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Curvature prediction model and optimization criteria
for BSR in flexible pipelines

CHEN Kun—peng', ZHANG Meng—meng', ZHAO Bing', LI Ya—mei', FU Shi—xiao'
(1. School of Naval Architecture, Ocean & Civil Engineering, Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract: The Bend Stiffener (BSR) manufactured from polyurethane is generally used at the connection be-
tween nonbonded pipes and water surface platform. It is necessary to predict curvature distribution of BSR.
This paper proposed a curvature prediction model that took into account the stress—strain nonlinearity of BSR
and bending hysteresis of nonbonded pipes. Then, a nonlinear regression method was used to identify the Pro-
ny parameters which could be used to describe the stress relaxation behavior of BSR materials. Then the
stress relaxation model was substituted into the curvature prediction model, so that the effect of BSR s stress
relaxation could be taken into considernation. Finally, an optimization criteria was proposed for BSR and con-
ducts parameter analysis on regular shaped BSR.
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Tab.4 Parameters of columnar BSR

designed for calculation
TiEgs  WRESME/m BSR <& /m

1 0.5884 1
2 0.5520 1.2
3 0.5131 1.5
0.0 0.5 1.0 1.5 2.0
4 0.5884 0.8 15 40 151 JE B (m)
5 0.5884 12 P11 IR % £ BSR BPEHIGS HA S 5 R I 0 659 1
6 0.6500 1 Fig.11 Curvature distributions of different BSR columns
7 0.7500 1 after stress relaxation limit reached

Zeb TG T R TE T SR AE N AR it ) TR B R A it R oA A 1 11 B R, JE R SO an 2
5HR
x5 HEBSRUTEER (TR XSH)
Tab.5 Calculation results of columnar BSR (dimensionless parameters)

VES (k=2 K S? K S§? v
1 LOTCAHE EhZ8isk) 044 1.00 1.03 053
2 0.94 025 101 105 053
3 0.86 0.18 101 1.08 053
4 LI2ORH R HR3ER)  1.00 1.00  1.01 043
5 0.92 020 1.00 1.07 0.64
6 0.99 041 1.00 1.10 0.70
7 0.98 038 1.00 1.03 1.00

INFE 5 4 I TC IR UGS SR mT LA, 7 R AR BSRiZ T T 28, 738 1 57 4 i J& BSR X S8l 5t
K3/ IN T4 T /N i AR T L ) R R, F R 6 5 AR TR TR ES R k B H 0n 1, A 4
AT LE WX 4R R0 BSR K EIITE 1 m DUF, [AIA, HOR BSR K B B 1 7 58 4 HOG Rk 45 3L §2
R XTI R 1.2 3SR RS, v LUR B, 7 % 3 & R S HGR T4 )2 3 Mkt
HEPEARK) BT % 1S Z 6], W R 5 % 5 YR A 20 JE IR S5k S/, X Ui B AE
B RAEIE BSR B, i RHEKE BSR AR TS B 4i K, 4 HR v] g 0K b 7 25 B9 X ek, RS, 4
W% SR TEERE, W] LIS 24 2% JETC IR SV I EUE

34 it

RSO e Tt S 2R AR LSO S BSR A REI g Ha S50 £ BSR X Il AR PR AR R, I3k
T HAT RN TR S 5E 8 &SR Y BSR XS 17 i A 70 1T , 3598 BSR A4 87 73 408 St A5 X fHy 553
A BIRZ IR, e 4 Hh 0 BSR EAT LA BT A LA TE IR S K, I % BSR BEAT S 80030, 33845 LR L

N



276 MR S 2# 29 21

(1) BSR A RFI I -0 AR AL Pk 8 18 14 25 38 e 4k LA S BSR BRI 8 T B 5t Z%0 , %F BSR
DX 35k 11 b 0 A ELAE AR ) R 5 i s 5 | R 2425 sk SR 2 1 PR R, BSR A9 S5 R i R 34 i L b 3 14 43
AN, AF] T BSR I S7IERE . 24 ik BeAR LR [ 2 25 AV T AE — A I, K2 fof 3ok 6 5 i 5 S
Gy

(2) HF BB B TRE (i A HETE R0 25 10 7 T A 25 R L B4 10 7 — 1 A8 A 4 1 1 BSR B4 1
Fasth N, HA T 09 BSR AT BB S AE S Se i om far 1 H B S0l R, 3008 18 kA ot B 25 IR

(3) FAFATR T HEIE BSR — S04 L HETE BSR B 4 At i oo 2 25 il 8028 L ELB 41 K i BSR 4T
o i A B AR A
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