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Abstract: In this study, an optimum process to improve structural integrity was established by investigating effect of
the process variables on fatigue lifetime of steel-sleeve repair welds in buried gas pipeline. Residual stresses in the
repair welds were derived through sequentially-coupled temperature-stress analysis using ABAQUS, which is a
commercial finite element analysis program. In addition, variations of operating stresses were derived by finite
element linear elastic stress analysis. Fatigue lifetimes of the steel-sleeve repair welds were evaluated by substituting
the derived weld residual stresses and operating stress variations into the structural stress/fracture mechanics approach
as input. Parametric study using finite element analysis and fatigue assessment for various repair welding process
variables were carried out to investigate the effects of the process variables on the fatigue lifetime. Finally, based on
the effects of the process variables on the fatigue lifetime, an optimal process to minimize the welding time and
economic costs and to improve the fatigue lifetimes was derived.
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Fig. 1 Finite element model
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Fig. 2 Thermal material property variations vs. temperature
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Table 1 Fatigue strength factor of welding part

Statistical Basis Ferritic and Stainless Steels Aluminum
c h Cc h
Mean Curve 19930.2 0.31950 3495.13 0.27712
Upper 95% Prediction Interval (+107) 23885.8 0.31950 4293.19 0.27712
Lower 95% Prediction Interval (—10) 16629.7 0.31950 2845.42 0.27712
Upper 95% Prediction Interval (+20) 28626.5 0.31950 5273.48 0.27712
Lower 95% Prediction Interval (—20) 13875.7 0.31950 2316.48 0.27712
Upper 99% Prediction Interval (+30) 34308.1 0.31950 6477.60 0.27712
Lower 99% Prediction Interval (-30) 11577.9 0.31950 1885.87 0.27712

Note: In Sl Units, the equivalent structural stress range parameter, ASHMH(, , in paragraph 3.F 2.2 and the

)2m,

structural stress effective thickness, 7, , defined in paragraph 5.5.5 are in MI’u/(mm)(l " and

mm , respectively. The parameter m_ is defined in paragraph 5.5.5.
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Table 3 Effect of pressure on fatigue lifetime

Fillet welds
Pressure
L-1 L-3
5.6 MPa 1255.3 years 738.0 years
7 MPa 1303.6 years 780.6 years

Table 4 Effect of welding direction on fatigue lifetime

Welding Fillet welds
direction L-1 L-3
Upward 1255.3 years 738.0 years
Downward 1270.9 years 703.3 years
Up and Down 1262.9 years 744.3 years

Table 5 Effect of fusion zone size on fatigue lifetime

Fusion zone Fillet welds
size L-1 L-3
0.8mm 1427.0 years 738.8 years
2.4mm 1255.3 years 738.0 years
Smm 1243.2 years 726.6 years
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Table 6 Effect of number of weld passes on

m
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Table 8 Effect of post-weld heat treatment on fatigue

fatigue lifetime lifetime
Fillet welds Fillet welds
VI;I;glb:;s s(z:fs L-1 L-3 PWHT L-1 L-3
2 1243.6 years 735.3 years Perform 2523.77 years 1737.0 years
4 1253.3 years 738.0 years Not perform 1253.3 years 738.0 years
6 1256.2 years 744.4 years

Table 7 Effect of local wall thinning root radius on
fatigue lifetime

Root radius of Fillet welds

wall thinning L-1 L-3
738.0 years
772.7 years
736.7 years

Omm 1253.3 years

2mm 1252.0 years

Smm 1248.8 years
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Table 9 Effect of local wall thinning depth on
fatigue lifetime

Wall thinning Fillet wlds
depth percentage
(%) L-1 L-3
12.5 1981.4 years 2177.0 years
50 1281.8 years 808.8 years
80 1253.3 years 738.0 years

Table 10 Effect of local wall thinning length on fatigue

lifetime
Wall thinning Fillet welds
length(mm) L-1 L-3
100 1276.4 years 851.7 years
200 1254.4 years 804.4 years
300 1253.3 years 738.0 years

treatment)l] W 7} SEESE WA I=24Y
W3S AAsta Aok B2HE 7P FHofsk
AL3) 7oz EHFIAATE FYIA FE
A9 v &4FEAHY g Al AA F=2F

