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Scaling criterion of ultimate strength similarity
of axial compression stiffened plate
based on finite similarity method

KONG Xiang—shao', XU Chong—«xi", WANG Zhuo", ZHOU Hu", ZHENG Cheng*, WU Wei—guo"
(a. Green & Smart River—Sea—Going Ship, Cruise and Yacht Research Center; b. School of Naval Architecture,
Ocean and Energy Power Engineering, Wuhan University of Technology, Wuhan 430063, China)

Abstract: The directional dimensional analysis method is commonly used in the design of similar scale-
down models of hull structures. However, the traditional dimensional analysis method based on elastic theory
cannot reflect the nonlinear response process of a structure, which limits its application in the scale down
model test of hull structures. In this paper, based on the finite similarity method, the scale—down factors of
the geometric dimension, material density and time of a structure were obtained by matching the transport
equations in the physical space and the trial space. The nonlinear similarity relationship between the scaled
down model of the stiffened plate structure and the prototype was derived, and the influence of the material
parameters on the nonlinear similarity process was analyzed. By calculating the ultimate strength of the stiff-
ened plates subjected to plain compression, the effectiveness of the scaling criterion based on the finite simi-

larity method was verified. The result shows that the present method can well reflect the nonlinear character-
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istics of materials, and achieve a good prediction on the ultimate strength of the original model through the re
sults of the scale down model.
Key words: transport equation; experimental design model; axial compression; finite similarity method;
ultimate load
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Fig.3 Flow chart of design method of the reduction model of the axial compression stiffened plate during the test
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Tab.1 Scale factors

B o h o ot
Q235-Q235 2 0.125 2 0.125 0.063
Q235-Q345 2 0.125 2.423 0.151 0.063
Q235-Q460 2 0.125 2.798 0.175 0.063
Q235-Al 2 0.043 3.832 0.082 0.021

®2 AR IR IHER S G R A JLA S8 (6L mm)

Tab.2 Geometric parameters of stiffened panel test model and scale model (Unit: mm)

a b t h, t,
IR BRI 1-4 300 200 2 30 1.5
HE AR 1-4 300 200 2 30 1.5

3 MEHRIIE SRS W HIER B AR R

Tab.3 Material properties of stiffened panel test models and scale models

p/(kg-m™) E/Pa v o,/Pa o,/E
RIS BT 1(Q235) 7850 2.06E11 0.3 2.35E8 1.14E-3
RIS T 2(Q345) 7850 2.06E11 0.3 3.45E8 1.68E-3
RIS T 3(Q460) 7850 2.06E11 0.3 4.60E8 2.23E-3
I 4(AD) 2690 7.24E10 0.33 2.95E8 4.07E-3
Fe AR 1(Q235) 7850 2.06E11 0.3 2.35E8 1.14E-3
Fe AR 2(Q345) 7850 3.02E11 0.3 3.45E8 1.14E-3
Fe AR AL 3(Q460) 7850 4.03E11 0.3 4.60E8 1.14E-3
LL BT 4 (AL 2690 2.58E11 0.33 2.95E8 1.14E-3
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Fig.5 Schematic diagram of original model of the stiffened plate
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Tab.4 Boundary conditions of stiffened plate model under axial compression

U, U, U, R, R, R,

A-A free free 0 0 0 0

B-B’ 0 0 0 0 0 0
c-c’ free free 0 free free free
D-D’ free free 0 free free free

A-B free free 0 free 0 0

A’-B’ free free 0 free 0 0
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Fig.6 Failure modes and stress states of test models and scale models of stiffened plates with different materials
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Tab.5 Comparison of ultimate loads between test model and scale model of
stiffened plates with different materials

F . L Error u, u, Error
JEARTR 1((235) — 630.81 — — 1.89 —

e A 1(0235) 157.60 630.40 0.06% 0.93 1.86 1.56%
FL IR 1(Q235) 157.60 630.40 0.06% 1.41 1.86 1.56%
GG IR 2(Q345) 205.13 558.91 11.40% 1.87 2.83 49.93%

HL I 2(Q345) 231.34 630.32 0.08% 3.10 1.88 0.17%
RGBT 3(Q460) 250.82 512.53 18.75% 0.93 3.73 97.88%

LA R 3(Q460) 308.42 630.25 0.09% 0.94 1.90 0.65%
RIS BT 4 (AL 131.60 419.39 33.52% 0.95 6.20 228.95%

LR 4 (AL 199.22 634.86 0.64% 0.89 1.77 6.08%
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P AR P it B 4 L o DU T a8 1 S AR T A 76 P A IR 8 iy L R A B EL AT Al ) FARONG
3.2.3 - g 2

