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18146.6 18819.5 8x 12 420  D42-L420-L,210-8-12
17691.1 18366.2 8x14.05 420  D42-1420-L,210-8-14.05
17270.9 17993.6 8x16 420 D4-1420-L,210-8-16
16938.7 17670.6 8x17.7 420  D42-1420-1,210-8-17.7
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228249  23481.7 8.04x13.85 120 D48.1-L120-L,60—8.04 —13.85
221773 22827.5 8.04x17.75 120 D48.1-L120- L,60~8.04 -17.75
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—4— D=48.1, 8 * 10 hole
— D=48.1, 8 * 14 hole
D=48.1, 8 * 18 hole
D=42 ,8 * 10 hole
D=42 ,8 * 12 hole
D=42 , 8 * 14 hole
—&— D=42 , 8 * 16 hole
—5— D=42 ,8 * 18 hole
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E 04 -——-no hole
20 8 * 9.98 hole Sl e
)4 - 8% 12 hole B
/ —— & * 14.05 hole
02 —+—8* 16 hole
/" ——8* 17.7hole
/
0 ~/ - - e
0 0.002 0.004 0.006 0.008 0.01 0.012
() End shortening §/L.
1.2
1
» 0.8
St
=
-
T 0.6
=
@
04 w:tuﬁo hole
8*9.95 hole
A —-3¢— 8 * 12 hole
0.2 —=—-7.96 * 13.84 hole
—>— 8 * 16 hole
—o— 8% [7.68
0
0 0.005 0.01 0.015 0.02

(o) End Shortening §/L
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8
-—— 110 hole e
- 8 * [0.88 hole
“e- 8% 12 hole
0.2 8.27 * 14.07 hole
—— 8 * 16 hole
—o— & * 17.6 hole
@
0 0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04
End shortening §/L
1.2
[
0.8

Axial load L/Lref
[l
N

= -~— no hole B ‘jh}i\
. // —+7.95 % 9.88 hole
- 7.96 * 13.84 hole
| / < 7.94 * 17.54 hole
04 - o |
) 0 0.002 0.004 0.006 0.008 0.01
End shortening 8/L
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N
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0 0.01 0.02 0.03 0.04 0.05 0.06
End shortening §/L
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V. Mises Stress | E. Plastic Strain V. Mises Stress | E. Plastic Strain V. Mises Stress E. Plastic Strain
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Axial Load L/Lref

0 0.01 0.02 0.03 0.04 0.05 0.06 0.07
End shortening §/L
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V. Mises Stress | E. Plastic Strain V. Mises Stress | E. Plastic Strain V. Mises Stress E. Plastic Strain
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(mmx mm) (mm)
S8R5 S4R
16938.7 17670.6 8x17.7 420 D42 - L420-L,210-8-17.7
17798.7 18253.3 11x12.87 420 D42 - 1420~ L,210-11-12.87
18194.5 18593.8 14x10.11 420 D42 -1420-L,210-14-10.11
18513.6 18847.3 17.92%x7.9 420 D42 -1420-L,210-17.92-7.9
17746.4 18477.7 8x17.68 273 D42 - 1273 - L,136.5-8—-17.68
18419.9 19016.6 11x12.87 273 D42 - 1273 -L,136.5-11-12.87
18732.7 19268 14x10.11 273 D42 — L1273 - 1,136.5-14-10.11
19027.9 19411.7 18.38x 8 273 D42 - L273 - L,136.5-18.38-8§
19120.4 19764.8 8x17.6 120 D42 - L120-1,60-8-17.6
19713.9 202523 11x12.87 120 D42 - 1120 - L,60-11-12.87
20086.4  20513.6 14% 10.11 120 D42 - L120 - 1,60 -14-10.11
20293.5 20728.5 17.7x7.9 120 D42 -1120-L,60-17.7-17.9
19828.4  20592.8 7.94%17.54 420 D48.1- L1420~ L,210—-7.94—-17.54
20656.5 21124.5 11x12.87 420 D48.1-L420-L,210-11-12.87
20992.8 21512.4 14x10.11 420 D48.1-L420-L;210-14-10.11
21431.2 21675.5 18x 8 420 D48.1-1L420-L,210-18-8
20623.2 21361.6 8.02x17.86 273 DA48.1-1273-1,136.5-8.02 -17.86
21222.3 21917.8 11x12.87 273 D481 - 1273 -1,136.5-11-12.87
21609.4 221222 14%x10.11 273 D48.1-1273-1,136.5~14-10.11
21838.7  22232.8 18x 8 273 DA48.1—-L273 - L,136.5-18-8
22177.3 22827.5 8.04x17.75 120 D48.1-1120- 1,60 -8.04 -17.75
22661.1 23396.6 11x12.87 120 D48.1-L120-L,60-11-12.87
23127.5 23661.4 14x%10.11 120 D48.1-L120—-L,60-14-10.11
23318.7 23773.8 18% 8 120 D48.1-1120-1,60-18 -8
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Axial load L/Lref

