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Effects of Hydrotest
and Quenching Processes on Residual Stresses Due to
SAW of API 5L-X70 Pipes Using FEM

A. Heidari, M. R. Forouzan, and S. J. Golestaneh

Department of Mechanical Engineering, Isfahan University of Technology
Sadid Pipe and Equipment Co., Tehran, Iran

Abstract: This paper explores the effects of three of the most important post-welding processes on the residual stresses of
large-diameter o0il and gas pipes. The analysis is one of uncoupled thermo-mechanical applied for both 2D and 3D models of the
pipe. The pipe body is assumed to be prestressed due to prior submerged arc welding of its seam. To analyze the processes,
parametric programming in the ANSYS commercial software is utilized. The processes are hydrotest, quenching by Houcsh
method, and quenching by the last pass heat sink welding, which is the most cost-effective technique. The processes are,
respectively, performed by applying very high internal pressure to the pipe, induction heating plus spray cooling of the pipe, and
cooling the weld zone simultaneously with the last past welding. The novel aspects of the study include investigation of the above
processes for API 5L-X70 pipes and application of FE analysis to simulate the quenching of pipes for both the Houcsh method
and the last past heat sink method. The effects of the processes on the residual stresses are compared. The simulations are verified
qualitatively using experimental results reported in the literature.

Keywords: Hydrotest, Quenching, SAW, FEM, Residual stress.
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Diameter=1422.4 mm
Wall thickness=19.8 mm

Jbe (gumaw awdin - ¥ S

b Glasle i 0,8 Sl 5o L el IS
Sli S dulp S sl SULSe Lol 6K 5
3 e oS s 4t ey (el Ol 1y i 5n
o odd (S o ) Loy (sl Ol )] 5 s ila
s s S SaS b sl sl (Sen SLPHSW 5,

G ) Slesl 5 o srege Ao 33y e Dy pe

ool Sl guas Y
el A by e Lolsst oS Al APL SL-XT0 &) ir
u.pb) ] 0 g oS .,\_:J}.? r%‘ wLA‘JJ by‘jﬁ

Aas e aled bes @U o yole 5B Ty esle cpl ol

S 9how0 6‘}’." JJ.A -y

ol AR L et (ha 553 WY Gl s

Wl 0l tede VAA Sl 5 g e e VYYY
Sla s o ol jents gl Jle (slmaw avda (F) IS
e esls X S8 4 g das e 0L 1 edd s
Lad o 5 55 5 ool 5l e 5 1 Sl Tl o e 55 55
p 5l S0l Aol 53 SAC 5DC 5 e o 33

Sghgm o3y i Sa3m p s a Llsl3

\Y’/\/\ )jﬂj@":’ c\ ;)L«.o-:' CY/\ JLA cd%‘

Jlos Sleis (S5 ke Jltle 5 Wlews 25 Olde ol
ol 3 ol poele il s gy Sl
DY 5Nl sl ims OBt 5 Jaw 5 O3 (6,18 5>
B e EIUC I NTSLC U
5345 s snialy KaSa Sl a  ole Se pe 5
)}429-Mjbqu@\)@laM%ANSYS)lplp}Ja.:>u
DYl sl 03l e 5 (S5 sllie sl 53 56 ¢ 55 ,a
Sleis hls oT DLl g Ll 48 gl J (gl las ol s
Gl Oldas 5l b Ooglane Kb ol 5 dles
5 S gl Al 3 5 SO s Ll d el d
,Adwlyd_,zu@u)@u,m@f::uzﬁ&ga}s
ool Cowsts (5,802 5> Sl Slte a4l lows 25 Ol » S
sl

Los 0Ll S 51 ool g5 dlasl Jl Gaaosd ol s o
@J@HWU‘;%&JM'CJ_}@QMQM;\&;U
Lloy Gl S 1 SIS b Ola o Szt S 0Ol e
3 Smslodd (gilwan s ady) 550 (S Slkas 53 W
elie b acslie 3550 il 3 ol 51 aloole dlawy (sleis Ol
o aS Sl a1 3 Slady) LS 5 gileand 5l dol- b
Al 93 oS 5 A e ey 0l (S (3le ) s
S e b1y s a5 e 5l

aJ ) Ml gleis Ol o e g la sl 3 3 &l

BB



S Jde shuoledl - ¥ IS

[k sn bas & K sS al b sla )y ) Jpi

-/YOMW 3555 O
v/ mm/ sec Gl S Ole 5l &) S pe s
cem sl SUl sl
ocm ol o sl
0°cm ol e 5 Sl dob
Yooolit/m Sl Sl e

