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Evaluation of Fracture Toughness on High Frequency Electric
Resistance Welded API 5LB Steel Pipe

Sae-Wook Oh, Han-Gi Yoon and Kye-Won Ahn

Key Worlds; Jic(FWMERRMM:AE), R-Curve (RE%}), Stretched Zone (£ Ez]=] &), Blunting
Line ($fi{bi#), Critical Stretched Zone Width(JRfL 2= 2] &), Heat Affected
Zone (L)

Abstract

The evaluation of the elastic-plastic fracture toughness Jic was performed on the center of weld
metal (CWM), the heat affected zone (HAZ) and the base metal (BM) of API 5LB steel pipes welded
by the high frequency electric resistance welding. The Jic was evaluated by the JSME R-Curve and
JSME SZW methods using the smooth and side-grooved specimens.

The results are as follows;

(1) The Jic values by the SZW method are overestimated as compared with those by the R-curve
method, because the micro-crack is formed as SZW increase with the deformation at SZ after
initiation of the ductile crack.

(2) The average of Jic values by the R-curve and the SZW methods in side-grooved specimens
tended to decrease in comparison with smooth specimens 9.42% at CWM, 4.2% at HAZ, 23.2%
at BM, respectively.

{(3) The boundary of the fatigue pre-crack, stretched zone, and dimple regions appeared more clearly

in side-grooved specimens, for the slight change of SZW in the direction of the plate thickness,
as compared with smooth specimens.
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713 -= Begley#t Landes - &7l o] ghe] BN Bl
BT Jic Ao #AH o Faitkel REaH
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2 Rgfi##E=}F JSME S 001-81') i Rk ¥
2 e x] E(stretched zone, SZ)ikel wl3}d Jicfi
2 # FEA

API(American Petroleum Institute)Ei#ol 4] Bz
st = @l B MEe V-=XERER,
DWTT(drop weight tear test) o s {3t
I gont o] AL wked] MEFEEBoRA BT
H1 oo HEEMoE HEI A2 pugd JF &
Puffol = WbEF S Ee] HERkal

A Wigedl A= BMBESN S RS HFERW
2 83 APL 5 LB B BEEEN, HPEN
%R st BEBLY HE v BLEE
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2. H%AF X RBAE
2.1 BBAr ¥ XREKE

A %ol AT Fite PLB 2540 x 12.5t(mm)
o] MUMBESRNS BRKERENEET AFI 5LB
Mgz B 2 BEMRBRAY LB ko
IR t]e Table 1, Table 28} 2o}t HAEANKE
EIEP i (HFERW) %72 Table 33 Zrow HF-
ERWell gloi4] WA BT (contact tip) & FIAIsH

Table 1 Chemical composition (W, %)

LA JE - FHEEEL - R

T 450kHz A3 BRNUME HEMsden
BT EMEpM] % s FRfel EEsH
vt

R H 3} CTS(compact tension specimen)
I Fig. 13 7ol T-LAMCE EEsgon.
Feg el wel IS B (CWM), #PERHAL)
2 GHE(BM)e]l  x3E IR TR

A

ASTM E 813-81 Hizrel wie} Fig. 29} 7o) #ifrs}
k.
Fig. 29 (A)¥E ¥ CTSolx (B):= HlmE CTS

wksA

olth. fbel FEEektel it R HEE

]
1
I
1
Designation notch location
CWM

zone |

|
|
!
1
|
|
| )
|
| W@ HAZ
| :
ll : (Center 4 1.3mm!
- T I
! ! f
: i 4 ‘ BM Base fetal
| , (Center +2.5mm
| f 1
|
1
]
|
t
L :
,

Center pt
welded metal!
i

Heat af?ected

! t
t

|

1

!

|
A

Fig.1} Various notch locations with respect to weld
geometry and their designation

Material C Si Mn P S Ni
Base metal 0.2161 0.0953 0. 823 0.0116 0.0000 0.0963
Welded metal 0.2191 0.0965 0.832 0.0135 0.0005 0.0973

Table 2 Mechanical properties

Tensile Yield strength Flow stress Elongation
Material strength (oy+0.)/2,
o, (MPa) oy(MPa) ors(MPa) &(%)
Base metal 484.5 414.5 449.5 34.7
Welded metal 581.3 511.0 546.2 34.0
Table 3 Welding condition
. a Induction Plate Plate Grid |{Welding Post annealing] Heat Pipe
Line spee voltage voltage current | current [temperature |temperature |coefficient| thickness
(m/min) | regulation(V)| (V) 4 “ () ) (mm)
3 2800 10 19 1.8 1200-1300 850 5.07 12.5

— 128 —



APl SLBHIF S MANBREAERS 43 gugtidk 701 129

Fign a
4/ CI
il
LSJ 12.7.
| 20.2(b) 30.6(a),
o 50.8(w) ]
o635

v

o — 635

(B) Side grooved specimen

Fig.2 Configuration and dimensions of compact
tension specimen

2 RB#(Instron model 1137, 15tenf)2  T35}¢]
o FREFEEe = TMT-1114 #stgl . CTS
o AFAS BN BB BRAME Ad2X
B S FEBE(Tensilon model, 10tonf)E {FA5l9]
th. 2l 5 HiEslyl Hstd FHel BEX Z
MBS (EE x25)& HBFr REE o x5t
#H LY ZAAE WESG e W 2yl :
BRABEE Seldo d(FE: x 1005 #Hstd |l
esla . SZW(stretched zone width)y= EHET-
M BESEM) o 2 Himstyd ot

