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Dynamic Response Characteristics of Steel Frame House Structure on
Semi-submersible Platform Under Ocean Environmental Load
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(Jiangsu Key Laboratory of Environmental Impact and Structural Safety in Engineering, China University of

Mining and Technology, Xuzhou 221008, Jiangsu, China)

Abstract: The steel frame house structure on the semi-submersible platform suitable for 1000 m
deep sea was taken as the research object. Firstly, the finite element method was used to simulate
the dynamic time-history response of three-story, six-story and nine-story top structures under
the ocean environmental load of one-hundred-year return period sea condition, and the suitable
recommended height was obtained. Then the dynamic time-history response of the recommended
height structure under the actions of both land earthquake and ocean environmental load was
simulated by finite element method, and the results of dynamic time-history response under the

two supporting conditions and action modes were compared. The results show that, under the
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ocean environmental load, the dynamic response levels of the three-story and six-story structures

are relatively small and the difference is not big, while the dynamic response level of the nine-

story structure is significantly higher than that of the six-story structure due to the large influence

of sea breeze and structural slant. Thus the six-story height is selected as the recommended

height. The dynamic response levels of the six-story steel frame house structure under the four-

month return period ocean environmental load and 8 degrees frequent earthquake are similar,

while the dynamic response level of even one-hundred-year return period ocean environmental load

is lower than that of 8 degrees rare earthquake. The research findings can provide a reference for

the design of the top structures on offshore platform.

Key words: offshore platform; ocean environmental load; top structure; steel frame; dynamic re-
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Table 2 Material Composition and Performance

Parameters of Mooring Lines
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Table 3 Section Parameters of Top Structure Members

Calculation of Platform

i i HEm AL FH bR SR ME SR A S HE 4 Rk
32 HN346X 174 X 6X 9 HW350 X 350X 12X 19 Beam188 BI0 , % ] Shelll81 B0, HEZR I 54E
65 HIN346X 174X 6 X9 HW492 X 465X 25X 20 Wk BEMR S HE R > A R R R .
92 HN346X174X6X9 1550 X550 X 20 7?(%1‘@%[@77:6}@?%‘2@11[1@ 5 ﬁﬁi_\‘(u 6 J%*E?p@

3JE.6JZ 9 2 BHELL (43 Hlid Ky S3.S6 il
S9) 1) 45 K4 - T A B A )L An 3 T L B2 )
¥4 3 m., R PKPM #4785 #1531, 3 A~ 4544 B
A HEE 24 532 (1% 48 1T 459 R kg A ) 7 EE S 1) A e 0
B3 AN 25 4 45 0 0 4% 22 22 B) 50 B A AH ST 1Y) L 0]
SE 5 HEZEAE 5 HE 48 B2 1 b R Y SR FH Q345 4. AT
PEA 2R A 100 mm J5 R A0 B - O+ 4 A B,
AR AN AR Q345 19 YX75-200-600 JF 11 Al &
RV, B9HR JE 3 R 0. 75 mm; V& % + SR FH o i 4%
o C30 W S IR BE . BT A AR SR R TN
600 mm X 200 mm X 200 mm B 2€ & 0= 1R & )
Y R i a2 ARG BRI AE R R T A . 3 A
SERYI [ E 9 6201 278.2 007 t,

A

e B S5 LER&GHshAmMMEITERTER
S Fig. 5 Finite Element Model for Dynamic Response
S Analysis of Top Structure
C; 1.3 TEHAR
: V- B TR AR R 1000 m. ik % B
B 1025 kg » m R %N 1.29 kg « m *, Sy fl
H B 0,81 m - s, YEILHR AT JONSWAP if
A

" 6000 6000 6000 ,,_ 6000 ;. 6000 JAGHE T NPD . 380 1 R J1 90 2 B9 O 2% 3 77 M
0, R IR 4316 R R 100 4P — 38 3
U5 4 TRV B 5 A L KRR B A B O 4,
KR L 7 0 R PR AL 0 ) 1) 0 S 400 45 T
WL AE AQWA R AT A B 1R U A
Sy HE 5 T A8 LR 2 A SO T (4 AR 3E 8
A B B RS IR 2 JE— 25 76 ANSYS i id
8 20 R BN R 2 1 o A M 31 4 A~ S Ak BY 8 A
B A TR A B 12

3 EARMERSEMTEME(RM mm)
Fig. 3 Plan Layout of Steel Frame Top

Structure (Unit:;mm)

1.2 ARTHER

1E ANSYS s sr 45 A ROT A i il . F &
TR AR AR SRR L T B AR RS S
MR ] Shell181 BT . B4R H] Pipe59 HT. F
BK BN ST RN 4 s .