(alhy

Axial load L/Lref

(<)

—-: - no hole
T E T —— 8 * 17.7 hole
! e L 11% 12.87 hole
/ S ~ = 14%10.11 hole
—e—17.92 * 79 hole

0.8 W‘@% .
i %%‘)@&9\
Q, e
N ~——
06 ﬁs@n§h%b
..H#g:@_*@i:)\ e
/. \&L&\‘:N‘zﬁa_}_,‘
0.2 4’
0 ¢ . :
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014
End shortening §/L
—--no hole
—«— 8 * 17.68 hole
l 11% 12.87 hole
14 * 10.11 hole
08 ——-18.38 * 8 hole
0.6 \
0.4
0.2
0
0 0.005 0.01 0.015 0.02 0.025
End Shortening /L
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0.8

0.6

Axial load L/Lref

0.2

(&l

1.2

Axial load L/Lref
o
IoN

—&—no hole
——8* [7.6 hole
11* 12.87 hole
~14%10.11 hole
——17.7* 79 hole
0.005 0.01 0.015 0.02 0.025 0.03
End shortening §/L
-=---no hole
—— 7.94%17.54 hole
,,,,,,,, ©11%12.87 hole
\k {4*10.11 hole
T ~-—18*8 hole

0.002 0.004 0.006 0.008 0.01 0.012
End shortening 8/L

ol coluw b sqam ‘;OM shlo sbaiwg ol p ol olul — UL b Soie -TY-T S
L gladl gl L_.;Lam;u% (o .D/Z =153.846 9 L/D=2.857 Sl b gl g saiug (A

D/t =61.667 g L/D=8.732 gl

AD



S oS hils glalgial glaaig iileS 528 5 5038 gy

-—+--no hole
T —+—8.02%17.86 hole
1 Iy - 11*12.87 hole
NG 14%10.11 hole
S .~ 18*8 hole
0.8
[
&
i
NS
S~
=~ 0.6
!
Ix]
2
=
'5 0.4
02 [
() 0 =
0 0.005 0.01 0.015
End Shortening /L
-:-—n0 hole
L . —-8.04 * 17.75 hole
! . 11%12.87 hole
~
o 14 * 10.11 hole
\\
Ry —— 18 * 8 hole
0.8
®
i
|
S~
0.6
~z
«
2
" .
'5 0.4
0.2
0
(<) 0 0.005 0.01 0.015 0.02 0.025

End shortening §/L
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(N) giiles L “9l) Jsb
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f(deg) (mm)

S8RS S4R
16938.7 17670.6 0 420 D42 —-7420-1,210-8-17.7
17187.8 17947 30 420 D42 - 1420-1,210-8-18-30
17611.8 18194.8 45 420 D42 - 1420~ L,210-7.95-18 - 45
18011.2 18469.3 60 420 D42 —L420-L,210-8-18 - 60
18513.6 18847.3 90 420 D42 —1420-1,210-7.9-17.92 -90
17746.4 18477.7 0 273 D42 - L273-L,136.5-8~-17.68
17986 18713.7 30 273 D42 -L273 - L,136.5-8-18-30
18333 18991.6 45 273 D42 -L273-L,136.5-7.98-17.68-45
18634.4 19196 60 273 DA2 - L273-L,136.5-8-18-60
19027.9 19411.7 90 273 D42~ L273~L,136.5-8-18.38-90
19120.4 19764.8 0 120 D42 - L120-L,60-8-17.6

