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Abstract: [Objective] Lowering-in is a primary method for underground pipeline laying. Continuous cold bends are utilized in place of hot-
bending elbows at longitudinal turns along these buried pipelines. In this context, the maximum stress in the pipelines is considered a critical
indicator for assessing safety when lowering longitudinally continuous cold bends into the trenches. [Methods] Taking X80 pipes with a
diameter of 1 219 mm and wall thickness of 22 mm as an example, the Finite Element Method (FEM) was used to establish a numerical
model for the lowering-in process of longitudinally continuous cold bends into the trench. The subsequent analysis focused on investigating
the stress variations in the pipeline throughout the lowering-in process, aimed to discuss the impact of different factors such as lowering
depth, angle of continuous cold bends, and the direction of trench excavation on pipeline stress levels. [Results] The presence of continuous
cold bends resulted in an elevation of the maximum stress in the pipeline during the lowering-in operation, and the maximum stress was
found near the initial boundary of the cold bends. In the lowering-in process, the pipeline’s maximum stress was identified as compressive
stress on the uphill and tensile stress on the downhill, with nearly identical absolute values at equivalent gradients. Trench excavation from
a slope transitioning into a level section caused an escalation in the pipeline’s maximum stress, directly correlating with increased lowering

depths and angles of continuous cold bends. The stress calculations for longitudinal continuous cold bends constructed from X80 pipes
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with a diameter of 1 219 mm and wall thickness of 22 mm during the lowering-in process demonstrated that, at a turning angle of 26° and

a lowering depth of 5 m, the resultant maximum stress in the pipeline complied with the established requirements for the lowering-in of oil

and gas transmission pipelines. The implementation of layered excavation within a 100 m range preceding and following the cold bends

was identified as an effective measure for managing pipeline stress levels. [Conclusion] Pipeline stress is influenced by multiple parameters

during the lowering-in process. By analyzing the trends in maximum stress variation in this process, effective control measures can be

employed to streamline the lowering-in of continuous cold bends at longitudinal pipeline turns. (6 Figures, 4 Tables, 24 References)

Key words: continuous cold bends, lowering-in, lowering depth, angle of cold bends, maximum stress
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Fig. 1 Schematlc diagram of continuous cold bends with
longitudinal turning angle of 19.5°

yqcy.paperonce.org 937

https://www.cnki.net



r [ %71 Y

2024 -8 H 43 8

DU V8 2 1 W A O SO0 2 A, R
HIEH S E S EE A T EEE N L
Tiik. QISY GDJ 0387— 2014 (IS Fik & iEVIE T
TR TR RO E S e AR M B R S SR A 1
LR, — R UGS TV 77 30 AR it T i
FZIRAVECE SV TEFZ T7 1), ST T V8 X 53
I B [l T 98 5 XU s N KT A
B, B R VS AR R R PIRES AL S VA R A R AL
BARIC. DRI, X i B vA 25 A Iz b T s 1) LA 6 )
DUE AT, IR AN RS B EERIUE T
T I R AR R IR AR
1.2 TAr{THIF M FRE

e BTSN iR, SR & S E
TEAR A R AR TE, DR G35 18 SR A T v R AR A
Q/SY GD]J 0387—2014 HHLE, il VA FEH 5k
IS I AN B R FANAE /N it AR 1Y) 80 % , Hat- 0

o.=o,—0o.<[c]=080. (D
K o, NE B ST, MPa; o, N & I8 I [ B /)
(FAEIBLNIEERRN, 6,=0), MPa; o, A& B
N3, MPa; Lo ] NE BRIV /T, MPa; o, NE
A 55/ JEE IR, MPa

AR 0D, AR EIE S 1219 mm ) X80 &l
BB R ) 444 MPas

B 42 1 219 mm. BEJE 22 mm (1) X80 & 18 A
B, R AR B IR G VE N E A T E B
DU VAR BUE TSRS . TE T SRR, X T A
PRHEAT DL B 15 QO A 18 TR 40 Dy = 4 v BE A, SR FH il
FAA BRICHEAT ABAQUS HH 1) 25 [8] 1 15 sk 1M BT
PIPE31 #EAT MY, S50 75 2% Re 4 3 LA K AR T
ERIAEL . OB FTEE BB, EEAEE
PRI L B B KT 250 m, FREE o6 8 R A
B Z A ERIE. @FE T E B 2w, FB&
PR B AR @M K s vE b ek, Hafrt
R 210 GPaJAFA L 0.3 55/ NE AREEFE 555 MPa.

K H 2 8 DA T TR, S TE Ty
FEF R, BRI P A EIR . FIE R
BIE ) RARSCHE D) BRI, o s
T8 [, DMEME D 7 2N A SR ) S B R

938 yqcy.paperonce.org

P2 fil A0, R R BB B O 0.3 b AT B dbl i 55
I, B IEAE AR BB BUUE 150 m BIAFaE &, hilE
7 TR U A BN AL B AT, 9 RAIE A 25 8 3 B
IR T TR AUE IR EL, X B B IR B
S ST JR) BB AR 2R K AR BN T AR i BT A
PRARTTIA YT ARIVE T2 75 R 8 N A T
SO, o ARSI TE B3RS RO ARE DL R AR
Fe A PUE T VA IR Tl FAR A (18] 2).

(b) B T

B2 EERTEERIENE TARRTEEE
Fig.2 Finite element model for lowering-in of longitudinal
continuous cold bends

3

T 2 B BR TR, SEHUE AR LY 4 m, B
FUTH AT B A S 25 8 UM A [ U R IR i R
A TR A BB ) il 1 82 (PR 300 BRI 20 2 ol 1)
N2 A7 fe KA WT LA R A i 3 TR R BURoR
82 3 BE A T2 AR L o

AL, AEPUE NIRRT AR R 2 T RN
M EBINE LG, R TESAEEXINEE B
U AR B AR, B TE T IR T KR
AT B B DU B 38 K, 87 TE S KB 7T LR
U . BEA A S IR AR ST 12, B AR AE
WG R, R RO N I P I B R SRS
R X T2 B B8 DO, B8R BB T

https://www.cnki.net



r [ %71 Y

TR I, S YANESA B A BT MW AT

Process & Engineering | TZ 5T #2

EHABE 1 ey IR
200 RIGHAN AR 550 %
—294 —330
100 F —366 — 402
438 — 474
<
[=
S 0
B
A 100
SO
=
& —200
Hu
—300
! VAR R KN S
— 400 . L . . .
0 100 200 300 400 500 600
REDA=T
() ETE L3
400 - LG UR N 5 UL i
N\ AREENN L NI
300 ‘
g 200
=
R 100
R
4
- BRI
fw — - BWITZ K /m
& —100 150 186
N =g =
—200 | o 366 — 402
v 138 474
—300 . L . . .
0 100 200 300 400 500 600
VAN E/m
(b) 18 T3
B3 PEHELEATERMEAGNE TATEP LIS TIFRE
RNk hzk

Fig.3 Variation curves of stress in uphill and downbhill pipe
sections during double-side unidirectional lowering-in of
longitudinal continuous cold bends
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Fig. 4 Influence of lowering depth on maximum stress in
longitudinally continuous cold bends
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Fig.5 Influence of bend angle on maximum stress in longitudinally continuous cold bends
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Table3 Comparison of maximum stress in pipeline during lowering-in in two construction directions at different angles of cold bends
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