éLN‘))JJPWL)JéJJQWdL:ﬁM&LSF
el sl e 4 5 S s O o oS Sl A plas
el el ol - 5 JUs g agl g s ol (65,0 Lyl 3

Cnd gydold =Y =) ¥

Sy e Gl gle S Oldas i ls wul S s
T ol las (SO (g0 b s S LS 5 S e
Wl i bl Tl i a5 55 e Jlasl e L
S oy Glelds 35y Jds Lol s (s ), o)
Sl oY I 55 o el (Al (s ) S
Sy el (st b sy w i

Sosr Kzl S - -\ ¥
03 Jlesl e 3 (6500l 35 55k 4 (V) Jous

S e S s 53 ) S e st | Ayl

VO

o dal S g g Oledl -

L bl b av o (giluand gl dies 08 & ax 5
Sl Ol 6o ol ol 4 § Lo s VM".).‘ s
N Sl sl esls Sl (F) S 5 gasss Je
CBs a8 AL s 4 b S a4l o ealial 54
23 2 ol (O o Al B gslans s i) s
Oladl 5l sle S sdasss Jids sl dLAJfJ_AbJ (al{ua
esle .l Solid70 Ol 31 s S (sdwsan Jds ;5 5 Plane55
L Planed? slell 5l s & LS6lse dbe 53 5 sl 0l
3 Sd 5 sl 5o Solidd5 5 Glamio [ S 5k, b
RGSUM PSS WAy V300 V- PP Uve

ol (3l Gaivd ol 3 imes altes e oS Ll )
5 hse glas jo Aol adS o S iy a5 L L
Sz s b8 slan b e 5o O)lie (550 bl 8 oo
03,5 s b SO slehdos js syls 13 SO L

\Y’A/\ )ﬁj@":’ 1.\ ;)Lo...:r LYA JLN LdWJAﬂ‘



MJ}@MWWLA;)“;&L&)‘JJ/)LA—?@_JU

By e ab g e oo S

$oB sladbual I -Y-¥

el 5 S0 Ol s Al les 55 e3le oz oS
Jlis Ol 5oy ol ankad 53 dilony 25 slml s 5 gl
I G S 5 PSR CHCIN [y P S W W AP RS {ERN FE W
JolS Lo sl 5 dos 97 o Lo e (2l 0L
VL ol b e I DL e i 4
= el 58 Qsﬁrjeu_«_?): Lol dal et ds s
ol 3 1 48 3L 3 Ol e ot 4 o b
Lol [¥] Gl o 305 1 5B eis 315 w2308 Slidsw S
LB i e 55 Bl s 4 LPHSW ayl 3 55
O M el el g 555l 5B 4 esle Sl laxr 5
SaSa ol opl il (65558 Sl ol L2 lasle Ol
Gries LS o Joe ANSYS i35l o3 o a5 Jtls 05 S
bS8 Jos Sl ples amy U A5 US nl il s e
el b 590 3Y 53 CCT (glgiomin L 0 alio 5 ol S
o upole dbenal 5 U Sleam SRl dlesl )
Jslee Lo 5 blucsl b dllzad los o3L 5 015 e Gl
Jsbos pr (5 S Ulie JS 4538 (ot S8 40 L o
3B LSl S 5 O e Sl 30 Bl (NS S
candad DB s Aol B 3 85 e s LEL e 15
352 L o ole dlowad LT gles w 0Ll (gles O,
blil s 0 O35 e Jds 4y aadad (Glos o )5 1S
Olall gl Oy bl oo ol 331 OLl e b S
5o Jlie 4 ol S blal Co s bl UL gles «
S5 o B gte Ol = ool Bl Lgy 5 Aoy oo 395 A3l
ok b e rals Ol i OS5 aalsl b
ool S 6l Ll ol Dolee ol e bl 0
o5 o215 (0) JSi 53 4 5ol Ul 40,5 el esla
el ol gt 35l ol (gl el