26 EHAMFE TRFR 2022 4
R4 100 F—BRHEBRASH 30¢
Table 4 Extreme Sea State Parameters with 100 Year sl I . s
Return Period < 15l . ’i _:_ Sg
55 i 2 28 et ® e a
W T T 1.499 7 ® 121 ""'~-f.\“
e U L/ s 18 6 k e .
1 miiﬁg/i : IZ 1250 17200 17167 17143
H/(m s 5 2 18] 7
i P/ (me s D) 1.57 (@) &E;;Z{Eﬁ?z%ﬁa
1.4 BHARESH N A
1 T F 5 FAR 0 PO B AR A L I AR 45 1 #r e
2y 3 e iz 5% e A PR T 5 B R i Ak i JRy R AR TR L A ﬁ,\i‘s' _,-" ,,/‘/ . s
4 SR W A 3 /1 s G 45 1 8 e 12r o e 56
FRAE LT A s 55— i, F & £k FE of A
K 05 3 PRV O P R 77 4347 1 5 e L R 0 - o -

ME ST A R85BT DR B R R UL K 3h g 4 b R
R R P Y AT & S ARV KR SE AT 4 T
PR s AR SCHE T AR R 7 5 = A CE I
A g 2 0 0 A A B R it B OF B B AL b, A
ANSYS w47 3l I3 I AR 3 7
1.4.1 Jmik Eem o

3 AN [ o B T 45 ) % B )22 JB e o s JRE 0 {1
K6 Jrm . HIE 6 ] 0 . 25 A4 i ek R 0 1 Bl v B 1)
T AL S LA 4 G 5 S3 2% 5 )2 10 o 3 R 0 1 % /)
T S6 A S9 K HEE LT S6 A1 R Y 0 R I I
S9 HHEEEAAEY .,

12 a
//
o A
D -7
. //‘
E’ 8 /./{
= o
g /’( —=— S3
4 o - S6
b o2 -*- S9
B .z
0 6 12 18 24 30
7 E/m

6 HRum iR bR S N g
Fig. 6 Peak Acceleration of Top Structure Under

Extreme Sea State Condition

1.4.2 fa#map

A S A 0 T B 7R 2 A 25 R )2 1) i K 8] 6 A%
i LA e A0 S ) B R A XN RS 1 7 B . b kg
T 0 B KA X A% 2 48 - DL IR J7 18] — > £ A B9 A
JRVE NS 53 %A S )2 R 5 AR 5 5
MRS S % AR B R R XA . BAR
IR B g LT 5 237 AR KR B 4% Bl X IR
SE SCHY JZ T8 A2 7% £ ARG U A AN A 35 T A8 I 51k

i #%/mm
(b) M s e K AR X (U %5
B 7 RikiEg R bR R K AL I R
Fig.7 Maximum Displacement Response of Top Structure

Under Extreme Sea State Condition

MRS & T NIAR S5 A AR . S5 40X B
SE SCHY J2 18] 3 7% £ FUAR GF 0 5% 41 J2 11 FH I B i e R
{8 JFAS BLAT I () %8 107 4 o DR T AR D 8% 45 )2 [ 45 7%
MZEDFIE . 7 A

(1) _FR G5 45 HE T2 19 fie K2 8] 13282 3 73 A 44
NI, S3BIEKRIZ ML AR 1 2B 5 2
JERIES 3 JRFEANAN 25 S6 14 K= 8] 5245 fi A 1
SRR 3 JZZ WG IN AL 4 TR R IR e/ ME
SRIGFHE MR S5 1.2 J2 REOH 25 19K Sl
AL T STBsS9 M RIZ ML MAES 1 )=
KRG BN B 4 R IK B e /ME L Z A
54 Z BN 6 JE SORW N . B 5 AR 6 JREIEE 9
JEMEEARRFF A, BRI R T CE. Lk
R JZ TGS B 1 1) 52 2% o3 A1 2 B0 TR RO L T
DAL [ 2 5 T B 9 5 PR B AR T LU B R 2% LG Y
BEALPE SRR SF R IS R . A LT & . S3 5 S6
R JZ TGS 7 1 B K P SR A 258 L T S9 1Y B K2
6057 3% A 0 B 2R T S35 86 #Y.

