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A Study on the Measurement of Rigidities of Stiffened
Plates by Vibration Method

Chon Wook Kim, Joon Woo Nam, Chong Jin Won and Seung Bong Han

Abstract

A new measuring technique for the rigidities of stiffened plates is presented. The equations relating the
rigidities of stiffened plates and the natural frequencies of a cantilever plate are derived and the rigidities
are determined using the measured natural frequencies of the plate.

The static deflection tests are conducted for checking the validity of this method.

For unstiffened plates the measured rigidities are good agreement with the theoretical values and the
experimental results of deflection tests. In the case of stiffened plates the measured rigidities closely matched

with the results of deflection tests.

It has been also demonstrated that this measuring technique can be utilized in determining the rigidities

of arbitrarily stiffened plates.
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Table 3 Frequency parameters A, A, Az (a/b=1)

Term A1 A2 A3

1 12. 3622 223.09 1.0

2 12. 3622 223.09 1.0

3 12. 3622 223.09 1.6043
4 12. 3622 155. 8168 1.6137
5 12. 2901 155. 8168 1.6325
6 12. 2898 155. 7351 1.6228
7 12,1483 155. 7351 1. 6228
8 12.1308 155.7351 1. 6228
9 12. 1308 155.7351 1.6228

Table 4 = v=0.333 ol EHHERS 2%, a/bs W3t

o] w2 frequency parameter 4;, A, % e} 3 )t
Table 4 Frequency parameters A;, A, for unstiffened
plates a/b
b3 ‘ 2
a/b Eq(10) (Gorman®®| Eq(12) ’Gorman”‘”
1/3 3.521 | 3.497 | 4.505 | 4.368
1/2 3.511 | 3.487 I 5.426 | 5.278
1 3.5 | 3.459 | a7 8. 356
2 3. 486 ( 3.420 | 14.651 | 14.5
3 | 3478 | 3.305 | 21000 | 20.68
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Table 5 Dimensions of specimens (mm)
‘specimens‘ a=bh ‘ h ‘ h hy ' b ‘ b, i dx I d,
I1 140 | 1.2 — — | — — \ _ _
Isotropic plate
12 " , 1.5 — — ‘ — — ‘ — ’ —
L1 wo | o6 | 10| — | 66| — |so| —
Longitudinally
. L2 j v | ee | 20| — | 66| — | o] —
Stiffened plate ‘
s | s ol 30 - | 66| — | o | —
G1 130 | 06| 0.8 \ 0.8 ‘ 40 | 40| 215 ’ 21.5
Orthogonally .
_ G2 n | 06| 15 ‘ 15 | 40 | 40 | 25 | 215
Stiffened plate
G3 ” 0.8 l 2.0 ] 20 | 40 | 40| 215 \ 21.5
Arbitrarily Al ‘ 140 0.8 h=1.5, 0=8.0
Stiffened plate A2 ; " 0.8 F=2.0, 5=8.0
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Fig. 4 Schematic diagram of experimental equipment

S
“

1st mode

Fig. 5 Vibration shape of 1st and
cantilever plate

A FZ3}o] storage oscilloscope off vpElb= =3 o
ES R

b 202 )
2nd mocde

2 nd mode of the

24y FEBAY It ASTE S

@ A3 53 44

o, 2 FollA AL ol
o :

2]
Fig. 2¢} F}l x=a, y=b/29 A F] FA PE 7
A o)

AelAz £33

D.=D}% vebiz ged, oL 3%udA 2
EEEIES

Table 7& %H[EFHAL12), ﬁﬁumsazrswm
~G9) 4 EEMBFEALADS REBERY
S5 T 1B ALY 48 HAFE o2 4
Bl gles Fig 6~Fig 9 & Z+9 533
4 4= bz ok A9 A5hE AR, A
BREE 2R oE T 4 b SHETRGRE

FEDS A%l & Bhkel o ERELER B
fEish 3%cl WSl MR & FT go HEY B
& A4 2RT MEERY AR e

235 molz g 53] AfEHRE EA%A ds
EERBTRY 3 e o HAA AAde EE
ol 4 AlERER R FAd F givh

Table 6 Comparisons of the rigidities for unstiffened

plates (kgf-mm)
] D. D, D.,
h(mm) ‘Theory |[Experi-[Theory [Experi-|Theory [Experi-
(=D) |ments | (=D) Iments |[(=vD) |ments

L2| 1149 ]| 1115[ 149 | 1118] 383 | 376

1.5] 2244] 2104 | 2204 | 2106 | 748| 731
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Table 7 Comparison of deflection (Load P=1kgf)

Deflection W(mm) Diffenence

Specmen| Theory(A) Expe(rg;lents < AZB X 100%)
11 6.128 612 | 0.13
12 3.22 3.14 2.48
L1 ‘ 8.672 8.93 —2.98
L2 I 2. 430 ‘ 2.55 —4.94
Ls | 1ot | 103 —0.39
G1 9.794 9.5 —1.69
G2 2.929 2,94 —0.38
G3 1. 669 1.70 ~1.38
Al 253 | 2.5 —0.04
A2 2552 | 2.495 3.64
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