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Fundamental Study on Elastic Response of Offshore Structures under Collision
by Yukio Ueda, Member Hidekazu Murakawa, Member

Ching Zhou Hsu, Member Kouji Ohno

Summary

Primary objective of this report is to provide a fundamental strategy to analyze dynamic
response of offshore structures under collision. The key to planning meaningful experiments
or numerical analyses is a classification of the given problem based on the overall knowledge
of the phenomena. The authors proposed a method in which offshore structures are idealized
as spring-mass systems. The characteristics of the collision problems were studied to get the
overall knowledge using this method. Such knowledge can be utilized to classify given pro-
blems and also to decide how to tackle them. Following the above strategy, collision problems
of single pipe and an elastically supported pipe were analyzed using beam and shell Finite
Element Methods as examples.
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(A) Lecal deformation cf collided mamber
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Fig. 2 Idealization of offshore structure
under collision.
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Fig.3 Spring-mass model with
n-degree of freedom.
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Fig. 8 Contact force F, for (K=10, M=10).
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Table 1 Equivalent stiffness and mass of

pipes.
D/t | Ky (Wm)| Ky (N/m) | m, (kg) | my (kg)
10 2.78x108| 1.96x109 | 1.05x70% | 1.43x102

20 | 1.62x108] 4.57x108 | 5.74x103 | 2.14x702
40 | 8.74x107] 9.00x107 | 2.94x103 | 2.23x102

Table 2 Stiffness ratio and mass ratio of
pipes under collision.

Model | o/t|mc (kg)| K | M 8
M10-160° | 101 105 | 7.03 | 9.21 | 1.43x1073
M10-1000 | 10 108 | 7.03 | 92.0 | 1.43x107"
¥20-100 20 105 | 2.82 | 17.5 | 2.1ax1073
1120-1000 .| 20 106 | 2.82 | 174, | 2.14x107%
#40-100 a9, 105 1.03 | 34.¢ ! 2.23x1073
#30-10060 | 40 108 1.03 ! 340, | 2.23%x107%

3.3 BlittsLVEEL

X b, Tablel THz bRICEMA R L OEME
ERAVDE, 100t, FI0 1,000t OEEXFEORIG
2, D/t DBRIDH3ED M TIEETDH6 o — A1
WK 3 XOVERILM P EE T, Table2 »%%
bhB, Tok, EEENC, Tk D[t=40, m,=100
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Fig. 22 Relation between impact duration time
and higher bending mode.
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Fig. 23 Classification of phenomena with respect
to higher bending mode.
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Fig. 24 Effect of higher bending mode on
contact force (L=10m).
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Fig. 25 Effect of higher bending mode on

contact force (L=30m).
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Fig. 27 Contact force acting on simply
supported pipe (M 10-100)

T 64 DE LICERSEI LA, B25F0 TR0 1/2
% 16 HE| Lic, Fig 26, Fig. 27 1, H3 EE5cE
M 40-1000 35 JOICEIRIZhER D K &\ & FH X
B M10-100 o 2 # — 2 ¥ i, Bk ORZEL
FLEHEET T, BEFA, vV EFAN OB CHE
Lich DThHbH, ekl bR hi: Fs 3ENHc=
ANF - L2 ROFMERERLT, ML VBELMR X
S, #EBHIEELDND M40-1000 124 BAHA, B
EotE R AL M 10-100 1o\~ Th, 3FEOIFLE I
I2BIRBL—KLT\5%, Licii->T, Table2 kxR
SRIETES LCEHEYFEOBECHBE T, v=re
FAD LS INHEMRT ARG Th, —HREEFA
L OERBEOLE2THEE TFRATE 5 2 L0
E?»gﬂféo

—%, BEFoLOwEETs L, BEGERETS
B H M40-1000 (3EE#AY & 2Tce b, b, BHE
EHrELZHBELTH, Fig 18 2HWT, 558
EOTFRNRTETH D, Tithd, BHMIRIU 17
ZERT AT € — 2 v F O DB R SR BB
Wb s5, coEME X b, BEIEHCK T 5 R
ky MET L, HEHEIX Fig 18 kT, X b BHBHF
HIEBET5, 2D XdicELDE M40-1000 D4

NI | -El ectronic Library Service



The Society of Naval Architects of Japan

284 HEEMFELRIE HF 1605
i HEERETH > CLEBICIRIFEL LD &
FHEIND, 7, RMEHOB M10-100 T3, Fig 0
27T LRBRD X 5B CEOBEMIMNEDE LE Y, 6.0
DI = —TEIT LI MREER T T, DX
STEBRUL, A TOoMTR I 2BEEH LD LB
DEMETENRE UG Ieh EFHEEND,

—___ Soring-mass Model
{2-D.0.F.)

Spring-mass Model
(3-0.0.F7.)

S
o

Contact Force (N)

4 BEEKICTR_RIN/M TEHOEREE Jre—t k2 \\
HIE T, B— o FHOEEMBEER L, £ ‘ \

BaBE Lo Lv L, BEEEMCRT 2HE T, o(.)" 0.;5 ol.ao o.las‘ 0.60
BEREZT 5 A TEHIILOTMIIT X > TR IS Tine (sec)
HIhTb, £2T COETE, BEo—Hcs &8

%3 TEH OB IRIEOR b 2D T, EAR
ItEZ %R T,

~
o
T

Contact force acting on tubular member
with elastic support (M 40-10000 A).

