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Study on ultimate bearing capacity of unconventional stepped deck in cruise ship
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Abstract: [ Objective | In order to determine the strength of the special deck structure of a cruise ship, this
study investigates the ultimate bearing capacity of an unconventional stepped deck used in the layout of the
cruise theater. [ Methods | Based on the quasi-static ABAQUS method, the ultimate bearing capacity of a
stepped deck is calculated and the weak positions of the structure are determined and compared with conven-
tional deck failure modes. Meanwhile, the influence of the deck, longitudinal frame, girder web and girder
panel thickness on the ultimate bearing capacity of the structure are investigated, and two structural optimiza-
tion ideas are proposed: pillar reinforcement and longitudinal reinforcement. [ Results ] The results show that
the failure of the stepped deck mainly occurs at the boundary of the layer with the largest height difference; the
ultimate bearing capacity of the stepped deck decreases significantly compared with that of a conventional
deck; and the corresponding compression displacement and collapse depth increase obviously. The ultimate
bearing capacity increases with the thickness of the deck, longitudinal frame, girder web and girder panels, and
the improvement effect of girder web thickness is the most significant. The ultimate bearing capacity of the
structure can be effectively improved by adding struts or increasing the height of the web in the weak position
of the structure. [ Conclusion ] This study has great significance for the design and optimization of special
decks for modern cruise ships.

Key words: cruise ship; stepped deck; ultimate bearing capacity; structure optimization
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Table 1 Results of convergence analysis
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Table2  Comparison of ultimate strength between stepped

deck and general deck

P EGEAL R /om  WRPRA&ERJI/AN  IRFE OO IR B /m

T FR AR 13.2 3877 0.62
R AR 2.1 20 774 0.37

23 EMSHRN

Ry it — 20 WA AS ) 45 48 2 806 W R 2R 38207 1)
SR, TE PR RF A R LA RS AN AR (AT 4 T, 8 9%
FHORR . 0B AT IE AR A S AT T Al S B 72 A
B At P A AR B AR 2 T i S R . DA 1 mm JE
Syt S B BEBURE 6~9 mm AR, 7~10 mm
I E . 8~11 mm MIHHTE MR . 10~ 13 mm I
M AR A 75 B AR, 25 SR AN IE] 8 R .

1 8 mT A, BB FAR . S0 PMTIEAR L 2
DA T AR JEE S B O, S5 A B R AR 3 T Y s kg
PN (RN R T R 1 R R NS O AR A
R /1N oA 3 TS R 3G K 2 i B i B R S
Xof o7 P9 A7 B 348 K, b BH 445 g i B 7 28 0 45 K i TR
G AR TR (e 7 AR IG5 . itk Ah, ML 8(d) 7T
VLA H, 0T T B AR R 119 25 £k JLF- AS 5% 1 25 44 35
S B BRARAS Z HT 952 J1H5 L, 408G KT 2544 i i
B 7R 2 7 AN BIR R S 6 B ) 40 A 5 T oAy 3 T S
B 3G T S (i 25 A A BRR S Z 1T 179 A2 0t i =2 3
Ko MEZMIRCRRE, 2 AREE H 6 mm 3K
£ 9 mm B}, Z5F 1 BR 7K 4T B T 686 kN; 44\
B R 7 mm 34 R F) 10 mm I, 25 F4% BR R 25
JIHINT 625 kN; YT I AR E B 8 mm 15 K
£ 11 mm B, 25K B B 7 2% 7 38 T 980 kN; 4
)KL B 10 mm 38K F] 13 mm B, Z5F
FRAR 138 m T 342 kN,

DURZE R R 2 08, 43 00K B Al . B . AR
A D B AT TR AR A A X 9 Aefs PR B A PR A 2 )
(IR T EEAL I T 23 e, Qe 9 s . ATRLE ), 24
B JE 4 LL 1 mm Ay 38 i 34 57 36 48 B, AT IE Al 1Y
75 Ak Xt 5 A e B AR 2 T 1 4 TSR e 3, B
At 25%; FOB R L 0 4 TR RCR AR G, ¥R
16% 72 47 5 10 AT 1 A A2 Ah 1) 4 TH 308 e A fR
LN 8%,