19366 19995.4 30 120 D42 - L120-L,60-8~17.7-30
19654.2 20283.5 45 120 D42 - 1120 - L,60-8-17,75-45
19940.7 20507.9 60 120 D42 -1120-1,60-8-17.7-60
20293.5 20728.5 90 120 D42 -71120-L,60-7.9-17.7-90
19828.4  20592.8 0 420 DA8.1-L420-L,210-7.94-17.54
20094.2 20794.8 30 420 D48.1-1420—-L,210-8~18~30
20526.8 21183.5 45 420 DA48.1-L420-L,210~7.96 ~17.66 — 45
20823.2 21333.7 60 420 D48.1-L420-L,210-8~-18-60
21431.2 21675.5 90 420 D48.1-L420-L,210-8-18-90
20623.2 21361.6 0 273 D48.1- 1273 - L,136.5-8.02-17.86
20856.4  21630.9 30 273 D48.1-L273-L,136.5-8-18-30
21096.7 22064.4 45 273 DA481-L273-L,136.5-8-18—-45
21481.8 21867.7 60 273 D48.1-L273-L,136.5-8-18-60
21838.7 22232.8 90 273 DA8.1-L273-L,136.5-8-18-90
22177.3 22827.5 0 120 D48.1-L120-L,60-8.04-17.75
22467.4 23091.1 30 120 D48.1-L120-L,60-8-18-30
22682 23379.8 45 120 D48.1-1120—-L,60—-8-17.75-45
22932.7 23564.3 60 120 D48.1-1120—-L,60 -8 —18 - 60
23318.7 23773.8 90 120 D48.1-L120-L,60-8—-18-90
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Axial Load L/Lref
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End shortening 6/L
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V. Mises Stress

E. Plastic Strain

V. Mises Stress

E. Plastic Strain

V. Mises Stress
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E. Plastic Strain
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(Nom) iiles jolias  SogdS olel  Job

ol ol (mncal . Sqm) - e

S8R5  S4R (rmm)
207.646 297162 - 420 D42 - L420 — Perfect
188.674 200265  8x17.7 420 D42 L420-L,210-8 177
203249 213377  11x12.87 420 D42—L420—L,210-11-12.87
211.026 219499  14x10.11 420  D42-L1420-L,210-14—10.11
216773 223.366  17.92x7.9 420 D42-L1420-1,210-17.92-7.9
297.891  298.399 oo 273 D42— L1273 - Perfect

189.28  201.664  8x17.68 273  D42—L[273—L,136.5-8—17.68
204.143  214.018  [1x12.87 273 D42—-1273-L1,136.5—11~12.87
212012 219.611  14x10.11 273 D42-L273-L,136.5-14-10.11
215.683 222.186  18.38x8 273  D42-L1273-1,136.5-18.38-8
297.157  300.05 - 120 D42~ L1120 — Perfect
200732 211.248  8x17.6 120 D42— [120—L,60-8 ~17.6
214.494 223419  11x12.87 120 D42-L120—-L,60—11-12.87
222.349 229233 14x10.11 120 D42-L120—L,60-14—10.11
227255 233.564  17.7x7.9 120 D42-L120-L,60-17.7-79
385.329 385219 - 420  D48.1- L420 - Perfect
248.432  262.843 7.94x17.54 420  DA8.1-L420-L,210—7.94—17.54
264.185 27421  11x12.87 420  DA48.1-L420—L,210—11-12.87
271742 281.068  14x10.11 420  DA48.1-L420—L,210—~14-10.11
27777 285.563 18x 8 420 DA48.1- L1420~ L,210~18 -8
385.13 380265 - 273 DA48.1- L273 - Perfect

24819  263.789  8.02x17.86 273  DA8.1—-L273— L,136.5-8.02~17.86
265.995 277.195  11x12.87 273  DA48.1-L1273—L[,136.5-11-12.87
273.145  282.985  14x10.11 273  DA48.1-L273—L,1365-14-10.11
278.064  286.76 18x 8 273 D48.1- 1273~ 1,136.5— 188
399.861  404.359  -eee- 120 D48.1- L120 - Perfect
263.802  284.04 8.04x17.75 120  D48.1—L120—L,60—8.04—17.75
286.812  297.811  11x12.87 120 DA481-L120—L,60—11—12.87
294.165 303.781  14x10.11 120  DA48.1-L120—L,60—-14-10.11
299222 306.17 18x 8 120 D48.1- L1120 1,60 188
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(I .
End rotation (rad)
~ - no hole
—— 8 * 17.68 hole
H e T S —#—11* 12.87 hole
= 1 =14 % 10.11 hole
9 12 & 18.38 * 8 hole
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o 04
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0.2 /"\
0
0 0.02 0.04 0.06 0.08 0.1 0.12
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End rotation (rad)
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(&b End rotation (rad)
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End rotation (rad)
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End rotation (rad)
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Bending moment M/Mref
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End rotation (rad)
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V. Mises Stress