105
—BIELT, CwvFT 7Y FOKES L — A5E K - s Soringmess tade
BEEFTLERYELAE, TR a— FEIOH 6.0- JJ Il‘ Z;r ng-mass Kodel
D7 V—ATHERINDE VIZIHZRHIRTEDY, & T

R L 7 L EBE L LTEBT 50 £2T, L0 e 1751 f%
BT — ¥ OB THERE — KM TR E 3, \ E
VIR—EOA R BERCESR SR, HMELLY 7 DES m% \1 fo
EDI = HBED A FEEROLE & LTS h - ( \
Bo oI L, VIZIRHITLEMEIES I OCLMEEY . J \ ln“ » ( . 1
DL REET B E S MERSEOBEE LTES 0. " e o) " “0
??;;Zg;;ﬂ’z;i;fiigﬁg L ORERT, Fig. 29 Contact force acting on tubular member

\ A ji=8 ANEN (& °

with elastic support (M 40-1000 B).
BEE TR Lic~4 ZHaS, kY m* 7o SRk & _
UHFMEARZ bOWEMC L HZFIRTHY, Thie %HEE »* L LTHYAREYSen, BEOEE
BIGSEET 2 VO MBEERE L, COBEERET #aheounT, LOEIEENFECL W ER
Bo —@lE LT, M40-1000 oB&RE b LI, Z£/E I, TOEOEAEEISEHE = F L2 -

HEm* 2B U FE R 2R % M40-1000A  MELHECE VIMETE S, b, “EREEL
(k*=10%;, m*=1000t), M40-1000B (k*=F,/10,

DB TR OWRIEICH LTE L ORBEE % 7
m*=1000t) D 2 r — A DOWTULEREIE L1, Fig I3, &5 LTBLILERL BEmo L ohEsy
28, Fig 29 13, BBOOBMELZRLTEY, KR HEL UTEHEMEITRT > &b, Fi-EHREEs L
REZHBEE TV OIREY, TSI SRR TROYPNELLEIZHET HEOEE G5 2
BULRTHEE 7L ONEREL T, CABORNL %,

Bohink 5 BERKE L M40-1000 A DIRE % -¢ 5 &
1 TEEDIRETIZEAE—HK LT3, Shik L,

BtEs Sy MAO-1000 B CrmEOMICEL 2 mE  HEMICHT BEEEY ONES L BB LR T
DR b D, Licdi» T, M40-1000 A =B LTI, Dby, BEORHWER YL, hicES<MED

S FEEOHIRITY LS IER X W EE»FR (BB RRAR TS B0 £ 2T, BEYRFEHICHH

BT ENTE BN, TAHFRELTC, BHEEEDY S FEREROMEAL

)
=

Contact Force (

il

M 40-1000 B Ti3 - 1 7D FHHHE

DEHMLZE LIENBENPLE LIS, T T, Y TEHEZREL, —HHEE=TLVRAREEONEY
v ¥ T v TV IR, VIRIVKTET L—2DRE| fTus, B LA LEDSRIBELBE S Lice T big,

YL BY Ry BB T 2 L, B3I 102 oF —F—Lich CHCESHBOME ST %, B—r1 Skt s
VZ7ORRER T v - AQHITREIE X DENMKKEL, B HREECOWTEBHICR L, ¥, BEFAEL

2% M40-1000 A iE W EFEEh 5, ‘ B = b 2 FARBCIRHREN 217, A xBEE=T
ZITR, BEoEYBECRTR

B, M &, v OZEE EERRFYE LI Lic, ik, B—A

NI | -El ectronic Library Service



The Society of Naval Architects of Japan

w@%%w%ﬁaﬁ%%ﬁ%@%ﬁmgmﬁ?agﬁm% 285

THOEERBBON I b IECERICK LT, AxEEe
TADERCSRVELTH B & NER S Rty
=7, BEET0LOrowT, BligksikE <, BE
EAhECBETIE, BEECRET S v~ v rE
SOBDLN, CHREEAEEORREN T b5
P OB RRT A0 EDDER L E S bhd, itk
T SO BRI L LT, B ES Rt s S
DIEEZEITL, BEOHEREY ST 2 HEEE
BOWSBROERNFHE 2R L,

2 £ X ®

1) C.P.Ellinas and S.Valsgard : Collisions and
Damage of Offshore Structures z State-of-

2

3

4

5)

the-art, Proc. of the 4-th International Of-
shore Mechanics and Arctic Engineering
Symposium, Vol.2 (1985), pp. 475~495.
EH, ®, FB, S EENETCSES
V= s BEOHBEISE AR, HAGREAR YT
£, 158 & (1985), pp. 348~358.

B BRGERT (2 v a— st X nmET
FHE T-4-A), =EL, 1972

W.H. Hoppmann : Impact of a Mess on
Damped Elastically Supported Beam, Journal
of Applied Mechanics, Trans. ASME, Vel
70 (1948), pp. 125~136.

FRES, 73, MK, &5, |®HE, %%: Ty oy
Ty 7 A4 S OEBIREER, HABHR
2 XE, 150 5 (1981), pp. 341~349

NI | -El ectronic Library Service