3 ZEHgmsEFniik

i i L AR A RE TS A 2 A, R AR SR A
I et FFY A 45 ) 335 7 DA % 45 K 2 B A )

A A BB R FL R AR AR SR R 3 Y 147
5000
—— 6 mm e
- -- 7mm et
4000 o gmm et
-=-9mm _/'I_."’,’J
.’I’ " //
~ 3000} S
= S
%E ,/_.//
®2000f
'J.I_;/
Ry
oot
O I I I I
0 4 8 12 16 20
{i#%/cm
(a) H MR AR S A4
5000
—— 7mm P
--- 8§mm e T e
4000} ... 9mm ST
— = 10 mm /_.‘/,'f';"'
2 3000}
=
=
& 2000t
1000 +
O I I I I
0 4 8 12 16 20
i /em
QES =%
5000 —
—— 8 mm - N ‘.\
--- 9mm STl T
4000 ... 10 mm e Tl
== 11 mm s —
o
Z 3000 -
=
£
#® 2000t
1000+
O I I I I
0 4 8 12 16 20
B /em
() PAATHE M SR80
5000
—— 10 mm
--- 11 mm =
4000F ..... 12 mm T
~ = 13 mm - =
~ 3000}
=
E
2000t
1000 -
() 1 1 1 1
0 4 8 12 16 20
i #%/cm

(d) YT B AR S50
K8 [ AR S5 S8R A
Fig. 8 Influence of structural parameter change of step deck
BRORE S R E M ROCR o 1 T NG5 R B0 £ J3E 32 Hh
TSR 7 58 SCAE T sR AT AR, 4 10 Fros .
SCHENNSEAETE TO A T1 JZ A2 FAHE I 2 R 3 m



148 OE )

iy W5

W18 %

55| —— iR

—— g

—— YT AR
20— YMiTifiR

e B 1 /%

M i /mm
9 MRPRARE 7 1Y I Hh 2

Fig. 9 Increase curve of ultimate bearing capacity

(b) HThnss
10 BB FAR 4 M th Ak
Fig. 10 Stepped deck structural optimization

K 77 8 ST, DA B ) 25+ A2 T I i) 2 1] 37
5 YAHT s 2K TO 2 i HMTIE Ao s, IFK Xt
7 B AT TR AR FH 150 mm il 58 2 300 mm, LA I )8
55 = AR R E R . RIE, S T HE— 2R
5 7 B B AR, A IR 3 R RSE Y SR AT
PP, SRS, 25 e 3 fk 4 iR,

11 25 Y 7 SCHE ROE 350x12 1 TO 2 9 A
RSF 750%8/300%10 (N S 450 . Z55 R 3 AT LLE
HR SO I 5 E 5 A8 B AR /0N R 0 1% 8] A R
PEv T A A FR AR 287, JF B 3CH RSP #eR,
et af VS AT % N (SRS by Nt = B AN AT
i R 2 AR B 23 18], 52 hiE5e i D REVE . 45
G2 4T VLA, GO a8 fig B G 52 5 45 4 1 A
PR J7 o H R, GAAT o o I JE B By . A
ST LA H, M4 To ZHMmEES T1ZH
M BE (750 mm) AHAE T, S5 A PR 7R S $Em T
35.8%, H M S K, T X R A4 445 k) R R A SORG in T