75y

! i i L

2-2 MRA%

Bad AL KER gl EHH®) 0.05,
FAB ¥ 20Hz, BEMPIE-& sinelf 24 1IRPWLE
R hgEo 2B Immrlx] FE Pi=14T4NZ, 2/
P, =940NE 0.6mmulT o] HiAstdoh. mEwmER
Bl A WE-HEREN s X—YE&HE 75ty
ow zZuxelifs def] wlops)(marking)-g 300°C
ol 4] 105309 3] & el ¥ (heat tinting)gF 5 WEES.
2 REstch. REMMEmbEE J7re Merkle-Corten!d
o mERE A FEst

J=(A/B-b)f(a/W) QY]
Hao/W)=2{(1+a)/(1+a?)]
a=[(2a,/6)+2(2ay/6) +2) " — (285/b+ 1)

o171 4]

A E—-H RS A ofel o mRKT)

B:CTEES Y 57 (mm) (JEE] A& A%
<= Bnet)

& : 2] 7bl e (ligament) %, W—ao(mm)

W:CT @BEle F(mm)

ao t 3.2 7] o] (mm)

JSME S 001-818 el =il zafAle] #H4r dal=
HBFr 78 3/8~5/8%52 3& Mt =&t
zrol EHHE Tl ol

da=[4a(3/8) + 4a(4/8) + 4a(5/8))/3 €y

3. BRRER Y 28
3.1 &L A BmERL

Photo. 12 API 5LB #% 2] HFERW 3 850°Ce]
A BB # T (post weld heat treatment, PWHT)
E EHigt Eel CWM, HAZ ¥ BMo| oigk B
P BAERLE vebR 2ok Photo. 2% o] S WA
3 Aow (@A Bel BEE Pod Sete] Bt
vko] Bfrxl L= #(bond line)o] vielu} glew o
£ s}e]az of x| (open pipe edge)¥iEie]l BE&H7H= m
#hlo] B S b e

A~ A
gy i

0 01 0.5 1.0

CWMf

Photo.1 Change of continuous micro-structure from weld metal to base metal in API 5LB
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Fig. 3 Distribution of micro-vickers hardness
across the weld interface in API 5 LB
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Fig.4 Variation of Charpy impact values depending
on the notch location in API 5LB weld metal
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o)1, (c)eollA] BM®] SZW.=71.5um, Jin=60.0kJ/
m?S- Al v}, Fig.8¢] (a)e] 4] CWMe] SZW.=80.0
wm, Jin=82.5k]/m?q} om (b)e] A HAZS SZIW.=
71.0um, Jin=75.0kJ/m? o]gdxm, (c)o]l4 BMY
SZW.=55.0um, Jin=47.5k]/m*% Qqlch o] % {4
X JSME S 001-81ge] 2ol 2L HESEE Jin
—Jic2  IFEE otk Table 49} Table 564 2w
Rifsgiikel o8 Wit 2 fMEE CT %A ml
WY E CWMo] Ao =w] HAZ, BMIES® #F{H

Odx 2Eed A ZHEAAE e EHHE e
o, Rffifgssl ~ed = £ FEmbHe W
HE CTHRE Aol ¥ CTRE/rd wa CWME
9.42% HAZ:= 4.2%, BME 23.2% #/bsts o)
viebuboh, =3 Rk o W= 2=
Zkd o7 A 2 —Fsht HAZ, BMoj A= v}
4 BAFEHABE 2900, ol AL M= A
#oll . ~E=d ] o W] insix SZIWsF Ein

N P o1 - ol haR gL 9 2 %o @ik EEA Ao
34 AEYR =Hol 9t JicHFE 2 Az
aAAe] 85 da @ SIWE SEME {FHste @l
w3gl el o] E9 HWE-S JSME S 001-81 izl o
Table 4 Results of Ji. estimation by the R-curve method and the stretched zone method
(kT /m?
A B c SZW,(um) Jin(k] /m%)
R-curve method | SZ method
CWM(S) 128.7 82.6 992.8 83.0 100.0 90.0
HAZ(S) 129.9 64.3 999.9 70.7 75.0 76.3
BM(S) 112.2 70.7 767.8 71.5 60.5 60.0
CWM(S.G) 151.2 67.5 1085.0 80.0 89.5 82.5
HAZ(S.G) 146.1 64.6 1049.9 71.0 70.0 75.0
BM(S.G) 107.6 36.4 749.9 55.0 45.0 47.5

R-curve : J=Ada+ B, Blunting line : J=Cda
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Fig.5 Estimation by the R—curve method
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Fig.8 Estimation by the R—curve method
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Fig.5 Jic Estimation by the R-curve method

Fig.6 Jic Estimation by the R-curve method
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Table 5 Estimation of valid J1.(B.Bn, b>>25/a/07:)
B Bu as Jh 25]"1/”!
(mmy | (mm) | (mmy | (MPay | Method | ity | 00t | Remark

CWM(S) 6.5 17.5 546.2 R-curve 100.0 4.57 Jin=J1¢
SZ 90.0 4.00 Jin=T1e

HAZ(S) 6.5 17.5 546.2 R-curve 75.0 3.43 Jix=T1e
SZ 76.3 3.31 in=J1c

BM(S) 6.5 17.5 449.5 R-curve 60.5 3.36 ]g,. Jie
SZ 60.0 3.19 =J1c

CWM(.6) 6.5 17.5 546.2 R-curve 80.5 4.09 ],,. Jie
SZ 82.5 3.68 = Ji.

HAZ(S.G) 6.5 17.5 546.2 R-curve 70.0 3.20 ].~,.=j,,
SZ 75.0 3.18 in=J1e

BM(S.G) 6.5 17.5 449.5 R-curve 45.0 2.53 Jin=J1¢
SZ 47.5 2.50 in= J1¢

B : thickness of smooth specimen. & :ligament width B, : thickness of side-grooved specimen

gy, : flow stress=(yield strength + tensile strength)/2
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Photo.5 Fractographs of weld metal(smooth)
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