PRI A 95 1A 1A 55 b A5 76 LA A () ) e 4, R bt 3 o 288 A — 57 8 1l 8 A % B 43 A A il X
BT 55 LS R A 27 2 TR o B b AR DI . 45 S GRS I AT M S 06 152 AR 78 5 b 1) A 72
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(a) Q235 (h) Q345 (¢) Q460 (d) Al
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Fig.7 Comparison of load-displacement curves between the scale model and the corresponding experimental model
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F6 JLMSH(HAAI:mm)

Tab.6 Geometric parameters (Unit: mm)

a b t h, t,
JEART 1 600 400 4 60 3
S IR AR T 1-4 600 400 4 60

x7T HHBEMS
Tab.7 Material properties

p/(kg-m™) E/Pa v o,/Pa o,k
JEREL 1(Q235) 7850 2.06E11 0.3 2.35E8 1.14E-3
SR g RET 1(Q235) 7850 2.06E11 0.3 2.35E8 1.14E-3
SR ER T 2(Q345) 7850 1.40E11 0.3 2.35E8 1.68E-3
SIS AR T 3(Q460) 7850 1.05E11 0.3 2.35E8 2.24E-3
SRR 4 (AL) 7850 5.77E10 0.3 2.35E8 4.07E-3

3.3.1 JE i R ER
PR 8 S WL 1 T A A S AR 76 5 2R A1) Iz i) e A 76 ) 2 S 5 R 7 744

(a) JEURERY 1 (b) Szl i B A 1 (¢) KSR 2

(d) F i s peny 3 (e) JIajik il 4
P8 A A S 2 45 i A 2R ) A S X R N A
Fig.8 Failure modes and stress states of original model and the reverse test model of the stiffened plate
A F LU PR 8 rh U R 5 28 5 iz 1] a0 A L ) SR RO, AT DL DAY A A ] ) Sz 1) 1 A
T 15 IR A RO R A B0 B AR R , oAb B 1) 1B A R oy T 5 IS TR B AY o /B R ZE R
DR RR AL RE A5 25
3.3.2 M PR Aoy
TS AR AR IR LA K 28 8] s ] 4 o 8 ) Al R 28 1y 2n 3 8 i
=8 MEANFEEEE K EiX B R R Xt

Tab.8 Comparison of ultimate loads between original model of stiffened plate and reverse test model

F . Fn Error u, U, Error
JERET 1(()235) — 630.81 — — 1.89 —
SR G (235) — 630.81 0.00% — 1.89 0%
SRR R (Q345) — 557.94 11.55% — 278 47.38%
SRR R (Q460) — 511.86 18.86% — 3.72 97.24%
SR GG AT 4 (AL — 421.20 33.23% — 6.62 251.41%

M T AN 8 A AE AR HE TR - (1) SR A5 BB R 1 AR [ AR A A 1, B 3k 4%
20 S 1 A 1 5 [N 1 AR R AT — 25 (2) B i) i B A 8 fry Al FR 2 o S5 i X (15) B g 4
SR AR Y 10 FR AT P AT 5 (3) S 1] Aol SR S 70 55 o 7 ) i3S 7R B A L 14 2 A



1240 TIPS

o528 5 8 1Y)

o LIRERUEN, 7 R G Bk, 56T BRI 3k b Jon 957 At PR o J38 4 LU Ui i 93K

IO IR T AR AR X TR AR ) A BIR AR 2 R 0 EL A B i TUARORG T2
3.3.3 - Hh 2k
m&m%&ﬂﬁﬁmﬁ%%mmmmﬁﬁ{@ﬁ%mwwﬁﬁo

S5 1 T AN 9 AT LA Y, A AL ) =X (10) b e o

e RENASEUE, Q235
oo W4HM2, Q345 (Error=11.55%)
== RITARHENS, Q460 (Error=18.86%)
=== RIA%HEE4, Al (Eror=33.23%)
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T 00 [ LA 200 (158 2 K BRI , DA 3 A PR e
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(O FAR 257 E AR T 2, T L [ 0 308 o 0 U -
150 0 X 03 R ) 245 5 50 0 2045 5 Ji

e A58 50 ) 55 W 0 0 5 DB I 1 e 2 4
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Displacement (mm)

R AT B, AT LK) 49 1) B ) i 2R 5 IO g o Jegony 55 2 0 L A 00 ) A — 37 B B 2 X 1L
Y B 25 Fa 0 N, BT EE IR T ST FRAR L T v 1 Fig.9 Comparison of load—displacement curves between the

