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Abstract: Collapse is one of the major failure modes in deepwater drilling risers. In the existing theo-
retical algorithm, the effects of defects on riser collapse cannot be considered. This paper describes the
effects of wear and corrosion on the potential for riser collapse, sets up a method of finite element evalua-
tion for nonlinear collapse of deepwater drilling risers, and details how the verification and analysis for the
method were carried out. It showed that the analysis results of finite element stress analysis coincided well
with that recommended by API RP 2RD and DNV OS F101, the accuracy of finite element analysis method
for riser collapse was verified. At the initial stage of riser collapse, risers were elastically deformed. After
the difference between internal and external pressures reaches a critical value, risers were plastically de-
formed. The point of abrupt change from elastic to plastic deformation is the critical point of riser collapse.
After collapsing, the original intact risers became flat and some risers that had defects initially became
cone-shaped. In addition, the critical collapse pressure of risers decreased gradually with the increase of the
defect sizes of risers.
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Fig. 1 Finite-element analysis model for riser collapse
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Fig. 2 Stress-strain curve of risers
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Fig. 3 The pressure-displacement curve of risers
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Fig. 4 Collapse cross-section of intact risers
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Fig.5 Critical collapse pressures of risers calculated with

different methods
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Fig. 6 Stress analysis on defective risers
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Fig.7 Collapse analysis on defective risers
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Fig. 8 Impacts of wear on riser collapse
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Fig. 9 Impacts of corrosion on riser collapse
Hi T 8 FIIEN 9 WT & M, 5 451 L e e B 114 B
KA PR RE AL 22 L L BE 3 TR K Bl T B K A ke X
TGO B A e S 3% s 3 3 AR L 0 B B R
T o 44 2 W KA L PR R ) 1 TR 2

4 g HEW

1) X B9 B30 32 JC ¥k R AT 451 B K A e T
Al B Ta) 0, N7 1 TR KR I B K A8 R 2k e 15t A BR
JEPEAE T 95 APT I DNV #7578 s k47 T
XF EG I L 35 E T BR K 45 R 15 A PR IS 4 B O 2k 0 o
i 1



% 43 K% 4B x| H A AT ARTE

# IR K AR I T R R R A © AT .

2) PR/ AE AR Lo T 15t 0 A 2 — A A Wk AU
LR WA O BB ACAS S R SRR AR L B K AR AR AR
PEH /N 5 25 A A1 T 22 38 B e 5 s T ik B 7K A 4 A
A B 7K A8 T U e A BB AR R T L B K A A B 1 R A
PR, TR g 23 B — s R T L SR Y B ) B8
B 9 72 i B0 g Bl 7 A s T 1l 5 a3

3D SEUF IR K A T 15t i AT 2 e PR R A B
KA fo S AR SR B AL K AR s IR L B T G | B A B
PN BRI s 358 9 20 s 5t i ) e KA AR T L2 T L L
Wt B AT e I L 0 8 K B AR Il B TR TR )
BT AR

4) TR H B K A8 T 35t 32 B LI BE L B K B 2
MR R KA AR S IR B2, B4 2
R BB — R WY BB L 8 DO — 45 25 1852 i B K
RS O R o A, T R TR K B I B 7K A s 15t
CIETRER1/EN

2 % X #

References

(1] 3R M oCiL, X055 4, 46, TROK Bl T B K 48 5 B I 25 3R B0 5
S5 B SR R A3 BT L) ] A7 A BB R 5 2013,41(3) £ 25-30.
Zhang Lei,Chang Yuanjiang, Liu Xiuquan,et al. Recoil analy-
sis for deepwater drilling riser after emergency disconnection
with blowout preventer [ ] ]. Petroleum Drilling Techniques,
2013,41(3):25-30.

[2] 1SO 13624-1 Petroleum and natural gas industries: drilling
and production equipment:part 1:design and operation of ma-
rine drilling riser equipment[ S].

(3] X554, Wkl B, 32 00, 46 URK Bl T B K 48 B AR 2 o 8 By 7k

(] f s R AR 2011, 39(2) : 4044,
Liu Xiuquan,Chen Guoming,Peng Peng,et al. Deepwater drill-
ing riser joints management [ | ]. Petroleum Drilling Tech-
niques,2011,39(2) :40-44.

(4] PEFHABPF Y] E, T 285 8 i8R iR KRRk

BRI A AR AR 2014,42(5) 1 90-94.

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

Sui Xiuxiang, Liang Yufeng,Li Yiming,et al. Early monitoring
of the gas-cut in deepwater riser based on doppler measuring
system[ ] |. Petroleum Drilling Techniques, 2014, 42 (5): 90—
94.
Erb P R,Ma Tien-Chi, Stockinger M P. Riser collapse:a unique
problem in deep-water drilling[ R]. IADC/SPE 11394,1983.
Benjamin A C,Cunha D J S. Assessment of hydrostatic collapse
of submarine pipelines: historical review of the classic meth-
ods: proceedings of the 2012 9th International Pipeline Confer-
ence, Calgary, September 24-28,2012[C].
Benjamin A C,Cunha D J. Assessment of hydrostatic collapse
of submarine pipelines: the classical approach revisited: pro-
ceedings of the ASME 31st International. Conference on O-
cean, Offshore and Artic Engineering,Rio de Janeiro,July 1-6,
2012[C].
Kavanagh W K, Lou J, Hays P. Design of steel risers in ultra
deep water: the influence of recent code requirements on wall
thickness design for 10, 000ft water depth[R]. OTC 15101,
2003.
API BULLETIN 5C3—1994 Buttletin on formulas and calcu-
lations for casing, tubing,drill pipe and line pipe properties[ S].
API RP 1111—1999  Design, construction, operation, and
maintenance of offshore hydrocarbon pipelines[ S].
API RP 2RD—1998 Design of risers for floating production
systems (PFSs) and tension-leg platforms (TLPs)[S].
DNV OS F101—2005 Submarine pipeline systems[ S].
Zok, TR AELMEIM. o5t B4 At 2006,
Qin Rong. Nonlinear engineering structure[ M]. Beijing: Sci-
ence Press,2006.
X 4 A JRT IR i o A O B A IR AR i AR AR L A i
7 B P A LI IE 5 ()] B2 ) 2 2441, 2012, 29 (2) £ 229~
233.
Liu Jinmei, Zhou Guogiang, Han Guoyou. Application of arc-
length method to full range nonlinear simulation of derrick in-
service[ ] ]. Chinese Journal of Applied Mechanics, 2012, 29
(2):229-233.

(%3 X LE ]