E. Plastic Strain

V. Mises Stress

E. Plastic Strain

V. Mises Stress

E. Plastic Strain
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28222.85 30014.36 0.6 420 D42 - 420— 1,252 -7 ~16
2891738  30728.37 0.7 420 D42 1420 L,294—7~16
30085.76  31870.79 0.8 420 D42-1420-1,336-7~16
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3192272 33525.99 0.7 119.7 D42—-1119.7-L,83.79~7-16
32312.18  33831.07 0.8 119.7 D42 - L119.7-1,95.76-7-16
326562  34282.19 0.9 119.7  D42-L119.7-1,107.7—-7-16
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25858.7 257742 20623.2 25 DA48.1— L273 - L,136.5-8.02 - 17.86
258254 25703.9 221773 159  D48.1-L120- 1,60 —8.04 -17.75
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. Canxbgo Job
U‘“';S b SoghE &gl Agod ylgne
™ (L,/L) (mm)
230183 - 420 D42 — L420 - Perfect
16809.8 0.5 420 D42 -L420-L,210-8-17.7
18555.2 0.7 420 D42 -1420-L,294-8-18.15
19525 0.9 420 D42 - 1420 L, 378 -8 -18.04
222456 -—-- 273 D42 — L273 — Perfect
17945.8 0.5 273 DA2-L273-L,136.5-8—-17.68
17979.1 0.7 273 DA2 - L273-L,191.1-7.96-18.25
19296.2 0.9 273 D42 - 273 - L,245.7—-798 -17.94
239257 e 120 D42 — L120 — Perfect
20274.9 0.5 120 D42 - L120-L,60-8-17.6
20691.3 0.7 120 D42 - L120-L 84 -8-17.6
257753 —mm- 420 DA48.1 - L420 — Perfect
19909 .4 0.5 420 DAB.1-L420-L,210-7.94-17.54
26123.8 - 273 D48.1— L273 — Perfect
20855.3 0.5 273 DA8.1—-1273-1,136.5-8.02-17.86
269673 - 120 D48.1— L120 — Perfect
21914 0.5 120 D48.1-L120-L,60-8.04 —-17.75
20000
19500
19000 -
Z 18500
'§ 18000
B 17500 1
= 17000 -
E 16500 -
16000 - . ;
15500 - | —=D=42, L=10D |
15000 +———————————————————— ; .
0.4 0.5 0.6 0.7 0.8 0.9 1

Location ofholes Lo/L
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Axial load L/Lref

T T

0 0.005 0.01 0.015 0.02

)|
(b End shortening 6/L

k!

R
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—

=

]

=2

I

"

<

O T f T T
0 0.005 0.01 0.015 0.02 0.025

() End Shortening /L
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14 |
no hole }
——10=0.5L .
084 J ’
E 'Coincidence point
S|
= 0.6 -
o
<
=
g
Z 04~
0.2 -
0 './ T T
0 0.01 0.02 0.03 0.04 0.05 0.06
(b
End shortening §/L
no hole |
1 | ‘
——Lo=0.5L
- 0.8 -
1
=
)
< 00
]
=
= 044
ag B
<
0.2 4
0 1 T T T 1
0 0.003 0.01 0.015 0.02 0.025
(<) End shortening §/L
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Axial load L/Lref
(=3
=

0.2 -

0 - 7 e ——
0 0.005 0.01 0.015 0.02 0.025 0.03
(ah End Shortening §/L

Axial load L/Lref

T

(&) / : : . ‘
0 0.01 0.02 0.03 0.04 0.05 0.06 0.07

End shortening 6/L
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N) Gles 5k, il g0 fse
(mm x mm) (mm)
16809.8 8x17.7 420  D42-1420-L,210-8-17.7

16871.4 12.05%x17.95 420 D42 -1420-L,210-12.05-17.95
16335.8 14.05x17.95 420 D42 - 1420~ L,210-14.05-17.95

