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WEIGHT OPTIMIZATION OF A CYLINDRICAL SHELL MADE OF FIBERGLASS 
UNDER CONDITIONS OF ONE LIMIT STATES AND UNCERTAIN INFORMATION 

IN INITIAL DATA

Baranenko V. ., D. of Technical Science, Professor, 
Volchok D. L. associate professor, Ph. D. in Technical Sciences

Prydniprovs ka State Academy of Civil Engineering and Architecture, 
Chernychevskiy str., 24 , Dnipro, 49600, Ukraine

bva0984387404@gmail.com, VolchokDL@yandex.ru

A model for design of cylindrical circular shell of minimum weight made of fiberglass is presented. The 
shell is under the influence of axial compressive force, external pressure and torque. Information about 
their values is given in an indefinite manner. In the formulated model only one limiting state is taken 
into account: the local loss of stability. The paper considers the uncertainty of a random and fuzzy 
character. The mathematical model of soft computing, based on the Monte Carlo method, is used to 
implement the model. Numerical experiments illustrate the application of the theory of probability and 
the theory of fuzzy sets to the problems of uncertain optimization of shells. 

Key words: optimal design of construction, shell, random and fuzzy values, Monte Carlo method, soft 
calculations.
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- * ,
F * , /

q * ,
M

1 1 1,5 0,02

2 0,5 1 0,01

3 0,10 0,5 0,002

4 2 1 0,03

- 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1

1

W 3 2009 2178 2247 2370 2425 2519 2579 2654 2776 3025

h 0,3197 0,3467 0,3577 0,3773 0,386 0,4 0,4105 0,4224 0,4419 0,4815

0,3261 0,2697 0,3552 0,2552 0,265 0,3 0,2722 0,2641 0,2430 0,2211

pr 0,112 0,202 0,308 0,42 0,504 0,614 0,714 0,8 0,91 1

2

W 3 2171 2265 2332 2402 2422 2488 2538 2600 2671 2880

h 0,3455 0,3604 0,3712 0,3822 0,3855 0,3960 0,4039 0,4137 0,4251 0,4584

0,2915 0,2519 0,2908 0,3201 0,2756 0,2643 0,2563 0,2663 0,2882 0,3206

pr 0,1 0,202 0,3 0,414 0,518 0,614 0,7 0,818 0,91 1

3

W 3 2312 2356 2398 2419 2452 2475 2497 2531 2564 2697

h 0,3679 0,3750 0,3817 0,3851 0,3902 0,3939 0,3974 0,4029 0,4080 0,4292

0,2332 0,2420 0,2240 0,2398 0,3131 0,2890 0,2710 0,2828 0,2314 0,3733

pr 0,1020 0,2060 0,3180 0,4 0,5140 0,6020 0,72 0,8140 0,9220 1

4

W 3 2172 2259 2335 2387 2437,6 2475 2548 2598 2673 2857

h 0,3457 0,3595 0,3727 0,38 0,388 0,394 0,405 0,4135 0,4254 0,4547

0,3245 0,212 0,229 0,25 0,289 0,278 0,245 0,221 0,238 0,231

pr 0,1 0,212 0,31 0,408 0,502 0,606 0,708 0,806 0,902 1

85 10N pr

W .
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*F , *q , *M

- , ,a m b a m b

1 *,F 11,76 12,00 12,24 0,24
*, /q 4.9 5 5.1 0.1

*,M 0,1960 0,2000 0,2040 0,0040

2 *,F 11,40 12,00 12,60 0,60
*, /q 4,75 5 5.25 0.25

*,M 0,1900 0,2000 0,2100 0,0100

3 *,F 11,04 12,00 12,96 0,96
*, /q 4,6 5 5.4 0.4

*,M 0,1840 0,2000 0,2160 0,0160

4 *,F 10,20 12,00 13,80 1,80