\Y’/\/\ )j‘ij‘@":’ 1.\ g)la...:r LY/\ JLM LdM‘

/YO MW 055 ady) )l o ses 5 SWI sl 4 &)
Sl Jis 55 G 353 o0 Jesl d ) 4 2S5 il
b e P Lapd e B8 b s
e o/0 Aol js S e S Ol s anls b S Jlasl
Lo 5 Ol o J3U sl 4 el s SWISH oy
R L dlron plrals g3m byadd S
Clull, h=0ve W/m?Car g LB Llrals oy o
A S bsgdoe Gl Jde s 504U ol V]S o
33 el el 55l Jde s g S | S e 0S
adaly bl los 4 anoly plralr 650 b oo LG 4k

W ok Jlesl 3
heq =he +h, =10+0.060 Wm™ °C )
ey o Jol (heg) dslas Lo S Jasl g i OF 55 oS
sles O 5 (h) s 5 (B) pleals L S Jll
ﬁj&ﬁg|ﬁwjnmsﬁwij\.@|ﬂc@
BT J§ Sazs S 5 S askila plonil 51 13 5 503
o S 0,5 sl e (V) alaily 55 e 03535 0T (55,
SIS L K Al ol (SOLS o e
B 9 o aabe ol Sz U dlesl e s
a5l b g anls ol S g5 Ll ads sl oL S

sl T s (glaael

S/ E 2 b Ol jen Sl yS ¥ - ¥
el n L alena Lads oo cnl 53 5,0 daal 5
el 5l aS Cols bl (6305 S Al
Shls Als blas ads us o oS = STy 2 5 a8
Ll 5oy h=190eW/m?0C Lbrals oy o
Sl OL > ol DTS o ol Jols o glos 4
O ol o sl edge ) s L Olejen =55 4l
G o b S SIS (g5inss gL S mS5 e
Ll b ol b Glaal 4 3l A4S o oS >

wu\ﬂjﬁ;w;wu@&g}&;.w&uﬁwf

V&



1204

80 4
110] ‘\’\H\'\.
100 704
901
k] 80 60 |
5 g
g 60 T 501
(=5 o
= 501 2
5 40 “_; 40 |
S 0 LE //.
201 v 3 %
10] 20 4
04
-101 10
.20
-30 T T T 1 0 T T T 1
0 400 800 1200 1600 0 400 800 1200 1600
Temperature (°C) Temperature (°C)
Symbol Material Properties Unit
Symbol Material Properties Unit oe——F Young 's modulus ><1010 Pa
O--oy Yield stress %107 Pa A——k Conductivity x10W /m°C
A—— ET Plastic modulus ><107 Pa O ——c Specific heat x 102 J/Kg e
v——aq Thermal expansion um/m°C "—-p Density x102 Kg/ m?
V——v Poisson 's ratio m/m
[WIXT0 535 S35 5 Sl ol 50 JS
el Sy Al LSS 5 O 6 5 ool o
6\)\4_3|)Q;L&:Adujlé):e:l_ﬂm,\yqui;_?(?)di_& 100 :
e O A S US A g s e OLAS Calise (lales oo
s dsls S5 51 () 5 ©) $ldSd 3w L API 5L-X70
» 5,8 e olis els V'“'LJ sl S a00
K_:ﬁdﬁ)@.})),\iuduxibé 6;[,.@4?__241;-Ja@fi 300 G
ustenite
CJ_]QA 3 Aloal S glanyl 5 s 4T s Sea 200 =
ﬁ‘) osls up\j} oLl s oLl ‘JB\: MUJ{&C,M.“J 109
. SENE Lo s . 0 ) v
A el ub& w9 O 3 By 202 Uﬂlﬂj‘ [ 20 40 00 800 1000 1200 4400 00 | )