17945.8 &x17.68 273 D42 - L273 - L 136.5~8-17.68
17202.4 12x17.8 273 D42 - L273 - L 136.5-12~-17.8
17129 14.08x 18 273 D42 —L273 - L, 136.5-14.08 -18
20274.9 &§x17.6 120 D42 -L120-L,60-8~-17.6
18294.4 12.1x18 120 D42 -L120-L,60-12.1-18
17936.1 14.05x18 120 D42 - 1L120-L,60-14.05-18
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21000 4
—e—D=42, LUD=2.857 }
20500 | ——D=42, D65 |
| ——D=42, D= :
20000 4 L > "
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g 19000 -
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w 18500 A
k=]
E
S 18000
=
17500 -
17000 ‘
16500 ‘—__—’——/—‘_A\

16000 L‘—T—\— T T T T T

0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8
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Axial load L/Lref
o o o
= N [e=]

@
()

()

0.8 4

Axial load L/Lref

0.2 4

(<)

‘ no hole
" ——8* 1[7.7hole <
[ 12,05 % 17.95 hole|

| ——14.05 * 17.95 hole

0.002 0.004 0.006 0.008 0.01 0.012 0014 0.016 0018 0.02
End shortening §/L

12* 17.8 hole
——14.08 * 18 hole

no hole ;
’ ——8* 17.68 hole |

i
|
1
|

0.005 0.01 0.015 0.02 0.025 0.03 0.035
End Shortening /L

9 yurin L8351 G g quam ‘;oj..wf shls baiwg slp (sl olbuls — UL by Sove —1Y-F STl
ailgsim! sraiwg (. D/r=53.846 9 L/D =10 slbuwmi b slailgin! slraiwg (B .culi pye

DJ1=53.846 § L/D=6.5 (clacimusi b
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: no hole
——8* 7.6 hole {
12.1%18 hole |
0.8 - | w=-14.05% 18 hole |

Axial load L/Lref

T T T

0 0.01 0.02 0.03 0.04 0.05
End shortening §/L
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Slalgim! gaimwg JileS )b g9y wal gl )l b S48 o0 s U
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N) GoaS 5y el Wigei g

(mm x mm) (rm)
18745 8x9.98 420 D42 -1420-L,210-8-9.98
17488.9 8§x14.05 420 D42 - L420-L,210-8-14.05
16809.8 8§x17.7 420 D42 -L420-L,210-8-17.7
18875.9 8§x9.95 273 D42 - L273-1,136.5-8-9.95
18398.2 7.96x13.84 273 D42 -L273-L,136.5-7.96-13.84
17945.8 8x17.68 273 D42 - L1273 -L,136.5-8—-17.68
19981.2 8§x10.88 120 D42-1120-L,60—8-10.88
18988.5 8.27x14.07 120 D42 - L120-L,60-8.27 —-14.07
20274.9 8x17.6 120 D42 -1120-L,60-8-17.6

22134.6 7.95%x9.98 420 D48.1-L420-L,210-7.95-9.88
20692.2 7.96x13.84 420 D48.1-10420-L,210-7.96-13.84
19909.4 794x17.54 420 D48.1-L1L420-L,210-7.94-17.54
23117.8 8.02x9.92 273 D48.1-L273-L,136.5-8.02-9.92
21066.4 8.02x13.92 273 D48.1-L273-1,136.5-8.02-13.92
208553 8.02x17.86 273 D48.1-L273-1,136.5-8.02—-17.86

23730.1 8§x9.9 120 D481~ L120—-L,60-8~-9.9
22493.6 8.04x13.85 120 D48.1-L120-L,60—-8.04 -13.85
21914 8.04x17.75 120 D48.1—-L120-L,60—-8.04—-17.75

—&—D—48.1. L'D=2.495
! —a— D=48.1, L/D=5.676

25000
|

D=48.1, L/D=8.732 |
—6—D=42, /D-2.857 |
—¥—D=42, L/D=6.5

D=42 1/D=10 |

24000 -

23000 -

22000 {

21000

19000 +

18000 -

Buckling load (N)

17000 ~
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-
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8
=
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5 04 no hole R
E - 8* 998 hole
02 1 ——8 * 14.05 hole
/ ——8* 17.7 hole
¥
0 # L B T ‘ i
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016
(ally End shortening 6/L
1 .
0.8 4
ks!
1
g
- 0.6 1
o
o
S
=
2 04+
} no hole
0.2 - 9.95 hole
] | —0—796 13.84 hole |
, | ——8*17.68hole |
0o
0 0.005 0.01 0.015 0.02 0.025
(<) End Shortening §/L

