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Equivalent coefficient of stiffener stress of stiffened
plate under moving slamming load
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(1. School of Civil Engineering, Zhejiang University of Technology, Hangzhou 310023, China; 2. China Shipbuilding and
Marine Engineering Design and Research Institute, Shanghai 200011, China)

Abstract: In order to explore the regularity of dynamic response of stiffened plates under slamming load and
establish static equivalent design method of stiffened plates, which covers the moving characteristics of
slamming pressure and the dynamic response characteristics of stiffened plates, the slamming load acting on
the flared bow is simplified in this paper into a moving pulse time history which rises linearly and decays
exponentially. By using Abaqus finite element software, the elastic dynamic response of multiple stiffened
plates under moving slamming load is calculated and the influence of different load parameters on the
dynamic response of stiffened plates was analyzed. The Dynamic Load Factor D; g(Dynamic stress equivalent
factor) was introduced to analyze the variation rule and sensitivity of Dy ¢ and the dimensionless parameters of
slamming load. The regression and verification of D; formula were carried out. A parameter determination
method of the simplified slamming pressure model is proposed. The comparison with the results of wedge
drop test shows that the proposed slamming stress equivalentizing formula D has higher precision and can

effectively improve the efficiency of the preliminary design of ship structure under slamming load.
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Tab.1 Geometry of stiffened plate and properties of material

I 4 M /mm 5w AL [ EE /mm ML FE /mm HE /mm CELELRE
151 1500 500 1500 15 T16
254 1200 400 1200 15 T16
3THR 1200 300 900 15 T16
45 2400 600 1800 10 T16
554 2800 700 2100 10 T16

R 2 FoRMBJLA S mEFRM IR
Tab.2 Geometry of stiffeners and material properties
BMHS G mm G mm AR mm RGUE /mm SRR /GPa BE/ (kgm ') AR

T16 145.55 48.5 6.5 14.45 210 7850 0.3
T18 164.11 48.5 8.5 15.83 210 7850 0.3

1 B T 7 1)

WA T I0]

P 3 s AR A B 28 A A 8 D5 1 s A
Fig.3 Model of stiffened plate and the moving direction of load
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Tab.3 Slamming load parameter range
IE{H /kPa T /m TREBAKE /m BahdE / (ms') fIREAH /kPa

FEMET I 750 0.15 0.3 50 75
AAEE 200,750,800 0.015,0.075,0.15,1.5.4.5  0.075,0.3,1.5,4.5 10,50,100 75,225,375
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Fig.4 Effect of the length of the load rising section on the dynamic stress
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Fig.5 Effect of the length of the load drop section on the dynamic stress
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Fig.6 Effect of load moving speed on the dynamic stress
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Fig.8 Effect of load low pressure value on the dynamic stress
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Tab.4 Definition of dimensionless parameters
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Tab.5 Characteristic parameters of stiffened plates

s MK o S PN R T ) B T B AR )
T a/mm w, /Hz T /ms ¢ /(ms’) ¢ /[(ms’) p /kPa

1 1500 184.30 5.42 277 277 639

2 1200 402.42 2.48 483 362 1775

3 1200 259.08 1.85 311 311 998

4 2400 85.81 11.65 206 154 197

5 2800 61.96 16.14 173 130 145

N T 5 AT Dyp A5 RF o 2 JC PR SRR R A AR RUAE, 7236 1 AY 204 Y R 9 it — 2 A4k, T2
100 Z B sh i, e 1 2 s s i i b VR T 5 SOl s Fma 5, 25 LA 9.

2.0
Bz -
8 e B iR )
1.5 %’ igi}fé —— W TAES)
0 55 151
< 1.0 S0
0.5 HH H 0.5 /“""‘\__.._h
T Zennimas) ] ﬁﬁﬁ%muﬁ o3 T I 3 "
Co
(a) AFEHUAS IR, S R AEXT L (b) D, 5Tk 5 R
2.0 2.0
' e R S —— W E S
—— gg%g??ﬁﬁg s —e— Hfi I T2 S
1.5
Q L0 /**_H—O—-f Qﬁ 1.0 //'Mﬁ
y /_/.———0‘_—_‘_“ n //’_,..———‘—W—‘
0 0
0 1 2 3 4 0 1 2 3 4

l do ldO

(¢) D ALK ETHEARERR (d) D STEHET BB LA



5100 M R AR T AR I SR 141

2.0 2.0
—=— AT 1012 3) —=— AT 1012 3
s —— B LT ARED) . e B T ARIES)
5104 1.0
Q \‘_“"—;‘ Q M
0.5 \.“‘_—* 0.5
0 T T T 0 T T T
0 1 2 3 4 0 1 2 3 4
P Lao
(e) DA IEMEE R (f) D SR EA R

