87 Ygholgint, 28 3ol A9} o] g
] double vee grooves cantilever ¥¢] ¥
Al gdgapo) LAFEE 25mm Yz
=8 A5 22 g EAd M ~E double vee
AT olgg g yshain

=

o 4

&)

S

grooveol i3

1. First weld

A

l

; specimen
2. Cut. loose, butter, double vee
groove and reposition

Fig 3. Test specimen produced by the cut and reweld
to move lamellar tear to near weld toe of T
joint.

2.3, Bt¥aZ Aol u|mtnH A}

=5 #3}ste % 3} (longitudinal wave) 2} 33}
(shear wave) & o] &3}of ER I -
Hebitod & wx)stol FdA S (tear map) & 24y
A= 2L I A= ANSI/JAWS D1.1-84
A A Aol wel 48 5oict



48

2.4, 8tE%|%|53 (load carrying capacity)

"l
zos} Aol ozl A FaA e &7
2 Sof ohgi e THEAA Aol AHE
zulste] thee] AES SR
2.4.1, A%AH
AmAeEs FA 25mmxE 25mm X 2 o] 450
m g, <l&AE e 543KN (120, 000Ibs) & ¢

nAz ol a4l slel crossheadel
tupe  FEstd Al o 2 HH 72 ¢
cantilever ¥oll §r&3%F = 7}akad ot

FRAY e ATl 4AL F B
=]

20cm

2.4.3. A2AE
Ag A4 54 50mmx 25mm X o] 480
mml 3 constant deflection amplitude2l = 24|
#7]12 ol gdtel weld toest AR ulbA &
cantilever W& Ajdo® FE 460mm Aelell F

R=0(R=-Zmn ) gl 31

O max

cycling #71%& 3.3Hzgieh, 2Bl el 27
120 10%7 24 g AFH o2 cycling
zois] A set-up sterh, & el AAFE
o} fodol #ubss] Al#EF cycling sk ol
sho] odejm wdu 71E7]E ol bubble) & ¥
A AL o] &ste] szedel M4 A AT
Apahodet,

Qetx s rhataen

op

!

N or o nZ wo
ol

2.4, 4, Metallography =) fractography
A572 9 A588 § EF9 %% AH, A R
29 nital &olol FAsted elAzAL zASH

g2 oulad AAE BA

. Fiber stress
Z8 w28l fiber stresst oh&-o w
g 2AlL ol g3tel AA FATh

o : fiber stress
M : applied bending moment

1: moment of inertia
¢ distance from neutral axis to stressed

point.

3. 21t o &

28 dax 2 Aol wA=" A
Hatel ehletgdeln 2¥ 4be T
so4 wlEs etelebirde] FAHE

sa g AT BoliL A

(a)

(b}

- s

|
|
|
[ ——

Fig 4. (a) Step-like appearance of lamellar tearing
(40X).
(b) A welded T joint containing buried
lamellar tear (3.5X).
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Fig 5. Fractography of lamellar tearing.

(a)woody appearance (1.5X).

(b)ductile fracture from terrace.
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(c)shear wall.
(d)cleavage fracture from shear wall.
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Fig 6. Effect of extent of lamellar tearing on static
strength of welded tee-joints.
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Table 2.Results of tension and bend tests on welded tee joints

Area of Tear Max Load Max Stress Failure
Specimen UT x-section KN(kips) MPa(ksi) Deflection
A.A572 Grade 50 Steel
Tension Test
LTU15-1 240mm? 240mm? 31%* 177(39) 270(39) 10mm
LTU15-2 240 195 30 213(47) 325(47) -
LTUl6 160 150 23 180(40.5) 280(40.5) 7
LTU17 84 - 13 306(67.5) 465(67.5) 11
LTU18 84 105 16 259(57) 395(57) 9
LTUI19-1 no tears introduced 309(68) 470(68) 9
Bend Test
LTU7-1 320 - 25%# 30(6.6) 270(39) 11
LTU7-2 320 - 25 19.5(4.3) 180(26) 16
LTUS-1 195 - 15 44,5(9.8) 410(59) 17
) LTUS-2 195 - 15 42(9,3) 380(55) 11
LTU11-1 400 400 31 24.5(5.4) 220(32) -
LTU11-2 355 335 26 24(5, 3) 215(31) 18
LTU20-1 225 230 18 39.5(8.7) 360(52) 6
LTU20-2 245 260 20 45(9.9) 415(60) 7
LTU21-1 no tears introduced 50(11) 455 (66) 20
LTU21-2 no tears introduced 48(10.6) 440(65) 15
B. A588 Grade A Steel
Tension Tests
LTU22-1 245mm? 38% 150(33) 228(33) 8mm
LTU22-1 213 33 204 (45) 310(45) 11
LTU24-1 225 35 163(36) 248(36) 10
LTU24-2 232 36 162(35. 8) 247(35.8) 10
10
LTU27-1 no tears introduced 259(57) 393(57) 14
Bend Test
LTU25-1 331 25% 38.6(8.5) 352(51) 19
LTU25-2 280 21 45.9(10.1) 418(60.6) 24
LTU26-1 no tears introduced 53.6(11.8) 488(70. 8) 25
LTU26-2 no tears introduced 52.3(11.5) 476 (69) 25
LTU28-2 357 27% 29(6.4) 265(38,4) 16
LTU31-1 280 21 46.8(10. 3) 426 (61, 8) 20
* All tension tests had cross-sections of 645mm?(1” x1”)
# All bend tests had cross-sections of 1275mm?(1” X2")
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