& oF 1353% tF S-S & 5 Sk

S

of

57 2485 ol ws
Table 9% 7H4% olo] mje 7 agield
A4 dlzsnel WaE Ay o w2R
H &Y ot $4a5% AR ¥zl
7 gk E2rE bg

2 OAEE ziolH 50%9

ok o
3 °
AA vz diE] S geln] 12.5%2] A
V25 AEE oln] 80%2] WA v 2w

= oF 875% #HAd

=

tlo rlo
i)
N
o
2,
[
N
>
X
olN
N
)
H
rl

5.8 455 Zo| Hat

Table 10> 55 Zolo] mE 7 -9
H X

dads o g Ao B25YH 7P ek B

9 (L-3) 7IFez &5 Zo] 200mme] A



o Ho@ MR BT MY |
or W 0 ~
e = ff N of R = o
- @7}_% &EEE " <R aoﬂﬂﬂmxwmiﬂﬂ Mo T oo AT
AmBop Telk TFIL O T L s HRIO PXgiee mEw
— = ~ Iy T ]]
T WEgl NWON_ © ,_C,E%lé T o n B m B S L
T ks E ~ 70 A I e x%ﬂﬁm% o e iy % o " = =
oo 2 _ LW N % O Ko B E R 8 S - T ol Ar Jo 5 7o) o
L o [ O xI X 2 O oo X — o X ~ o 2l To & ™ i ° ™ — 50
G m P a T e L w wod_ T MBI o WX P T g T
A My PR FERART D ap ) o B D R
) Ay O iy Iy o =~
;oo ‘mﬂ — o) = o) o ‘_ﬂﬂ o JﬁmH 0 L ‘ul ol I\ 70 = 70 \mﬂ_ Lx_
%WMM@L&QWJ@@%%WH M@ﬁ%%%%aﬁ%% B E g %wmﬁ;m% 5 o
5 T =P ="F o o ~ o P )
XOL.P ,,.,mu N ) E.## J;oil —_ ,H;72| n X e .
1%meQMaS§ommﬁo@@ ﬂ@%waﬂﬂ%g%m% W BT G R
o 0t ‘_.Wo ~ ET‘LIA# ~o X -~ &O Lf ‘_JIIQ#O W1# ‘n__/v.._}HO‘mo.Hn_Alo _L N éeﬂﬂ,:_v [\ s ,A‘._ =TI ,l,yl;wAl ],_yl
N o < E ) e xR N = v . o %o pb KA B0 - =
T g N By TREF R LT s L L N LT e D
Ay ®OE g — TE L oo T 2 o w N T o oo N o N ) oy
on XM wn T N o oo = o TN s 0 4 T A S do oo
i dom b e Fa A e o g o g T T =S A
Al o SN - T {F I & W oo TP % O i
° o) mo O 97 4o oT W o — F LAT o e R R o g Lo T
SO R Rl = = zo T R oy o Ehred ETITEX = o
s LRHETCdEEEcE IRITrsIEIED Fie relTet@dog
~ T ! O ) [z
- o Jddo RO e RO X do o m RO N M N o e oW ™ E Ak T Mﬁ B oo mk ™ do gk op M T o
- O N o Sl i T o N N E X -
d O 0 Rt AT @ o LT S
e O W — K = N grogs Do RO TE do oo R
WH & W H N T A d o RIS X oop R0 B T
N
o) on =
— H AR W oe K o do —
i Lh e tPIres T oLRves 2
70 "y o SR oo T A T O AR B T M . 83 8= Eo
ﬂAIL A‘.ﬂ X Lt ot — ‘._.U,-O EO iﬂ ,m_l o =2 nm 0
o EM P o me CON LT R L = |584| = | g
B9 A ~ Ao P o = N = do FOM m g g o ) 288 H | 2 = % ™ -
T I W T o WL S g 8 |gg=| v || S 14
2 2 o a W o2 K oy 5 g4 g3 = @
R il s wEw g g > | E2
S o TH o meT g CwR L ) ﬂ_g.ﬂmm% =
= ol B = = P T+ e . €T B 1o
L . [) T T oo o = " X 5] So |2El® e | @
= & 9 o A w ° oW ¢ Tolw pEw g5 | DE[E e | x| s |2
o L Mo B E o) o o ™Y E S s |25l 2|3 2 3| &€ |&
g G B gP TR t ma_mm gL 55 FOB|F| ¥ B RR &
S R oD R doto 2o Bo|EE|g =
of ° N - xRT éomumoLW#r =T & o g R A CEE %
~ W Ne K RMﬂ,Dl..PMem Q#olﬂoaluﬂ NEE.#ATO#A_O!W =y em =M @
1 ‘l—' !
= 1 X i maﬂoanTa“ma7kmr%HTﬁ. ﬁugemMLrJ,H%ﬂo z & =
H % AR LS Tiﬂy‘_ao71r;.ﬁ R _ a7 > % i B ools 8 o~l8 |F £
T ° %AT%%@O_E%%E TR T TR e EE SEISR 888 |2 Ale
W N e R =R G EHEX BVl X® < Zx 5 |32 B2|E. 8|S |5 wE|RE
Ny N ] st eaprrx L Of| ZE SIEEEEER R L
N WS %mLé_/__hEl#oma%%émo?@_mn — £ —s|lwi|=SL|2L|ZEL|ZE
S N e AN T T E N R g8 - S |ES|Ee|8 BT BEE|CT
S mETE T T VAT T pe g PARATED g FEEEIEET A |E
e A