1.6%, JUCR 2 TO JZHUMTIe 25 T1 R A5
SFRF (1200 mm) , A% FRAR O IR AR

®3 ZHMEER
Table 3 Results of pillar strengthening

SRR g WK At ERE RIREEH
/mm Hike HIAN  HIE% AR/ %
TXAECREM) 25957 3877
150x12 26296 4030 13 39
25012 26527 4324 22 11.5
350x12 26760 4537 3.1 17.0

x4 YHIEER
Table 4 Results of longitudinal girder strengthening

TOJZ Y7 SRR IRPRAK S E R WRAE
s /mm HR/kg HAKN  BIE% TR/ %

450x8/150x10(J5£5H14) 25957 3877

750x8/300x10 26379 5264 1.6 35.8
1000x8/300x10 26598 4746 2.5 22.4
1200%x8/300x10 26772 5034 3.1 29.8

I F1/Pa

(a) AR

(b) Gz
K11 Insmas i i B st FER S

Fig. 11  Ultimate strength condition of strengthen structure

4 & &

AR SC LA IR 6 E F BB B AR R BIF 5
4, 3T ABAQUS HEFR A Ik T3 T 4544 1A R
HRE T, 5 PR R R AT TR L, A T
TR YR AT I AR R AT T AR R A
oK B 5E I, IR T ARG R 0 Ak SR B, A5 2L
T4ie:

1) BB B A A 99 55 007 5 Ok v B 2 0 K
TO A T1 25 FEAL, FEYN 1) FE 4 it A2 o, 35 B 0



%61

A S - e AR AL B P AR R R ) 5 149

IS 7B B 1A, OF L 5 B
WCERAR S . B AR T S AL R B2
i 98 8 S L O SR B, 3 LM LA
IS E T

2) s BRI B BR80T R 2, 50 %5
RO BRI AR 20% 747 EL A BR3BEAR 25 %4
A 0 4 85 AU o1 YR W SR K

3) B AR 1 B R 9 B AR A
SRR 4R 4 5 A0HT AR A5 6 4 T84, o
KL% B 042 TR0 83, LU
B

4) 1 8 74555 0 4 0 SR o K
TO JZ 0TI R 5 5, A ARE 244 1575 /2
10 A7 5 0 BRUR AR . B R, T
SR 5 4 SR 5 TR IR B 20
i ISR A

&% k-

(11 MRS, 20, 2R . IR G5 04 Jin fif Ak i PR ik B2 1Y
MR [7]. AN, 2021, 43(9): 37-42,64.

MEIJ X, DU Z F, ZHU H T. Influencing factors of ul-
timate strength of stiffened plate of ship structure[J].
Ship Engineering, 2021, 43(9): 37-42,64 (in Chinese).

[2] PAIK J K, SEO J K. Nonlinear finite element method
models for ultimate strength analysis of steel stiffened-
plate structures under combined biaxial compression and
lateral pressure actions—Part I: plate elements[J]. Thin-
Walled Structures, 2009, 47(8/9): 1008-1017.

[31 PAIK J K, SEO J K. Nonlinear finite element method
models for ultimate strength analysis of steel stiffened-
plate structures under combined biaxial compression and
lateral pressure actions —Part II: stiffened panels[J].
Thin-Walled Structures, 2009, 47(8/9): 998—1007.

[4] CUIJJ, WANG D Y, MA N. A study of container ship
structures' ultimate strength under corrosion effects[J].
Ocean Engineering, 2017, 130: 454-470.

[51 LIUB, GAO L J, AO L, et al. Experimental and nu-
merical analysis of ultimate compressive strength of
stiffened panel with openings[J].
2021, 220: 108453.

[6] LIU B, YAO X N, LIN Y S, et al. Experimental and

numerical analysis of ultimate compressive strength of

Ocean Engineering,

long-span stiffened panels[J]. Ocean Engineering, 2021,

(7]

[10]

[11]

[12]

[13]

[14]

237:109633.

TI3, EARAL. KB R TC ST W m A Pk A B A
A (9], R EE S, 2011, 52(1): 17-25.

WAN Q, WANG F H. Longitudinal stability analysis
and optimum design of supportless long-span deck struc-
ture[J]. Shipbuilding of China, 2011, 52(1): 17-25 (in
Chinese).