Al Jdos s eslinl 355 Jlns ol o Sl
5 330mme Syl ot e (V) S0 S e (5500
JSCE pl 55 S e s slamtl 4 ) Lis o Sl
aly dies i g oly s Ollal )8 et LS5l
o Sl IS8 a0 GlS sk 5o S s Lpls elgs
e s 534S Slgilles il o el 4 S
S 2llles 5 Culbis oS LS 5k 5o el 3a=s ANSYS

o3ls Julad pesis LS ok 55 Lls e Js ST 4 5L

VY

alises slajls 5 XT0 5Y 48 r:\.vé'ui;:—? e
[\"’] LA.‘.A{AA‘...:‘;

Sl Ol s OF 53 S LPHSW ol 3 o5dle
H’JJJ C»—w‘ C»-:AA‘;?L?' )L_.w_g eJl_A L e.f\_«iJ:g.i_:
el (8 Gl el 51 i Ol S

slasl jsesle yoly s a6 Ol a5 el pl Cle

\Y’/\/\ )j‘ij‘@":’ 1.\ g)lA..:r LY/\ JLM LdM‘



H,Q,L

hiibad! y aelio LBy s

el S a8 Ll

h..i‘,:.n uol‘,a'r- I._.JL.:.;I
{PH N [ L PPV

2l S @ E L

3 SIS ool ol
Lol o8G5 55 ay ole S
Hdos golal

@b f ot
pis by s e

(&ST1IS%) (g pudne y

J-:lf-h--;_.f;L‘;? sHE L
(5 puze) gl ame sl

H.Q,L
S 3,5 At

PRE-S W ELEW

o5 5G4y o yhiza
el e st

S5 55 w5
S5 5 by amsly

ol s U:’J?

B i G ol

BNSYS Boer 33 Joloi 1D
ANSYS Jasmn 53 sslazi 1 []
IE IR A S N
P B YL o S N W ] o |
(805 2ipe) pulti eatalis o155 M

i gyela st dlles By H

Fym Sty i e By

7] RS M PR, SIRE I TR I S N e S

(L) Objor Kz S b (6505 1) GRS 5o Sadnl B 5 gdou gl oo 55 Slwle JIg -V K3
Q) psr Kz S 5 (H) Syl

S 2 Sk s 2o Bley leis (1) 5 (A) sl
Fdm b G S 3l amms dbolh o (A el
o Sl S 5 S bl (LK Al b s el
gl b i LD s e il Bse )
Al ool (1) 5 (Vo) Gl s ol
Al 5 sy e alase LIS opl s a5 boles
el St 5 e Kl Gl G55 S o kile
el sl 1Al L3 ) Lo e aniy S &S (5 b
b s ool maS Job bl sle25 555 2 G
152 Job Loy (55 oo SL &S ol e o 008
3o, (S s 4 s 55 0 G
Lloy 05 iy L 2 il o0 odalin (S 1Al
93 Blony LE5 ady Js Sl 4Bl [2alS doys /A Jsb

RONN DI RN TR [ WP T PR R ST

\Y‘/\/\ )ﬁ)‘é":’ L\ g‘)LA..:r LY/\ JL-\N Ldm‘

S il &LLE_, o lad QL.:..: ()}."fjﬂ) ,g.m.)/ "La..: e L Lile
LS w3 el ) a5 s lgal Ol e 0T S

28 sl il

Sow ) @L;S -¥
PR IR I SPRCUR PRR T PRTH [ S {RPSTE B

Koy iS5 5 S50 Sy
40 il gty 4 e skl iyl pladl sl b LS
L VTV ol S slol ) 53 1) s 25 aaS Ay
Sobid i (] o o sl = W Gl 53 o
s e Jlasl Ay s oyl 4 sl LS Ol sea
S sS Al 4 by sla bl (1) o 55 (oeas

.c,M\aJ.&JSS[Q]d);L@LﬂﬁQJZ_,A EEERE

WA



500

E 400
= ——e—— After welding

: 3004 After hydrotest

2 ——=—— After quenching (hoesch)
@

= 200

jus }

k=i

@

£ 100

©

=

S

= 0

s}

c

s}

—

-100 M

-200 T T T T T
0 0.05 0.1 0.15 0.2 0.25 03

x {m)
VNP P P ck..a S905 Db Ly slgis — 4 IS
Lyl g RS g Al B 51 ) e S e ) aoes ol
(Fsp Sy & Kz S Ayl g iy kil

