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Safety assessment on girth welds of large-diameter X80 pipelines in water
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Abstract: As the soil in the water network area is soft and has large water content, it is very easy to settle, which applies an axial load
to the pipeline, and the girth weld under the action of tensile load has a higher risk of failure. In order to ensure the intrinsic safety of
the pipeline, a nonlinear finite element method was adopted to establish a numerical calculation model for the axial stress and strain of
the pipeline under sudden settlement of soft soil based on the X80 pipeline with a diameter of 1 422 mm in the water network area, and
thus the influence of different settlement displacements of soft soil on the size and distribution of the axial load of pipeline under the
most unfavorable sudden displacement condition was studied. On this basis, the safety of pipeline welds at different locations in the soft
soil settlement area was evaluated according to the Guide to Methods for Assessing the Acceptability of Flaws in Metallic Structures
(BS 7910-2019). Meanwhile, the influence of external load conditions and weld misalignment was analyzed, which indicates that the
increase of misalignment leads to an increase in the load ratio and toughness ratio used in the assessment, with the conservativeness
reduced for the safety of pipeline. If the critical Crack Tip Opening Displacement (CTOD) is taken to be 0.25 mm in the current standard,
and the level-1 assessment curve is adopted, the welds of X80 pipeline in the water network area are always in a safe state. If the
level-2 assessment curve is used, the X80 pipeline weld is in a critical safe state when the critical CTOD is reduced to 0.08 mm and the
settlement displacement takes the maximum value of 1 m. (11 Figures, 25 References)

Key words: X80 pipeline, water network area, girth weld, finite element analysis, Failure Assessment Diagram (FAD), applicability assessment
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Fig.1 Numerical simulation model of pipeline under the
action of sudden displacement
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Fig.3 Axial stress distribution curve of pipeline under
different settlement displacement loads
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Fig. 7 Failure assessment curve of pipeline top weld under
different settlement displacements
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Fig. 9 Failure assessment curve of pipeline top weld with different misalignments

e S NS
081 —— —ZiFHrisk
= PERE IR T 2
Hoel ve=0mm +e=05mm
B <e=1.0mm »e=15mm
ee=20mm =e=2.5mm
04F «e=3.0mm

vo"“‘
0.2
0 0.2 0.4 0.6 0.8 1.0 1.2
ALl

() B IRFEPIREA L 22 m b (R K B AT LD

121

- —ﬁﬂ‘fﬁﬁﬂﬁi TSI
0.8F —:é&ﬂzfﬁﬁﬂ\ﬁ% BREN
SR f— I PE AL T

F sl ve=0mm <e=05mm
R <e=1.0mm »e=15mm
ee=2.0mm =e=2.5mm
04+ ee=3.0mm

02t -

0 0.2 04 0.6 0.8 0 12
Hi Lt

(b) EIREEYCFFIL T 32 m A&

El 10 FREHLE TEREERBITnL

Fig. 10 Failure assessment curve of pipeline bottom weld with different misalignments

gi b, 3T BS 7910-2019 5 TR HH I B B S A R
S8, BAE 1422 mm K 1142 X80 5 i 78 /K [ #h [X
AJBE R LT S IR IR S D B N AT AR
RS
24 EMIEFEHET X IMEER EHE

FE] A 4D TR S B 0 B, 3 S e Sk 1) W SR
Fa bR A7 AE — & B, 2.3 4145 2 T W 2 ) P 48 bR
ARIAFRAE 0.25 mm K AT NIV G5 R RN, WE
0.04 mm+0.08 mm-+0.11 mm+0.25 mm 3£ 4 NA[E )
lIfi 5+ CTOD {&, XF Fo A [A] 90 1 2 3K T (1 24 45 4% 5 H
PEVP A% 45 S, R K W A 25 A T 8 T 2 A Is AT I
AR SIE . BAFIE R CTOD BUE %14 T

BT A8 I N 7 e KA B PR il 4 (B 11D W]
A FEVLEALEE T, e 5 CTOD 8 ¥ /N B, 7 8 28 4i7
N IIVEAL R AT LA AR DM LG O, PEAS s R
B, EINEEIE — HAP 2. BB 11a BTAT, MU
#8241 m.lfi 5 CTOD B4 0.04 mm 5 0.08 mm
B, 5 T fge K B 70 A7 B ) VP Al 58 TE VR A
LA, I TE AN G 2 A BRI A IR G
SR — DT SO B E RS . B
T B KL N 707 B IR AR 42 75 & — 0P Al i 2607
BOR, [YLEALFE N 1 m i, M B CTOD 5 7 K
T 0.11 mm s MUTFEALFE 9 0.8 m B, #4 KL CTOD
KT 0.08 mm.

yqcy.paperonce.org [ 133




il 5558t | Inspection & Integrity

2023410 H 42 % B 100 SHTAEE

150+ %t CTOD/mm === —ZLFHr il
——0.04 — sk

125} ——0.08 IBPER AT 2k
——0.11

——0.25

0 0. 25 0. 50 0. 75 1 00 1.25 1.50

A bl
() BT K R A B
150 I % CTOD/mm
----- P L
125} —— 008 —— T L
e 0L 9B AR 72
—— 025
1.00
e
fesal
= 0.75
0.50 AN
025+ / .L
0 0.25 0.50 0.75 1.00 1.25 1.50

AL
() 8 et KAL) B
11 FElEF CTOD {E T EERERIITMEHL

Fig. 11 Failure assessment curve of pipeline weld with
different critical CTODs
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