(2) 7RGl 1 2% J2 1 5 A3 ROAH X 3% 73 A A X
1 B o 3 /24 IS Bl e J3E ) 39 o T 30 ) S R R 0 O
MILLT & S3 15 S6 i = J2 (9 B8 5 5 0 A Xl B 4%
MR S T SO (44 S foe A X AL I B KT S3
I S6 X 17 1 i Ak B
1.5 BEEEEEW

HISE 1. 4 5 254 Bl g w13 23 A 245 28 T e A



% 5 FERCFEFRBETRTFBEKXT S LAREG BINIER LM 63 ) ok L4 4R 27

[) W v v AR T A8 S ] v 5 45 4 o o7 B 2 I x5 BEFERETHSH

I e RN T BE A KA 25 R LB RR R B K Z Al v Table 5 Ocean Environmental Load Parameters

8 A1 JrE i B JORFORH I A% 20 A7 70 WY 8 22 ) 3k b 2% B8 1 2 2 1 d FH |4 A H T 100 45 T BLY)

PIEEEME O BEMNS 6 BN 3 ELSEMELH6 JEE | JONSWAP| JONSWAP | JONSWAP

B 3 EEEMERE & RIZ RN A Mk 5 i KA o FEETHE AT | 1,000 0 3.298 0 1.499 7

XA SR A B HI B B /NF 9 R4, i 0]/ 9.7 15.7 18.0

XL Y LEMEERT 6 20, BA AT e sk 4544 A LIRS /m 3. 66 9. 88 15. 00

) 73 W OF BRI G R PR s AR SCEEBOT 5 LRSS 0 A% NPD NPD NPD

BEANEBS 6 E.HL 6 EREMNEESE K (m s~ D | 145 24.9 56. 0

) lﬁ:*ﬂ; ﬁ%{,'ﬁﬂﬂ = (BT b R Vi @/ (mes D] 0.50 0. 80 1.57
MR AE T AR S Mo 2 Ry 11 28 BT MR o 2l 5 — 4

¥ 3h 71 M Bz 4 4E Xt Bk 43 #7

MRS 1.5 T g il B IS 1. 1 99 fr ik
() 6 )2 BAHE QL 25 K 1F Ry BE AR 25 R B AU L K I 43 0l
HoE TR A0 R AT ) 7w A A, — R R
I FE TR O T & 42 0V IR B A 44
FH o 55—l S HC 18] o 7 ki b i T L 28 32 bR AR .
MRERR NG P G A RTEE R 55 1.2 15
AH A
2.1 TFHIER
2.1.1 HERBHFR

HR RS 1.3 b i A SR S 1
WAl b 25 PR VR B B A KT B LU SO R
2 B 3 HL VR U SO R 22 M AE 6 m 22 AT ) =
TR 55 A R AT 43 A 3K = SR 28 T Rk 1Y) B A0
A3 1 d4 A4S A A 100 4F fnf 3 HAR S BOILE 5,
2.1.2 WERG®IR

HFCERPUR BT ML) (GB 50011-—-2010) ,

0.6 0.9

ol W\MW

0.3
—0.6

I BE/(m » s77)
&
N BE/(m » s7%)

PURR B ZUE S 8 (0. 2g, g jﬁijﬂ]ﬂﬁf)ﬁ%ﬂz
i&%fﬂ?ﬁﬁiTiEslﬁﬁﬁ*ﬁ*Efﬂ?ﬁRlT 45 it —
8 i e 8 AT WK 8Ca) <d>Fﬁm;H
P AR AR A3 45 e A AU (R 4 252 I [ 45 2 5UAH O
8 J 0 Tﬁ%ﬁi@%ﬁﬁ*@ﬁaﬂ%ﬁﬁﬁ*
HEHEWAS 8 L0 K 8 Bl A T A i A 5
Pric s M 72 9% CR AR P . Hovp Friuli _Ttaly 3 #1
Mammoth Lakes #2155 8 i 28 A T 43T i K
SR, Imperial Valley 3 fil San Fernando I &5 8
A TR £ 983 T 8 (b) . (o) (o).
(DR 7R o a5 B fin 75 1) 55 15 1 2055 far 28007 [a] A0 7]
2.2 HIAWBELSH
2.2.1 7]<-‘T"7buji}@‘ vy N

Z5MTE 3 Aﬁ%’]ﬂﬁ@#ﬂ 2.3 1> 8
TE%LHAEU&S/\SE B AR R BB
JZ 50 R KT B (B AN AT 9 BT

&9 AT .
0.9
203
W\Wk ‘\E’ 0
£
m —0.3
] 0.6

—0.9

|
)
o

% 5 10 15 20 25 30
i [8]/s
(a) SEZBALKE

i [8)/s
(b)  Friuli_Italy¥¥

5 10 15 20 25 30
i [8)/s
(¢) Mammoth Lakes#¥

15 20 25 30

3

o o2 o ﬁ
; | r | ; ! I" s ; il m
& | = A{ W e #1| = " f“F“Wwwww i
# ® —1 ® — ‘
B B B _

‘5 . I I 2I5 3l0 _30 g 10 15 20 25 3I0 3I5 0 10 1|5 2|0 2l5 3|0 3I5

B [6)/s B [5)/s B [8)/s
(d) SEFBATLH (e) Imperial Valleyl (f) San Fernandoi
B8 MiEKMEEREMLE

Fig. 8

Time-history Curves of Seismic Acceleration
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