w7kl SElB B AR 2w mAE eNs 9% uEs 9

Anes
(References)

(1) ASME Code Committee, 1991, ASME-B3I1G,
Manual for Determining the Remaining Strength of
Corroded Pipelines.

(2) Korea Gas Corporation, 2000, The Defect
Assessment and Repair Technology Establishment
for Gas Pipeline.

(3) Korea Gas Corporation, 1996, 4 Study on
Mechanical Properties of Fillet Weldment in
Pipeline Repair Welding Using Sleeve.

(4) Korea Gas Corporation, 1998, Development of
Sleeve and Direct Deposit Welding Procedure for
Repair on Pressurized Gas Pipeline.

(5) Korea Gas Corporation, 2006, Standard for
Pipeline Repair Using the Sleeve.

(6) Korea Gas Corporation, Research and Develop-
ment Division, 2006, Comparative Study For Various
Repair Methods Of In-Service Pipeline Using Full
Scale Burst Test.

(7) Alexander, C., Vyvial, B. and Wilson, F., 2014,
Pipeline Repair of Corrosion and Dents: A
Comparison of Composite Repairs and Steel Sleeves,
doi:10.1115/TPC2014-33410.

m

g 9 1033

(8) ASME Boiler & Pressure Vessels Code
Committee, 2007, ASME B&PV Code, Sec.VIII,
Div.2, Alternative Rules, Rules for Construction of
Pressure Vessels.

(9) Kim, JW., et al, 2009, "Local Mechanical
Properties of Alloy 82/182 Dissimilar Weld Joint
between SAS508 Gr.la and F316 SS at RT and
320°C, J. of Nuclear Materials, Vol. 384, pp.
212~221.

(10) Kim, J.S. and Seo, J.H., 2012, “A Study on
Welding Residual Stress Analysis of a Small Bore
Nozzle with Dissimilar Metal Welds,” Int. J. of
Press. Vessels and Piping, V0l.90-91, pp.69-76.

(11) Korea Gas Corporation, 2013, Mill Sheets for
Buried Gas Pipe and Weld Materials.

(12) Simulia, 2013, ABAQUS User's Manuals,
Ver.6.13.

(13) Kim, J.S., Kim, W.S. and Baek, J.H., 2010,
“Investigation on the Effect of Strength Mismatch
on Residual Stresses in Welds with Different
Strength Used in Buried Natural Gas Pipeline,”
Trans. of KSME A, Vol. 34, No. 4, pp. 413~421.

(14) Dong, P., Hong, J.K. and Cao, Z., 2001, 4
Mesh-Insensitive Structural Stress Procedure for
Fatigue Evaluation of Welded Structures, IIW, Doc.
No. XIII1-1902-01/XV-1089-01.

(15) Korea Gas Corporation, Pressure Variation
History Data, 2015.

(16) API, 2008, API Code 579-1.

(17) British Energy, 2001, R6 Code. Rev.4.