KA, AR, B R B D A B B AR A A B 4
F1E 52 24 52 J1 RS F RUAR R BR BE R 5T (0] o I
2013, 54(1): 60-70.

ZHANG J, SHI X H, GU X K. Ultimate strength study
of stiffened plate under complex loading with initial im-
perfections[J]. Shipbuilding of China, 2013, 54(1):
6070 (in Chinese).

TR R, KBRS b )2 SRR AE s T A vk
WF5E [D]. Widb: ERIHE TR, 2019.

GUO G H. Study on strength assessment method for typi-
cal bearing structure of cruise superstructure[D]. Wuhan:
Wuhan University of Technology, 2019 (in Chinese).
Tk, Bk, S I, 45 RGeS L s I AR B 2R 454
% B8 B AT (3], T E AR A 5T, 2021, 16(5): 181-188.
GAN J, SHAN O, WU W G, et al. Ultimate strength
analysis of typical perforated high web frame structure
in cruise ships[J]. Chinese Journal of Ship Research,
2021, 16(5): 181-188 (in Chinese).

JLL B, FLAERR, =R, 5. 297 1 FARBR 2L 45 1 A PR
AR (7). EAARIFZE, 2019, 14(2): 45-50.
ZHOU H C, KONG X S, YUAN T, et al. Experimental
study on the ultimate bearing capacity of deck grillage
structure with multiple openings[J]. Chinese Journal of
Ship Research, 2019, 14(2): 45-50 (in Chinese).
RS BT A ROILE M), JEat: AR ZZE
kit 2018.

CCS. Rules for Classification of sea-going steel ships
[M]. Beijing: China Communications Press, 2018 (in
Chinese).

SHI G J, GAO D W. Analysis of hull girder ultimate
strength for cruise ship with multi-layer superstructures
[J]. Ships and Offshore 2019, 14(7):
698-708.

CUI J J, WANG D Y, MA N. Key influencing factors

in ultimate strength analysis for large container ships[J].

Structures,

International Journal of Offshore and Polar Engineering,
2019, 29(1): 85-96.


http://dx.doi.org/10.13788/j.cnki.cbgc.2021.09.08
http://dx.doi.org/10.13788/j.cnki.cbgc.2021.09.08
http://dx.doi.org/10.1016/j.tws.2008.08.005
http://dx.doi.org/10.1016/j.tws.2008.08.005
http://dx.doi.org/10.1016/j.tws.2008.08.006
http://dx.doi.org/10.1016/j.oceaneng.2016.11.061
http://dx.doi.org/10.1016/j.oceaneng.2020.108453
http://dx.doi.org/10.1016/j.oceaneng.2021.109633
http://dx.doi.org/10.3969/j.issn.1000-4882.2011.01.003
http://dx.doi.org/10.3969/j.issn.1000-4882.2011.01.003
http://dx.doi.org/10.3969/j.issn.1000-4882.2013.01.009
http://dx.doi.org/10.3969/j.issn.1000-4882.2013.01.009
http://www.ship-research.com/cn/article/doi/10.19693/j.issn.1673-3185.01895
http://www.ship-research.com/cn/article/doi/10.19693/j.issn.1673-3185.01895
http://www.ship-research.com/cn/article/doi/10.19693/j.issn.1673-3185.01275
http://www.ship-research.com/cn/article/doi/10.19693/j.issn.1673-3185.01275
http://www.ship-research.com/cn/article/doi/10.19693/j.issn.1673-3185.01275
http://dx.doi.org/10.1080/17445302.2018.1552548
http://dx.doi.org/10.17736/ijope.2019.ty03

	0 引　言
	1 数值模型
	1.1 模型尺寸及材料属性
	1.2 初始缺陷设置
	1.3 载荷及边界条件
	1.4 网格收敛性分析

	2 结果分析
	2.1 阶梯甲板极限承载力
	2.2 失效模式对比
	2.3 结构参数效应

	3 结构加强和优化
	4 结　论
	参考文献