9 <ol gl b (gt (F054iS shilo sbraiwsg sl (ool 2lmle — b sla S —10-F S
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Axial load L/Lref

~——no hole
—— 8§ * 10.88 hole

i -0 -827*14.07hole |
—==8* 17.6 hole

0 2 T T T R T T
() 0 0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04 0.045 0.05
End shortening /L

Axial load L/Lref

0.2 |

——7.96 * 13.84 hole
, 7.94 * 17.54 hole

3 T [ R T T T T
0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018
End shortening /L

<

’ l? —-no hole ]
1 ) ———7.95 * 9 88 hole
0

<

9 ol gLyl b ggpam (50945 LI sloaiwg lp (2l bl — b sla S -1P-F S
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0.8 1

0.6 1

Axial load L/Lref

| =™ no hole )

J - 8.02 *9.92 hole
—%— 8.02 * 13.92 hole
! ~——8.02 * 17.86 hole

(0 % T T T T T
(J-”) 0 0.005 0.01 0.015 0.02 0.025
End Shortening §/L
1 -
0.8 1
B
P
=
~ 0.6 -
=
a8
=
g
2044
‘ no hole ( B
021 8% 90hole |
—¥%—8.04 * 13.85 hole
<= 8.04* 17.75 holg
0 3% ;
0 0.01 0.02 0.03 0.04 0.05 0.06 0.07
(<) End shortening §/L
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S (S ogd b glailgiw! glrdimwgy (oo Judond g lis —F-F Jou

Slailgiwl gladimwg) AileS )b (59, (SO digly ki U

w9l Jsb
(N) Guiles 5L Sogis g digod (ylghe
O(deg) (mm)
16809.8 0 420 D42 - L420-L,210-8~17.7
17426.4 45 420 D42 -~ L420 - L,210 -7.95-18 - 45
18545.7 90 420  DA2-L420-L,210-79-17.92-90
17945.8 0 273 D42 - L273 - L 136.5-8—-17.68
17480.1 45 273 D42 - L273-L136.5-7.98-17.68-45
18275.2 90 273 D42 - L273 - L,136.5-8-18.38-90
20274.9 0 120 D42 - L120-L,60~-8~-17.6
20341.5 45 120 D42~ L120- L 60 -8 —17,75 - 45
20188.4 90 120 D42 - 1120-L,60—-7.9-17.7-90
19909 .4 0 420 D48.1-L420—-L,210-7.94-17.54
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0.98 1.16 230183 227928 232852 D42-L1420- Perfect

0.77 512 16809.8 16938.7 17670.6 D42~-L420-L,210-8-17.7

5.93 2.14 185552 174532 18157.5 D42~L420-L,294-8-18.15

4.07 0.62 19525  18729.1 19403.3 D42-1L420-L.,378—-8-18.04

2.56 5.4 22245.6 22814.8 234474 D42~ L273 - Perfect

1.11 296  17945.8 17746.4 184777 DA2-L273-L,136.5-8-17.68
1.13 506 17979.1 18181.8 18888.5 D42~-L273-L;191.1-7.96-18.25
0.56 2.08 19296.2 19187.1 19698.5 D42-L273-L1,245.7-798-17.94
4.90 217 239257 22751.6 234047 D42~ L120 - Perfect
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6.54 416  20691.3 19338 19828.6 D42-L120-L,84-8-17.6
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VFF



298 sl lalgmnl sloarug JiilaS 2,55 5 (6008 g,y

yls (6 xS Gl >

@ D=42 , L=420
oD=42, L=273
B D=42, L=120
mD=48.1, L=420:
D=48,1, L=273

O D=48.1, L=120|

e
O2NWDhADN®OO

Gfég.wf YL ,_Slbs\.ig.o.i ,__g‘)g ,_s.a).”u @Lu 9 S8R5 QL&J' b GORs GL&J M| Juo y0 —\—AJS.J’J