*, /q 4,25 5 5.75 0.75

*,M 0,1700 0,2000 0,2300 0,0300

5 *,F 9,60 12,00 14,40 2,40
*, /q 4 5 6 1

*,M 0,1600 0,2000 0,2400 0,0400

6 *,F 8,70 12,00 15,30 3,30
*, /q 3,75 5 6,15 1,25

*,M 0,1500 0,2000 0,2500 0,0500

-6

- * 3,W *,h * pos

1 0 2429.9 0.3867 0.278 0.001

0.1 2432.5 0.3872 0.260 0.211

0.2 2434.6 0.3875 0.243 0.261

0.3 2437.8 0.3875 0.258 0.321

0.4 2437.1 0.3879 0.263 0.423

0.5 2439.2 0.3882 0.242 0.533

0.6 2440 0.3884 0.252 0.607

0.7 2443 0.3889 0.275 0.715

0.8 2444 0.3890 0.249 0.817

0.9 2446 0.3893 0.253 0.93

1 2447.7 0.3896 0.253 1.0
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2 0 2399,042 0,3818 0,253 0,007
0.1 2405,410 0,3828 0,244 0,116
0.2 2410,2 0,3836 0,270 0,226
0.3 2413,665 0,3841 0,254 0,308
0.4 2419,827 0,3851 0,271 0,405
0.5 2423,64 0,3857 0,260 0,503
0.6 2429,344 0,3866 0,249 0,625
0.7 2434,221 0,3874 0,247 0,710
0.8 2438,771 0,3881 0,270 0,802
0.9 2443,392 0,3889 0,260 0,910
1 2447,672 0,3896 0,253 1,0

3 0 2370,21 0,3772 0,251 0,001
0.1 2380,196 0,3788 0,239 0,111
0.2 2385,565 0,3797 0,247 0,209
0.3 2393,877 0,3810 0,242 0,311
0.4 2401,637 0,3822 0,241 0,406
0.5 2409,768 0,3835 0,241 0,504
0.6 2417,61 0,3848 0,274 0,601
0.7 2426,168 0,3861 0,253 0,723
0.8 2433,803 0,3874 0,241 0,809
0.9 2440,963 0,3885 0,269 0,904
1 2447,652 0,3896 0,257 1,0

4 0 2296.801 0.3655 0.25 0.008
0.1 2313.713 0.3682 0.251 0.104
0.2 2333.019 0.3713 0.268 0.226
0.3 2344.959 0.3732 0.258 0.310
0.4 2361.154 0.3758 0.245 0.405
0.5 2374.731 0.3780 0.253 0.503
0.6 2390.076 0.3804 0.256 0.602
0.7 2405.232 0.3828 0.267 0.700
0.8 2421.414 0.3854 0.234 0.807
0.9 2434.564 0.3875 0.278 0.900
1 2447.642 0.3896 0.253 1.0

5 0 2244.046 0.3572 0.243 0.002
0.1 2262.922 0.3602 0.264 0.102
0.2 2286.345 0.3639 0.250 0.203
0.3 2309.671 0.3676 0.225 0.311
0.4 2329.23 0.3707 0.249 0.402
0.5 2349.376 0.3739 0.256 0.507
0.6 2368.597 0.3770 0.263 0.6
0.7 2389.872 0.3804 0.24 0.703
0.8 2409.458 0.3835 0.24 0.803
0.9 2429.915 0.3867 0.273 0.902
1 2447.679 0.3896 0.254 1.0



Visnyk of Zaporizhzhya National University. Physical and Mathematical Sciences 33

   1, 2017 

6 0 2188,6 0,3483 0,291 0,008

0.1 2216,6 0,3528 0,301 0,1

0.2 2244,4 0,357 0,221 0,208

0.3 2272,5 0,3617 0,281 0,306

0.4 2296,9 0,3656 0,247 0,407

0.5 2324,4 0,3699 0,252 0,501

0.6 2351,3 0,3742 0,226 0,601

0.7 2377,9 0,3785 0,264 0,711

0.8 2398,8 0,3818 0,254 0,802

0.9 2425,7 0,3861 0,232 0,901

1 2447,6 0,3896 0,257 1,0

dfW detW ,
det

det
100%

dfW W

W
.

, %data *F , *q , *M

*F
m , *q

m , *M
m ). , %W dfW

3
det 2448W *F

m , *q
m , *M

m .

fW

3
det 2448W

- , %data 3,dfW , %W dfh df

1 2 2442,2 0,25 0,3887 0,255

2 5 2433,5 0,60 0,3873 0,258

3 8 2425,1 0,94 0,3860 0,254

4 15 2404,2 1,80 0,3826 0,257

5 20 2388,6 2,40 0,3802 0,253

6 25 2373,6 3,0 0,3778 0,250

1
dfW

( 1 ( )data
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