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Abstract:  Steel plates have been widely adopted in building structures and marine engineering. The steel plates with opening are
always needed due to the using function or corrosion caused by surrounding environment. The opening can reduce the
effective shear area and then decrease the shear capacity. The influence of rectangular and circle opening on the shear
capacity of steel plates is investigated in the presented work. The influence of opening position and opening ratio were
studied through experiment. The experimental results indicate that the opening position has obvious influence on the
shear capacity and the decrease of shear capacity cannot be simply estimated by the opening ratio. Then, a numerical
model was developed and validated by the experimental and theoretical results. A parametric analysis was performed
to reveal the influence of opening position on shear strength of steel plates. A reduction factor was proposed to

consider the influence of opening and a formula for reduction factor was proposed. The accuracy of the formula was
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validated through comparison of results. The work presented in this study can provide a foundation for the estimation

of shear strength of steel plates.
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Fig. 1 Cases of steel plates with openings
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Fig.2 Numerical model of steel plates with opening

a) BRI



5 6391

SR ¥R I FLOGF A A 7 5 7R 28 RE 7 82 R F 37

2 ETEHERITENHEZRRBEIE
D I R N W T S U 2= A I DS B B 7 e
AT E) . 45T VR 04 B AR, 7E 35 B 55 D) 3R
F/N'3 Z W FE A S S A I O SR DAY £ 59 57 1 A 1
FEBIRE ) T, 0 ) AT AR R (1) TS B
:7}%“215‘ X(m)zéry— Jy
12(1—92°) \L NE)
%o SRR BOTAAS B U 0.3 E R PR & 5 7 SRy Y 1)
SRBE s, B ARSEBE 5 L R MR T BE 5 f, R A A T IR e
X AR SCY IE T3 1 DY 1 17 S AR T it AR R A Y O
S09.350 . H I A 2k R i T X R () B 7 £ g 5 s
X (2) AR,

(1)

Ter

F.=rt.Lt, (2)

B AR5 L FE 407 B8 B2 i — 20 R AR Y

LB AR T, RT3 B 3 R 3 Y B2 i ] e X (3)
HEAH

Vy:%fyl,tw sin (2a) (3)

Ko R R f AT a2 (4) AT AR S

B 44.4°,
tyL

1+
2A.,

(4)

tan‘a =

1 K
L+t h|—+ ———
t (AI,+ 3601@)

A AR A 73 531 S 8 Az L 08 22 A0 T 0 A ) A T v
AR SR R A8 O A R ) AR AT TR AR T S o 2 A AT AR
J 3 h oA AR B R

K I 9 15 55 57 3 3 R0 BT R 4 B9 BTERAR i R
[DEEE - D Y DRI R T UL R D /N
C5) o Y HIMR IR R 5tk B2 A5 31 58 7 S 3 I CBILAS e A %
), Hebt sy R 3800wyt 3 A 50 (6)

F,=F.,+ Vy<f—ysz (5)
F,= Jy Lt, (6)
V3

SR TG A S A ST SC(E AR AR I 4K B BT B R 2K
IO G E VR e iR W R E SRR (B oF/N - WA N 2
Xt i RIS AR R % 08T JE R B £ 095
T A 25 TR B/, 0 5 00, e BEAT M THRL R K 9
oA ) A g A R T T Sy IR REL SO 1 XTSRS AR, L D) 2k
B 0o ¥ A9 64 (0 i AR 38 B 43 9 15 /2 o 345 MPa il
690 MPa., 7EE(E 15, SR JH — SO 25 B [ 125 %8 49 A
it N A0 B BB AT IR S R B R G T BT 2 # ) Y R
M), K fk B i AE 50 01 35 A /2 500 F h/ 250

B AR 2 R 5 TR 5 45 ST L A R 3 TR .
P 3a) T 7% A B B JEE BB R 0.1~0.9 mim i 19 b e 5 1 L e
XF I BT - B th 2k o DA RT DU Y Sk B AR 08
PEAKY UIZAT 5l O B ARRE , L fo] Sk 5 s 5 X6 Bt B9 7 28
IR %458 5 SCRR 9] B IT B — 3. BT 3b) Al
A IE I AR E R L 1 mm U5, A5 BT E
ZERUB A 6) TR . BB WA R Fan IR
7SRy R RE IR o A 5 IR A B A R A AE R S A
2O5) M58 45 2 e B — B0, 76 98 B W OR B, BU(E S 0L 45
H5ARO) Mg Rom 3 HUILEIE 7% FRIoH
R0 59 A 40 B9 AR AR T i T SR

100 =omm . ypnseo T emtBUEsHL 1400 T gy W S b
80 G Lmm —— ¢=h250 Z 80 | =0 21200 =3t(5)
P I::M ~ & 5\ (6) 21000  Emil(6)
= = 60 R 800
= o E I
= 40 % 40 £ 600
20 = 2o B 400T
- S 200+
I 1 I ) % 0 p=s /e
0 10 20 30 40 4 06 O . 2 4 p
fi#% / mm BORRJEEE / mm HIARGERE / mm
a) BRI Lk b) =0.1 mm~0.9 mm ¢) =1 mm~6 mm
3 JBIRE NI L (f,=345 MPa)

Fig.3 Comparison of shear capacity based on different methods (f,=345 MPa)
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Table 1 Information of specimens
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Fig. 6 Stress-strain curves of steel
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Fig. 7 Comparison of shear force-displacement curves with different methods
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Fig. 9 Schematic diagram of steel plate coordinate system
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