500

——a—— After welding
After hydrotest
——=—— After quenching (hoesch)

s

o

(=]
!

w

o

(=]
L

r

o

(=]
I

iy

(=1

(=]
1

Longitudinal residual stress (MPa)
i

-1001

-200 T T T T T T
0 0.05 0.1 0.15 0.2 0.25 0.3

X (m)

> P e o n Pk Bl leis - V) IS
Lyl K g iyl B 5 ) S s S e 5l aes dols

(Bgp Sy 4 Ko sS Wl 5 Cudgyhila

Muwubch_wquj\@wwﬂ;ﬁiﬁ,adzﬁ
o palde bl et s Gl 5 e Lley S

AR

70

60

50

40 — & After welding

30 After hydrotest
——=— After quenching (hoesch)

Transverse residual stress (MPa)

0 0.05 01 0.15 02 0.25 03

X (m)

o g 1S i (59,5 (o8 5 Klomy (slgdS — A JSS
Al 5 Ko g dyl B 5l dw) s S e 5l e dlols
((osp ) 4 Koo oS ol g Comd gyl

——a—— After welding
After hydrotest
——=—— After quenching (hoesch)

Transverse residual stress (MPa)
W
o
i

0 0.05 01 0.15 02 0.25 03

X (m)
> P e o 2 Bl LS -V e IS
Kol b () KS g Ayl B 5l da) s S e 5l e dlols

(Bgp Sy 4 Ko sS Wl 5 S gyhila

S 03 g S s w o gl e edalin &5 )b olkea
S = S olle Ll b Job g 4 o
pimn Jab Llany i @ Gl po e Ll leis

sl 22108 36

\Y’/\/\ )ﬁj‘@"; 1.\ g)la..:r LYA JLM Ld%‘



Olios K5 b Loy SWET 2 597 51 o oSS slayl B 31 S anglie - i

b gl J b 1 e Job o g 2 2 R S b e CoeS
D s | M ) s | O (1) el Sl () oals e |l
(MP) (MP) (MP) Py | W
P N A N A Gt o A Gk aw
el 70 I . | &l - qr . £\
Yo vY Yot Yo \2 FYA - vy VY Voo a0 ¥ “H
Vo< g Va5 | ve< 04 VAo - 3 g Voo WA | -y ake)

[4] sl o pn S5 1)

534S Jab sleis ghoyn Vo Jrals OISl 5 S S
S Sl g3l ge ez 5l A AU 4S5k 4 o G
S gl Ole a1 355 s Ll slaal 4 e
Slisbasl 5 s =L G ) bl [A] el skl
S SO0l gladd slp s a0k Gl 50 [T] e S0l
Sl 93 Ve 0o Wsd posls S5V Wl KL
X S iy ol i U 55 L 48 e s slaaty]
Yo (Guod (pl 53 (mpp 2550 g ile) s o (6 g
Pl syl ey 255 ialS 4y 00 U
ol LS Cmo e S Sl 03 S SIS 1 il s ble

