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Stability Analysis of Stiffened Thin Plates
Using Energy Method

2 2 ¥ -9 oy g
By KIM, Moon Young, and MIN, Byoung Cheol

ABSTRACT : For stabiiity analysis of stifened rectangular thin plates with various
boundary conditions, Ritz method is presented. An energy method is especially
useful in those cases where a rigorous solution of the diferential eqution is
unknown or where we have a plate reinforced by stiffeners and it is required to
find only an approximate value of the critical load. The strain energy due to the
plate bending and the work done by the in-plane forces are taken into account in
order to apply the principle of the minimum potential energy. The buckling mode
shapes of flexural beams with various boundary conditions are derived, and shape
functions consistent with the given boundary conditions in the two orthogonal
directions are chosen from those displacement functions of beams. The matrix
equations for stability of stiffened rectangular thin plates are determined from
the stationary condition of the total potential energy. Numerical example for
stability behaviors of horizontally and vertically stiffened plates subjected to
uniform compression, bending and shear loadings are presented and the obtained
results are compared with other researchers’ results, '
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mode kil mode kil
1 4.4934094579091 6 20.371302959288
2 7.7252518369377 7 23.519452498689
3 10.904121659429 8 26.666054258813
4 14.066193912813 9 29.811598790893
5 17.220755271931 10 32.956389039822
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loaded edges
are clamped
This study Ref [5] This study
clamped-clamped | 7.447 (m=7, n=5) 6.97 6.973 (m=7, n=5)
clamped-pinned | 5.761 (m=6, n=5) 5.42 5.410 (m=6, n=5)
pinned-pinned | 4.303 (m=5, n=5) 40 4.000 (m=5, n=5)
(
(

unloaded ed loaded edges are pinned

clamped-free |1.287 (m=4, n=5) | 1277 [1.2863 (m=3, n=5)
pinned-free | 0.459 (m=1, n=5)| 0425 |0.4255 (m=1, n=5)
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B 3 2ZAE y=b/2 X0l Vi £ 2L AP HIHF k

