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2 9% ERW TO|Z(ERW Pipe) AR A| ZH A Y o|F &35 ot o] FRE JYsitt. o
7VHAA HaL o]& 913 BP3FE(Heat Affected Zone, HAZ)7F 714 €tk HAZ B &
olaf mAECt Frrt S7keta Aol adsHAl Hi=l, olEg HAZ F9] B4 8 /3taid|4g o83t mtojx
A L F Al &0l oL EAVL 2111} Ao A olEst BAIE dEsty| 5l Tt
HAZ 2E& o] E4& 285} %i 4 HEE AP HAZ ¥ B4 5 dS AAlstact o
et B4 £4S Hgl golo] A”E o8t HHHol ofd ofxE AWM AFEIAL, ol %t ATE A
9E A AFS APstGit. o] o, 0}110‘5 AWl Agket WA HsE SA0t] 98 dAE o]n|A] 47 (Digital
Image Correlation, DIC)& ©]&3to] MHES SHSH. ol Al¥S B Y53 B Y E4& A&l f3tas
N3 GHA 7S 85t HAZ 39 BAE &Gk olE A5 Yl ol A¥o] o A AldS
gt A2E 712 AFst AlES P, A &3 HAZ 9] & é% AHgste] f3ta 4 sfAS JPsto] vl
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Abstract An ERW pipe is manufactured by welding surfaces together after a rolling process. A
heat-affected zone (HAZ) is generated where heat is applied. The HAZ is harder and less ductile than
the base material due to microstructural changes. The material inhomogeneity makes it difficult to
numerically predict the material behavior in the tensile test of pipes. To solve this problem, a method
of obtaining HAZ properties is presented by applying finite element analysis (FEA) and dividing the pipe
into the base material and the HAZ part. An arch-shaped specimen was manufactured using wire cutting
to accurately measure the properties of a pipe, and a jig was manufactured to conduct a short-axis
tensile test. The strain was measured using digital image correlation (DIC) to measure the exact area
change of the arched specimen. Based on the properties of the base material, FEA was performed to
predict the material properties of the weld and the HAZ. For validation, another jig was manufactured
for tensile tests with complete pipes. Comparison of the force-displacement curves from FEA and
experimental data showed good agreement, and the validity of the obtained physical properties was verified.
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Fig. 1. Pipe manufacturing process
e84 siMoflA B4 AT e & IF
< HA7] fZe] & AFolA= olgt EAE siast

N

1 98l 2497187301 =oto] AeAte] =Y, v
S AR Al AeEE AsA 28 I I Al
SAPH-440°.2 A2t ERW mo]Z HAZHS] AEst
71AA 8L &7517] Aol HHo| ofd mo]imLofA
A AES Attt 181 A3E Atste] o=
QA EE AFFA[5-7], "AE ouA] AL
(digital image correlation, DIC)& ©|-835to] HIEE
< S 71E QAAIE AHES BIFE S T
ARE oA & 4= g, B2 42 UlF] o]

o] AP ES 7457 olgrhe @Ho] AT, DIC 7]

=
3 olF

DI

544

He HHol| B3
e i R
317] wizof o]t
o 53 4L 0
& LS-Dynag |85t
At sS4 g vlwstnt

I3l HAZ®R E4E dSst] s 944 714
(reverse engineering)< ©]83to] 43t84 4 A
Fotglow, Aol AT stE-H Ao
A 3t gkt vl wshATH10,11]. o % A JAA 7