2 T 393 B IR e o 4 b v D ) 4 BV
34F%Fﬁ%ﬁ&ﬁ;ﬁM%ﬁﬁMuwm%m

original model and the reverse test scale model

5 FIZE 8 ] LUA Y, Al B B TR RLA R o B 5 IR RURT R o, /E AREZ T I, 8
A A R AL 772 F) B o A S0 R i 32 0 o DU s it By A9 M e B A 2R 5 i R AT ST B

AR, I B 3 (15) T ) IR i BR 48 i -5 SRR i EL A AR e ) AL 45

1 TR 3 MR 7 P AR Q235 IR iR 1 AR IE Q235 NIt P MBS KLY o, /E
HASE . BIE FRESIE, 275 SCHCR ] — 20 o, /E AR B AN [RIRERHER 57 9 SRR 2 R i BT AL 5
6,38 K 3 LU N 5~ JUIT SRR & 6, w4 b 1k LA e PR 50 i DL e 9 LA K3k 10,

ETR T
Tab.9 Material properties

[21-23]

p/(kg-m™) E/Pa v o,/Pa ok
JRRERI (45 5) 7800 2.00E11 0.3 5.07E8 2.53E-3
RIGBETHAHE Y S(AL-6XN #Y) 7850 1.61E11 0.35 4.00E8 2.48E-3
TR 6(FC200 JRAEHR) 7040 1.00E11 0.26 2.50E8 2.50E-3

F 10 ERILL G FEF
Tab.10 Model scale factors

B o’ h ot ot
JEARTR 2 G 1R TR 5 2 0.126 1.771 0.111 0.063
JEARTR 26 1 TR Y 6 2 0.113 1.478 0.083 0.056

3.4.1 Jm i R
P10 S B 1 i AR S 78 2 55 a0 i T A 5 A8 SR 5o =X Ry RS .

(a) JEUREARY 2 (b) IRE B 5 (o) IREBIHRL 6
FL10 fnffiti A 2 2 5B AR Y 5.6 4 S8R b B TR 2

Fig.10 Failure mode and stress state of original Model 2 and experimental Models 5 and 6 of stiffened plate
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T 0T G BT 10 HP R A 2 e SR 5 6 B R R, T AL 2 g RS AL 5 6 1Y
SR HAT R R AR ARMAE , S0 1 B T FRR B 75 5 140 Sl R A 7 e IR s 2 4 o U ) ] S
3.4.2 W R #T

AR EAE Y 2 LA RIS Y 5 6 AU FRET a2 11 Bz .

F11 MEREER 2 5% I EE 5 6 tRER XTIt
Tab.11 Ultimate load comparison between the original Model 2 of the stiffened plate
and the experimental Models 5 and 6

Fon F oo Error i, u, Error
JEAR AL 2(45 %K) — 1059.13 — — 4.13 —
RIS PR 5(AL-6XN 44) 214.85 1089.29 2.85% 2.08 416  0.85%

IR R 6(FC200 JKE58K) 129.44 1050.00 0.86% 2.02 4.05 1.95%

e 9 AR 11 P AYZERXS LU RT A : (1) AR B TR R o /B -5 JFUR R,
A A B 1 A 5 X JARE T A3 R 2 Ay A 8% B A 85 s A TS 2, O LU i TR B A e 5 U AR
MEH o, [E BT, TR B8 R 5 (2) 2t X (15)~(16) HE A5 2 1 FRA A 2 F% -5 JrASE Y i A R
BT RS EE RSB o LIRS RO A B SO AR Y o, JE 5 R R I, BT
A FRRFARA 595 B4y o s A R IR 5 J58 45 L oA DU 38 31 18 3 T80 A J A 15 Py Al PR R 2 O BLA ¢
Uy B TIRAR

343 %ﬁéﬂ ﬁﬁ_1i$§ Hﬂéjé = —— JiRiR2, 4580
T AR SO 2 5 B e T S 6 A — RS A T e

HHZE A8 TR — 49, PR 3 2o I e 0 AR i 3 for — (52 B8 1l 2%
X LA, TN AR AR 7Y 2 56 5 AR 5 .6 B TG 4R
- B - AN 11 BT .

NI 11 RT LA Y RO 2 [a) i 00 S AR A 5 . 6 2

(] G 2 2 23y — 0 A% i 2 i 22 e/, OF HEe 3 s Al 0 . :

S HY R~ GRS IR B HEUR 6 5592 BN TE T | 2 ot 3 S o1
IR BT R AR U B AT RL Y o /B BT, TINORG 32 T AR - R

Ry TR) B BH T 356 1A BIRAF AL 732 100 Bl e o 577 4 PR 5 Fig.11 Dimensionless load—displacement curves of
JEE AR S LU v D) A T original Model 2 and experimental Models 5

and 6 of stiffened plate
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