| mD=42, =420 |

10.00+ | BD=42,1=273 |
OD42,L=120

5009 | QD481 1420 |
8.004 ] mD=481,1=273
7.00 | OD=48,1 ,L=1@_[

s woyd  5.00-

33 S35 Gl sladigei gly o275 g 3 SBRS Ll b goue gyl DSt ys —¥-B S
alize (sLsrdge

Vo



‘5?.)5.“5 GI)IQ ‘_gld.ﬂ}:\_.q] QSL‘”“:““‘}:! U»‘.-Lo.f SIS 5 SONE oy

‘;ég.mf S Les! J.a.l:u Y bg.g).n P g (GO @Lu dnns (o ~Y-1-0

~0) JBal g (F-0) Jguzr 53 bl onl B aoyo b oljen ()i 5 ose sledidos ls

ol o @l (F-0) g (¥

R L;og....f L ‘5'43|5$w| ,__.;Ub@»% LS‘J'.’ Gy g goNs c;LbJ.:.l.z? @Lu dows Lo —T—AJSJ«?

Slailginl gaaiwg il 5b 59, 2l (fye b (Fo9aS olul pundis 13l

SMS suo 0
Lsse s Gidbes ;b (N) Giiles b
eI & diged (ylgie
oldl ol (N) oot oot
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077  5.12  16809.8 16938.7 17670.6 D42—L420~L,210~8-17.7
196 2.18  16871.4 16540.1 17240 D42 L420-L,210-12.05-17.95
101 512 163358 165002 17173.3 D42 L1420~ L,210-14.05-17.95
048 227 18745 186543 19170.7 D42-L420-L,210-8-9.98
116 501  17488.9 17691.1 183662 D42 L420~L,210~8~14.05
111 296 179458 177464 18477.7 D42-L273~L,136.5-8-17.68
1.5 556 172024 17459.7 18159.8 D42-1273-L136.5-12-17.8
119 497 17129 173322 179812 D42-L1273~L,136.5-14.08-18
185 512 188759 192243 19843.6 D42-L273-L,136.5-8-9.95
0.05  4.08 183982 184067 19149.5 DA42- L1273~ L 136.5—7.96 —13.84
569 251 202749 191204 197648 D42 L120~ L 60-8~17.6
2,67 594 182944 18782 19382.8 D42-L120~L,60-12.1-18
466 777 17936.1 18772.1 193313 D42-L120~L,60-14.05-18
13 432 199812 20241.7 208443 D42-L120~ L,60-8-10.88
37 690 18988.5 19691.7 20300.5 D42-L120~ L 60827 ~14.07
04 343 19909.4 198284 20592.8 D48.1-L420- L,210~7.94—17.54
264 017  22134.6 215502 22173.7 D48.1-L420-L,210-7.95-9.88
023 3.5 206922 206445 21345 DA8.1-L420-L210-7.96~13.84
111 242 208553 206232 21361.6 DA48.1~L1273—L,136.5-8.02-17.86
438 133 23117.8 221043 228088 D48.1-L273-L136.5-8.02-9.92
108 469 21066.4 212932 22055 D48.1-L273-L,136.5-8.02-13.92
12 416 21914 221773 228275 D48.1-L120-L,60 -8.04-17.75
381 1.04 23730.1 228249 234817 D48.1-L120-L,60-8-9.9
14 148 22493.6 22177.3 22827.5 D48.1-L120-L,60~8.04-13.85
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ABSTRACT

Understanding how a cutout influences the load bearing capacity and buckling and
postbuckling behavior of cylindrical shells is fundamental problem in the design of
structural components used in automobiles, aircrafts, marine structures and....In this
project, simulation and analysis of steel cylindrical shells with various lengthes and
diameter, include elliptical and quasi elliptical cutouts, subjected to axial compression
and bending moment, were systematically carried out using finite element numerical
method and the investigation examined the influence of change the cutout position, size
and cutout angle and also the shell aspect ratio (I./D) on the buckling and postbuckling
behavior of cylindrical shells. Finally with using a reinforcer, the buckling strength of
shells increased.

For several specimens, an experimental investigation was also carried out via an
INSTRON 8802 servo hydrolic machine. And the results obtained from the experiments
were compared with numerical results. A very good accordance was observed between
the results obtained from the finite element simulation and the experiments. Finally,
with using experimental and numerical resultes, some equations were presented for
finding buckling load of cylindrical shells with elliptical and semi elliptical cutouts.

KEYWORDS

Buckling - cylindrical shells — Elliptical cutout - Semi elliptical cutout — Axial load —

Bending moment ~ Finite element method — Experimental method.
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