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Ultimate Strength of Plate Structure with Initial Imperfectiohs
Subjected to Compression (part 2)

Perforated Plate
by

Shoji KAWAKADO, Nobuyoshi FUKUCHI
(Department of Structual Engineering)

and Yoshitaka MINAMI
(Japan Steel Tower Co. Ltd)

For weight saving, access and piping, many holes are made on plate structure such as a ship hull
and a steel girder bridge. In addition to the existence of hole, the ultimate strength of plate is
decreased by initial imperfections caused by the application of welding and gas cutting to fabricate
it. And the collapsed failure of such a structure has not ceased to exist.

In this report, the numerical analyses of perforated plates with initial deflection subjected to
in-plane compression are carried by mentioned means in first report”. The deforming behavier,
extension of yielding region, collapsed load and collapsed mode on the plate with a hole are
investigated.

By the results of those analyses, the relations between ultimate strength and mode or value of

initial deflection or hole diameter are clarified. Furthermore, the empirical formula on the ultimate

strength of perforated plate with initial deflection are introduced for practical use.
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mechanical properties of material

Youngs modulus 2.09 x 104(kg_/mm2)
Poisson’s ratio 029

tangent modulus 100.0 (kg/mmz)
yielding stress 313 )
breaking stress 451 ( « )

Fig.1 Detail of specimens.
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Fig.2 Measured values of initial deflection.
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model (100¢) model (2006)

code | Py | Wo | Wn [lcode| Py | Wo | Wa

A- 1]30.60 | 0.46] O.44[[B- 1 [29.10 ] 0.25] 0.14
A-2 (31,10 ] 0.58| 0.4 || B- 2 [28.70 | 0.26| 0.18
A- 329,40 | -0.74 | -0.58 || B- 3 |30.90 | 0.3u| 0.28
A- 4 |30.45 | 0.75| 0.68 || B- 4 [32.40 [-0.35| 0.05
A- 527,05 [-0.80 | -0.63 || B- 5 [27.30 |-0.37 | 0.06
A- 631,80 | 1.03| 0.94||B- 6 [25.80 | 0.38] 0.19
A- 726,95 ] 1.21| 1.07 ) B- 7 |28.20 | 0.41| 0.18
A- 8 |31.10 | 1.29| 0.90||B- 8 [28.00 | 0.55| 0.40
A- 9 |31.65 |-1.41 | -1.22 || B- 9 |27.90 |-0.81 | -0.62
A-10 |35.15 |-1.69 | -1.35 || B-10 | 24,90 (-1.43 | -1.20

remarks;
Py : ultimate strength (ton)
Wo : the maximum values of initial deflection (mm)
Wy : the average values of initial deflection about hole (mm)

Table 1 Experimental results of ultimate
strength.
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Fig.3 Calculated models of perforated plate.
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Fig.4 Load-deflection curves of model
without hole.
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Fig.5 Load-deflection curves of model 100¢.
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Fig.8 Extension of yielding region on model
100¢ according to load.
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Fig.7  Contour curves of deflection at collapse.
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Fig.9 Extension of yielding region on model
200¢ according to load.
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Fig.10 Relation between ultimate strength
and initial deflection.
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Fig. 11 Relation between uitimate strength and
hole diameter.
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Fig. 12 Load-lateral deflection curves of

model 100¢ in the case of a=oo.
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Fig.13 Load-lateral deflection curves of

model 200¢ in the case of a=oo.
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Fig.14 Load-lateral

deflection curves of
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Fig.20 Extension of yielding region on model
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Fig.21 Extension of yielding region on model
2004 in the case of wo/t=0.4.

Table 2 IZFHETRD Tz, FIHAi-b AW & RIKE
EroBEfERT. Jh& D, €7 1004 & mode A
DBREOEE LY b mode B DR D& 5 1.5ton
BIREENEL LD, E5IZET NV 2004 TidHIZ 1.5
ton K< 82 L WIHERERS. TNITET L1006 T
BN E WD FIRSEOERBER I, %7
2009 TIRAFLEZBRWICERO SR IVDERER I, %
NZNOBRERITE O » E I DIk 5,

model (100¢) model (200¢)

Wo |[a | Py |mode Wo ja | Py |mode
(mm) (ton) (mm) (ton)

0.1t | 0 {31.5 A 0.1t | 0 |30.5 A
0.1t | » | 32.0 A 0.1t |~ 130.5 A
0.2t [ 0 |30.5 A 0.2t |0 [30.0 A
0.2t | ® |32.0 B 0.2t |® [29.0 B
0.4t [ 0 |30.5 A 0.4t |0 [29.5 A
0.4t [ 1 |31.0 A 0.4t |1 129.5 A
0.4t | 2 |32.0 B 0.4t |2 |28.5 B
0.4t |4 |32.0 B 0.4t |4 |28.5 B
0.4t [ = |32.0 B 0.4t | {28.0 B

Table 2 Relation between ultimate strength
and mode or value of initial deflection.
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(< 2) ik, ERER)%E Y TETROBKERE
ERDBIENTED, £, FOLZOHEBETRI
sine 1 ik 5.

PRz b AR E L (wo/t>0.2) 7L TEZ DT
FIEAANC sine 2 P IEVWBE (¢ 22) i3
BWIEE A sine2 BB LR B, £ 70K
B IRQADME LD b, HFLESNEW(DB=0.2)
BEXEE< R, HAEPKE S ENFEL 25,

& 2AT, HAMMIEERBEZEY (JSQS) T
&, FREEIC B A BRYEROTERIMET S L
REDO.2~0.3MERE L k> TBY, HEENOTH
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FEHEzZULIEHABROBRKEE 25 2 5 von
kdrman, FHSYOEBRAZKRO LI ckbahs,

oy _ 1901
Oy £

0w _ 133857+ 4.3805 +2.647
LS T T 6.1300 +0.720

—0.2716 —0.088 (5)
-eye o Py b [ov _ lwo
bl o O'u—b't,f—t » 0=
oy \ZRERIGTT
Eidvy /o=
NS DORERANT, FifilbADORVIEFEHROR

von karmén (4)

BisEEROHET 3 L,

von kdrman ¢,=13.6 ( kg/mm?)

EHS 0.=13.5 ( 7 )

@b 0u=155( 2 )
b, AWEOELREIC X 2 EfERMOROE
EDLEL BoTwA, DI L ZAWIROEIEREN
KBO TR AFEAZRESE TR I L ERT
BV, Lienso T, BRLEAMHROBRKEE KD 2R
LLT, Y bAB L UHIEORERE 2 2THIT
QROIEHBEHEE % AV, EATRORKHBEDOHS
iz von karman DR EF 1B Z L2k D, ROBEN
EFEons,

ﬂ:_l_sﬁ —0.0895~0.21¢
oy £ e (6)

2z S=|wl/t, e=D/b

72l 6510, 907
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