K9 Dyp SEGTTHRRBER
Fig.9 Relationship between D and the dimensionless coefficient of load
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Tab.6 Comparison of D,y calculated by finite element and regression formulas (5). (6) for stiffened

plates with different specifications
e JIREESYY P YL AT B 3 2 for T /512 51
s K BEE RE B mE - AT ; FE - AT
- a /mm b /mm /mm ErR= o @ YN AR o “© AR NN
1 1500 500 15 T16 0.10 0.25 0.71 0.97 0.14 0.33 1.10 1.03

2 1200 400 15 T16 0.13 025 0.68 1.01 0.13  0.25 1.06 0.95
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Fig.12 Wedge body falling-in-water slamming test conditions
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Tab.7 The size of stiffened plate for testing

£-3h1/mm %5341 /mm B /mm B R F/mm FEA ] /mm
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SR T o AEUS AT 108 shE A ERTR, BEBS 2005 S mm (1 Dy MAEEMEIRIE AR

Dyp = 0.3622 —0.5938¢, + 1.56114 +0.2535¢2 — 2.391¢oly) — 2.82212 —
©)
0.2603¢214 — 1.81co 2, +2.0478, +0.4973¢, L5, — 050681,
2 8 R, XFF S6Y, [MIHZ = s A i 0 1 5 B8 (5 6 & 1 F-31R 250 17.4%; XFF S8Y, [F

B AT P R ) SRR (E P AP HER 220 14.4% .
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xR 8 D AEWEMHREAELAK (7). (9) HIREILLSR
Tab.8 Stiffener stresses calculated by Dy r method, Dy formulas (7) and (9)

LoATIREN ffidii bR ) (S6Y ) R Wb sy (S8Y) R
T o WRE AROT ARUTE 20K 20 AR 2R E
*D20HS500 24 19 19 0.98 24% 20 17 17%
D20H1000 43 32 32 1.01 35% 34 30 13%
D20H1500 61 44 51 1.16 41% 56 44 25%
D20H2000 79 59 70 1.18 34% 74 58 27%
D20H2500 92 70 77 1.10 31% 82 72 13%
D30H500 11 10 11 112 9% 10 10 1%
D30H1000 19 21 21 1.00 7% 19 18 8%
D30H1500 27 27 29 1.05 2% 26 26 1%
D30H2000 40 35 39 1.10 13% 37 30 21%
D30H2500 45 44 45 1.02 3% 41 38 7%
D45H1000 7 8 8 0.96 14% 7 8 19%
D45H1500 12 12 12 0.96 2% 10 12 18%
D45H2000 16 21 16 0.75 22% 13 16 16%
D45H2500 20 19 19 1.02 6% 15 18 16%

*7E: D20HS500, 75 220082 K, T M8 /&500 mm, HAhIE[E,

54 1

S @i Wl 2 Y 2 i v i i W O @ e L s T T b ol A N I E= W e S 177
B0 R AFENE . LATCEEUGH 5 TR N BB B F AR s A T IRT 0 3B A BROT R A 5 7K
B X} Al 1 A R R B S T IR, 15 2 FEEEH R

(1) BPeh 2 RS Sl B 5 T BB B se ma il A sh v i) B2 &

(2) R A 53045 T3 1, A5 B3 A . 3 BT 5 1038 8) D iR 158 R BA S X 2k
IR A FROT TR DA SRR ARTE AR IR 25 SR 32 B, AR SCTE I Al ) S5 30 R 8L D e HA B (A
Z, 54 RITHE i - 45R 2250 5 /N T 11.8%. 17.4%.