ol ol 63,51 (V) s 3 laaslio opl 4o ool

L Ol jon Kzt Sl § LS (2 —1-¥
Llomy sleis 1 (5, K2 9

N P (YR WP PSSP S RN

Sl ol b el B psn i alie o 5K

S e GISSTH S lel 93‘3 o Ol s &S

3 =2 Kler sl (OF) 5 (V) Gl 55 5,8

Sz sS Ly Jsome 85 Sl 53 55 (0) Lo

‘b»b_“’ &\ﬁ S M"LSA olis 6[:.: ) o M_L;-A QLAJQ.A

\Y’/\/\ )j‘ij‘@":’ L\ g)la...:r LY/\ JLM LdM‘

Lﬂc@‘bmd)‘ﬁjbdﬂsz&SJ;&j
42-}3 k:a..w‘jd_pdblx; A.Sblx.d L)A'L-N‘JJ e)‘J}LAG.AM st
Sleis bvgie (ool ol (IS L A S JKn aS 5 S
j)ua"‘ )‘ CM\HJJ[-SG u.}l&A J"L‘*"f b)\.)‘?. ‘;E”&;A
Gas &S (S Sz S Al b planil s Ol )
ool ey el was ol al |y g lis 5 4l
Sl &S oo 53 pabse pl A el b ol
Al andls sy W) s e Sl A S a8
Ol o ilwag sheslaal L sl SU s Ll g
JJSJ)LSWLG OJjJDLA)J)'.:.;‘) L;")"‘&’“LSW
J=B il ol el S 58 (J gk dilens glels RalS
sl falsS e s VY QTM‘\SL;‘M;MW‘ a4
| SECCRINES GV R VTN W0) SRS R PYIPLNE L St SOV
NGIIRY
slad ) 555 = hes slgsesl plmil L[] o sa
b JQLM_.: dWﬂﬁjumdL@.&)J ol L;)K.w?
é}c)U}#‘JJ_’_AU_}‘JJ_kJ—l}?H.W‘bJ;MJﬁ
S HAZ L gﬁJl"C]“’”f?d“éf’ sleis Gl

s Sy Ll 025 i ISl by 5 ossila 2

\Yo



500

-~

o

o
I

300 ——a—— After welding

After LPHSW

[

(=3

=3
I

=

o

a
I

a
1

Longitudinal residual stress (MPa)

=

o

a
I

-200 T T T T T T
0 0.05 0.1 0.15 0.2 0.25 0.3

X {m)

UNE R P I ck..a S90p P Ly slgis — VY IS
Lol B g GO g dul B 51 ) e S 5l s ol
(55 g b Obojor Kiomis oS

e U i b Ol pes Sim S anl s O
200 e sleld (5,

Al bl dm e iy 4 Saad S Al ) el F
Al o Sl b el i le
S o bl (6 ICE 2 b Ole san Sz S

PIEPET
seddas d el o S b a G
Sy lpad sos adS ol ol ol 4 s Dl s
3 Soluand IS0 Gl A 5 bl SNl Glis Sy anllles
a oaliiul o) 50 ols ol st el CLedbl o aran
CS i OF 0dsiS A 5 (5 3yl OS5 el g5
S aS ol 4 S 13 Oliie St s = iy oS Ses
SlA3 Col e eaman 55 e SIS Ol e adS (6K
il g 4 s "S5 sy s 1 iashy e S
5 35dmm (sl ool s g sl A1 5 1l s
el UL 55505 53 LaselS i - oKl il g

EPIEN

Y)Y

70
60
50

40
——ea—— After welding

301 After LPHSW

20
104

-10

.20 Megeisiiiisissiiasese it i3

=304

Transverse residual stress (MPa)

.40
.50

-60 T T T T T T
0 0.05 0.1 0.15 0.2 0.25 03

X (m)
e g B s 5551 (58 Koy Slgeis - VY PSS

Kl g LKS gm dsl 51 Am) S S e 5l howe Aol
(55 g b Obojon Koomis oS

3 S L Olajen K58 Ayl b o oy
o Sl S Al oS di pa s il gl ol
g 53 Lloy 25 Gl 1 elie Ll L3 sn )

S o el

& S 4w =0
WS A ely QLS G ol 55 andlles 540 dal 5 (gl

3 e by o8 Blens S50 Aty Cadaodile iyl s )
Aas e Lals s s Fe

il 53 Jab Mleams SR anty Sada,kile Ayl Y
53 das e EalS o3 YO 51 i | o 5 e
rl o JUEI sl 358 pde s 4y g 03,5 adlae
Ll 5l als

Blomy 205 Gosd iy an S S Ayl b 5l das ¥
Gobid s G b Sl s g s LyE oo e
St

Il Bl A5 ki a4 S S anlp ¥

ez e JhalS Ao ys 00 5 i |

\Y’/\/\ )j‘ij‘@":’ L\ g)la...:r LY/\ JLM LdM‘



—

. stress corrosion cracking (SCC)
2. hydrotest
. cold expanded
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