)

o
TAZ

£ olgslo] Y5t 2HL AEI 99 37t A8
Atsto] HAZH-S Qe To|x 938 ThEelgA
Ao 3 A0 A4 gtol HE-we] TAe HlLsiy
ov, v A] THmO| SAES SIS, ST 2
4 9 A3 s o] o Sage Slskelc

gy 43

2. ooz

2.1 AH ME R X0 AA

SAPH-440 £A|Z AJ&st ERW 3to|Zo] B4S =
gst7] sl AlEt 225 A&} 519ich Al ES Fig. 2
9} Zo] KS B 0801 13B 4l wet 34 € A&
oA, BAT Qe AlEd HAZR7E S4 e Al
H F 7HE AR olwf AHE A7} obd sto]
oA Z2&31UEd]|, Tol| T A FFAHA Q] i 9
g 7Hs A3 SRS W] E4S FUstA SAst
7] 9JoiiA] mpolmoflA elolo] A o]gst] AlEE
A2t

Table 1. Test information

Equipment Zwick 7100 (100kN)
Test Speed 5.0 mm/min
DIC Sensor GOM ARAMIS 6M (3Hz)
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Proceed with the specimen uniaxial tensile test
(a) Tensile test specimen drawing,
(b) Sample fabrication position in pipe
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Fig. 3. Setup for uniaxial tensile test
(a) Shape of jig and specimen fixing,
(b) Uniaxial Tensile and DIC setup
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Table 2. Results for parent & HAZ metal specimen

Material Model Frmax [N] El [%]
base metal 6623.46 17.60
STRL-11A HAZ 8521.45 9.62
base metal 6569.83 30.60
SAPH-440 HAZ 7788.13 19.70
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Fig. 4. Comparison of maximum force between parent
and HAZ specimen of STKM-11A & SAPH-440
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Fig. 5. Comparison of FD curves according to HAZ
portion presence or absence SAPH-440
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Fig. 6. SEM image result
(a) Weld (b) HAZ (c) Parent material
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Fig. 7. FEA model

(a) Original model & HAZ model,
(b) Eq. stress of HAZ model
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Table 3. Boundary condition

Software LS-Dyna Explicit
Mesh size 1.0 mm
Element Hex dominant

o} A 7] GEAS Folo, L& 27| B
o AT, ALe WEE AS Fet 9 AL 5o A
2 2 HYIAE(UTS) AHA

0.

546

d7ge] Wagste] TRl Wats dEsh] olg7] e
o ol %9 gk 4 ()3} Zo| Vocedle AHgte]
UTS ©1% g 914t stol shajol ALg319LT, Table 4
of Z8 B4E 71ARHI3-15). ol B, 7 C 7
Aok A%L e setojgoln], ¢k 2UFES
ofnlahe Table 59 @o] WEL Fslel HEHT.

Ovoce = Oy - Rsat (GXD(C * gp)) (3)

Table 4. Material properties of SAPH-440

Base metal HAZ

Elastic modulus [GPal 215.0 225.0
Poisson’s ratio [-] 0.3
Density [g/cm’] 7.8

Yield strength [MPal 3000 | 6100

Table 5. Parameters applied to the voce model

7, IMPal 449.7

R, - 64.3

C[-] 85.9
Fixed [MPa]

596.2
521.7 {

447.2 —
372.7 =

HAZ 298.1 —.

223.6 —

149.1
74.5 :I

0.0 —

(a) b

Fig. 8. FEA model
(a) Original model & HAZ model,
(b) Eq. stress of HAZ model
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Fig. 9. Comparison of experimental and FEA of baser
metal of SAPH-440 with FD curve
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Fig. 10. Comparison of experimental and FEA of HAZ
material of SAPH-440 with FD curve
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Fig. 11. Prevention of damage to the grip of the
specimen
(a) Damage to grip area occurred
(b) After improving the test method

Table 6. Test information

o, [MPal 449.7
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crl 85.9
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Fig. 12. Initial test settings and results
(a) Design of uniaxial tensile test jig for pipe
(b) Pipe and jig coupling geometry
(c) Damage to pipe specimen
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Table 7. Test information

Material
SAPH-440

Fmax [N]
66233.51

Elongation (%]
29.99

(@ b

Fig. 13. Result of uniaxial tensile test of the pipe
(a) Setup of uniaxial tensile test
(b) Measurement results of uniaxial tensile test
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