(3) % TR shhfili 2o = ZREN X RN RL A 2L, AT T — A 23 3 AR 2R i S P AR T
I ELERAT A A 485 by LT SR P eI, PR P LA e 3my SR i A7 e R G R . 2
G B AN A AR SRS, AT AR Dy AU HNAAR 3 Jima R, 445 T 2 A2
WA BRICE) 15 R R T iV R T s, WA Dy 233X, 5 H A5 20 i Al i 7 PR 6.0 o
PHIZ A R IR = T AR ES A0 R HIRCR .

& £ X #:

[1] Bureau Veritas. Rules for the Classification of Steel Ships[S]. 2009.

[2] Det Norske Veritas. Rules for Classification of Ships[S]. 2004.

[3] Datta N, Siddiqui M A. Dynamic response of axially loaded plates with intermediate fixities to transient hydrodynamic
impact loads [C]//In Proceedings of the ASME 32nd International Conference on Ocean, Offshore and Arctic Engineering,
2013.

[4] Datta N, Siddiqui M A. Hydroelastic analysis of axially loaded Timoshenko beams with intermediate end fixities under
hydrodynamic slamming loads[J]. Ocean Engineering, 2016, 127: 124—134.



146 WEAR 127 5530 555 111

[5] Friba L. Vibration of solids and structures under moving loads[M]. New York: Thomas Telford, 1999.

[6] Liu Z H, Niu J C, Jia R H. Dynamic analysis of arbitrarily restrained stiffened plate under moving loads[J]. International
Journal of Mechanical Sciences, 2021, 200: 2—13.

[7] Sahoo P R, Barik M. Dynamic response of stiffened bridge decks subjected to moving loads[J]. Journal of Vibration
Engineering & Technologies, 2021, 9(8): 1984—-1999.

[8] Fayaz R, Alireza E, Ali N. Dynamic response of geometrically nonlinear, elastic rectangular plates under a moving mass
loading by inclusion of all inertial components[J]. Journal of Sound and Vibration, 2017, 394: 497-514.

(9] BEAR SR B BT i i 0 B 0 45 55k 5 A el 30 425 g i 97 F 7 [D]. a1 : BT TR 2, 2020: 104—129.
Duan L L. Research on the static equivalent of moving slamming pressure and the local structural response of the hull[D].
Wuhan: Wuhan University of Technology, 2020: 104—129. (in Chinese)

[10] 5% 7@, BBPEE, KR 2, 5. Q0BT & 0P 3 S5 200 H 08 05 1k (0], 9 TR, 2024, 46(9): 146-151.
Jing L, Ge S W, Song K W, et al. Equivalent calculation method of slamming load of floating offshore platform[J]. Ship
Engineering, 2024, 46(9): 146—151. (in Chinese)

[11] v EE AR At B o i A A OSE[S]. Ab Bt AN RASHE ) A, 2023.
China Classification Society. Classification specification for steel sea vessels[S]. Beijing: China Communications Press,
2023. (in Chinese)

[12] LR. Rules and regulations for the classification of ships[S]. London: Lloyd's Register, 2013.

[13] ABS. Rules for building and classing steel vessels[S]. New York: American Bureau of Shipping, 2018.

(14] E 4, PN 22 J5 B AR AL A 4 s SO FE (0], M, 2010, 21(3): 16-18+24.
Wang W, Sun X R. Research on vibration calculation of local plate frame[J]. Shipbuilding, 2010, 21(3): 16-18+24. (in
Chinese)


https://doi.org/10.1016/j.jsv.2017.01.033
https://doi.org/10.13788/j.cnki.cbgc.2024.09.18
https://doi.org/10.13788/j.cnki.cbgc.2024.09.18
https://doi.org/10.13788/j.cnki.cbgc.2024.09.18
https://doi.org/10.3969/j.issn.1001-9855.2010.03.004
https://doi.org/10.3969/j.issn.1001-9855.2010.03.004

	0 引　言
	1 移动砰击载荷作用下加筋板动力响应分析
	1.1 移动砰击载荷
	1.2 加筋板的动应力分析

	2 移动砰击载荷作用下加筋板动力响应的无因次分析
	2.1 筋的动荷系数DLF的无因次参数讨论
	2.2 DLF的敏感度分析

	3 DLF的无因次参数回归公式与验证
	3.1 DLF的回归公式
	3.2 DLF回归公式的检验

	4 楔形体落水试验的DLF验证试验
	4.1 落水试验的砰击载荷简化
	4.2 试验模型的砰击应力验证

	5 结　论
	参考文献