a/b y=5 y=10 y=15 y=20
l [ 0.05 0.1 0.2 0.05 0.1 0.2 | 0.05 0.1 0.2 0.05 0.1 0.2
0.6 Timoshenko 16.5 165 | 165 | 165 | 165 | 16.5 | 165 | 165 | 165 | 165 | 16.5 | 16.5
) this study 16.54 | 16.54 | 16.54 | 16.54 | 16.54 | 16.54 | 16.54 | 16.54 | 16.54 | 16.54 | 16.54 | 16.54
10 Timoshenko 12.0 1.1 | 972 [ 160 | 160 | 158 | 160 | 160 | 160 | 160 | 160 | 160
’ this study 12.00 | 11.14 | 9,723 | 16.0 | 16.0 | 15.78 | 16.0 | 16.0 | 16.0 | 16.0 | 16.0 | 16.0
14 Timoshenko 8.62 | 7.91 6.82 | 129 | 120 | 10.3 | 16.1 157 | 136 | 16.1 16.1 16.1
’ this study 8.608 | 7.917 | 6.814 | 12.92 | 11.93 | 10.33 | 16.08 | 15.77 | 13.73 | 16.08 | 16.08 | 16.08
18 Timoshenko 784 | 7.19 | 6.16 | 106 | 970 | 835 | 13.2 | 122 | 10.5 | 159 | 14.7 12.6
) this study 7.833 | 7.188 | 6.167 | 10.57 | 9.714 | 8.352 | 13.25 | 12.20 | 10.51 | 15.89 | 14.64 | 12.64
99 Thimoshenko | 8.23 | 7.58 | 650 | 10.2 | 9.30 | 7.99 | 120 | 11.0 | 9.45 | 139 | 127 10.9
. this study 8.281 | 7.593 | 6.509 | 10.14 | 9.305 | 7.983 | 11.99 | 11.00 | 9.450 | 13.81 | 12.69 | 10.91
26 Timoshenko 927 | 850 | 7.28 | 10.8 | 9.86 | 848 | 12.1 11.1 | 953 | 13.5 | 124 | 10.6
" this study 9.121 | 8.400 | 7.242 | 10.78 | 9.887 | 8.476 | 12,12 | 11.11 | 9.532 | 13.44 | 12.34 | 10.59
Timoshenko 8.31 7.62°| 653 | 12.0 | 11.1 | 9.52 | 13.1 12.0 | 10.3 | 14.1 13.0 | 11.1
3.0 this study 8.247 | 7.579 | 6.516 | 12.08 | 11.11 | 9.521 | 13.13 | 12.04 | 10.32 | 14.13 | 12.96 | 11.11
36 Timoshenko 8.01 738 | 632 | 11.4 | 105 | 9.05 | 139 | 127 | 109 | 148 | 135 | 11.6
) this study 8.012 | 7.358 | 6.320 | 11.42 | 10.51 | 9.060 | 13.88 | 12.72 | 10.90 | 14.76 | 13.54 | 11.60
40 Timoshenko 7.96 | 7.29 | 6.24 10.2 | 935 | 8.03 | 124 | 114 9.8 14.6 | 13.4 | 11.6
) this study 7.947 | 7.289 | 6.250 | 10.18 | 9.351 | 8.029 | 12.39 | 11.39 | 9.798 | 14.58 | 13.41 | 11.55
H 4 SLNE y=b/32 y=2b/3 YXI0l| 274 X 2A3 R HIAIT K
a/b y=10/3 y=5 y=20/3 y=10
[ 0.05 0.1 0.05 0.1 0.05 0.1 0.05 0.1
0.6 Timoshenko 26.8 24.1 36.4 .33'2 36.4 36.4 36.4 36.4
) this study 26.84 24.14 36.40 33.21 36.40 36.40 36.40 36.40
0.8 Timoshenko 16.9 15.0 23.3 20.7 29.4 26.3 37.2 37.1
) this study 16.91 15.04 23.26 20.75 29.43 26.34 37.21 37.11
L0 Thimoshenko 12.1 10.7 16.3 14.5 20.5 18.2 28.7 25.6
) this study 12.09 10.72 16.32 14.49 20.50 18.22 28.71 25.58
12 Thmoshenko 9.61 8.51 12.6 11.2 15.5 13.8 21.4 19.0
) this study 9.606 8.507 12.59 11.53 15.55 13.79 21.42 19.02
Timoshenko 8.32 7.36 10.5 9.32 12.7 11.3 17.2 15.2
1.4 this study 8.314 7.358 10.52 9.311 12.71 11.26 17.09 15.14
16 Timoshenko 7.70 6.81 9.40 8.31 11.1 9.82 14.5 12.8
) this study 7.698 6.811 9.390 8.310 11.08 9.807 14.45 12.79
18 Timoshenko 7.51 6.64 8.85 7.83 10.2 9.02 12.9 11.4
: this study 7.507 6.642 8.846 7.828 10.18 9.012 12.85 11,38
20 Timoshenko 7.61 6.73 8.70 7.69 9.78 8.65 11.9 10.6
: this study 7.608 6.731 8.694 7.692 9.778 8.652 11.95 10.57
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(a) One ribs (b) Two ribs (c) Three ribs
(m=3, n=1) (m=4, n=1) (m=5, n=1)
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AT BAE el Aotk AL 43
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N,=N,(1~-4L) (28)

T 38 ¥e oY iR AAzAN gE o
e AN e Y 2, A=2ATY 5L
aeiste] y o o /e A g4E A
&stojok &g 2F3tF Aol M5y 2 A
Tl e n=6& AH&3TE E3 1y o2 RE
Ztzke] Az BE HAHFAF K& 7
g 3oy gFol FestA e W) Az
Z0] BAAA-AFER] B, a/b=5 o3}
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3 A3 714 (a/b=100) 3t H=ZAFE 23
stich & 69 VR vhel o] oA L o] &
g urare) HasA AAr 2Al3] 2 92%
& ¢ F Aok

¥ 5 o2 HzbE utEo| X4 #H A rmin

a/b 0.5 0.6 0.7 0.8 0.9 1.0 1.2 V2
One ribs Timoshenko 12.8 7.25 4.42 2.82 1.84 1.19 0.435 0
this study 12.64 7.185 4.388 2.800 1.824 1.187 0.4335 0
Two ribs Timoshenko 65.5 37.8 23.7 15.8 11.0 7.94 4.43 2.53
this study 64.78 37.42 23.48 15.64 10.90 7.855 4.385 2.504
. Timoshenko 177 102 64.4 43.1 30.2 21.9 12.6 7.44
Three ribs -
this study 174.9 101.2 63.64 42,57 29.83 21.69 12.43 7.467
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unloaded edges loaded edges are pinned

Ref (6] This study
clamped-clamped 39.2 39.572 (m=4, n=6)
clamped-pinned . 23.942 (m=4, n=6)

pinned-pinned 23.92 23.881 (m=4, n=6)
clamped-free . 2.1456 (m==6, n="6)
pinned-free 0.8510 (m=2, n=6)
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9] F7tol niE HIFHNAY AAE Jebd ol
A dAe v 25 deAA, U =5 13
A A 28 xF(x=0, x=a)dl I FAZxA

all edges are pinned

i T 1 T T T N T
0.0 0.5 1.0 15 20 25 3.0
a/b

18 7. Mok deE B2E T uh

¥ 7. HohE Y she] JEAITK
loaded edges are pinned
Ref. [2] This study
all clamped dege 8.9 9.194 (a/b=5.0, m=n=8)
all pinned edge 535 15.400(a /5b=10.0, m=10, n=8)
x direction : pinned edges
y direction : clamped edges

boundary condition

8.99 | 9.209 (a/b=5.45, m=m=8)
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< gEARolR yEE(y=0, y=b)ol s =
TFAAR] 37kR] Aol st FZ3F5E AHA
3t Aol o3 A2 x ¢ y2ol &l o
AL A Forz EJRS FHFYPE FIEY
F IAEE P didt 24zt m=8, n=89] &
FRE NFE At ol 3 s4o] 7153t
o E£3 AGsEE Be AS, AAxHe] 1F
A ¢} o] AZFXE 7} cosine 42 FAHA
21(6)2] Al HA gl A HnjE ol HE gho] Fol
HEZ FIHHL BrledA € oA A
35S B IAARE v AL &
A4l AAF AFHEFREE o] §3HTE B
7& Ztzhe] AAZH & AALRZATF Ky
AR ole HLE o] F3Yu|9} gl o
B A2REE A JEhit Eo Yehd
o} o] U AYE o] &3 ute] Ho] HZ A
Az (2] vl A F S & F Atk
532 A4S e B d 73 vy

120

! a
el
T = X
90 — b/2
b L
| E——
vl b
x 60 —
all edges are pinned
30 — sti!faned
° T T T
0.0 0.4 08 1.2 1.6

O 82 AYE we BAE 7Y v F3
Hlo] we HRIZATE dehiz Uk v 3
AZAL vERT deAReln B3] g
ste Y gle Aoz e B4
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o WAl T 27 BE FYE FAE A
$ol T gahe HEAFRAD v e AL
o] A vl Latod AA AT

6.8 £

€ 47 E dEFHA vz ¥ Ritzy
& AHEE R3E 2o kR4 g a3t
Aot dFE FAzA dgshe v 2R
g #5238t o] A A3t )8kt A
21 TN Y A F4E 7MY
o ol o3 FE Feol e Id 2k o)
3 g 1Y AU FAHE FEDA
Uz 4& FE3 3, Ritz el ge} 212 24
< U5se A FrE ddste 4 sa.
L He] A R HE AAE olgEd Yy
el FFE Ao g AA =2 &
&5E we BAE g AN £y
23 33 22 4EE 4tk

(1) B4 BARAH 3138 v 248 o
#eol HIANE FAF 23, e £ HY
Ao} & A A,

(2) & A7oAM AN AAY L Foaiy
off Bl&j #|Apge] hdate FA S Ao dA
3t A& 4] 7hs sttt

(3) 7% utatel g 7He] BAN7E AHE-H T
B oy Boz XNFF e glo]l FHAHY
Yol 7Hs st

(4) @29l ol A FA=AT 2d o] 5
H 2 QTN AAE ol % PHeR I
Fejo] BANE B8 7 Hue] FEE 4A
&35 Aol 7hssidn dddn.

(5) ¥ AFolA o Ade B34 e
HZEA A ety dFg 2UES HEE 5 3
opg 4R B¥FY FFHIHEN 78
A AHeE F Aot AdEn.
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