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In this paper, the bending analysis of cylindrical nanoshells under thermal-humidity loading is investigated
based on the nonlocal strain gradient theory. The temperature distribution changes linearly along the
thickness. In order to increase the accuracy of the results, in this paper, the shear and bending effects of the
nanoshell in the thickness direction are considered independently. The main innovation of the paper is to
consider the effects of bending, shear and thickness effect independently on the transverse displacement.
The equations of motion are obtained by considering nonlocal effects using Hamilton's principle. Then, the
obtained equations of motion are solved using the Navier method. The effect of parameters such as shell
dimensions, its mechanical properties and nonlocal parameter on the static deflection is analyzed. The
simulation results show that the shear effects in the thickness direction play a vital role in the bending of
functionally graded nanoshells.
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Nondimensional Deflection
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Fig. 3 The effect of the nonlocal parameter and Poisson's ratio on the
nondimensional deflection of the nanoshell
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Fig. 4 The effect of the nonlocal parameter and power law index on the
nondimensional deflection of the nanoshell
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Fig. 2 The effect of the nonlocal parameter and Z ratio on the
nondimensional deflection of the nanoshell

o b - . . . - & e
Ll am oy 2lrale 7 ol S g (adge nud Sl 12 JSG

Folb Grizren 5 wg gl Job slatans SIS gy a0 2 K2 50

JS8 Gl g3 g 3o Ol dne (2055 alralr o) 2 osend
2 L dsb s 5l ilise ol sl & agy dmp S olral
‘—‘51)‘59:%‘5)3*’ g el 2 U85S s wes e plis ‘)2215
el Rl L a5 58 ealin plgoe @SS @ azg b ogdioe
Gl gy s o2 plralr & Glacand aled lp i rdgend
Sl Gl L oS aibioo Sge Gul @ et (nl (S el Wb

<0)940l5 (5 )9Ud 9 pole Ay s

2764



0359405 (5 )9Ud 9 pgle &y jubs

b sl 5 6o 9

s a9l )= )y azme )3 VL A5 re i T LT (6555l oslaiil b (i3 94elS (5L A 93 95L oSiliuwl Juloxs

Table 1 Shell transverse displacement validation (C = T = 0)

(€ =T =0ty 20 plrale i el 1 Jgu

R Method E
a 0.1 0.15
HSDT [20] 98.114 7.431 3.877
3-D [21] 100.59 8.709 4.949
1 CST[21] 99.644 7.37 3.697
FSDT [19] 99.73 7.55 3.87
Present 100.04329 7.424948 3.867368
HSDT [20] 392.853 16.977 6.871
3-D[21] 396.45 18.451 7.724
2 CST[21] 394.37 16.48 6.332
FSDT [19] 394.374 17.01 6.82
Present 396.1829 16.95846 6.865328
HSDT [20] 870.585 22.187 8.001
3-D[21] 875.36 23.381 8.591
3 CST[21] 21.371 7.294
FSDT [19] 872.08 22.27 8.09
Present 874.988 22.16492 7.99456
HSDT [20] 1512.3 24.849 8.489
3-D [21] 1518.3 25.78 8.92
4 CST[21] 1513.6 23.849 7.7
FSDT [19] 1513.6 24.95 8.6
Present 1517.228 24.80597 8.468382
HSDT [30] 2294.2 26.308 8.735
3-D [31] 2301.4 27.061 9.075
5 CST[31] 2295.3 25.2 7.909
FSDT [2] 2295.3 26.44 8.86
Present 2299.104 26.27597 8.722023
HSDT [30] 7370.9 28.541 9.086
3-D [31] 7383.1 28.91 9.2502
10 CST[31] 7370.2 27.26 8.201
FSDT [2] 7371.1 28.75 9.22
Present 7380.165 28.51392 9.071704
HSDT [30] 29.1602 9.178
3-D [31] 16499 29.356 9.266
20 CST([31] 27.831 8.278
FSDT [2] 16484 29.38 9.325
Present 16489.94 29.13336 9.161621
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Fig. 6 The effect of the length scale parameter and moisture variation on 35 4
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Fig. 5 The effect of the length scale parameter and temperature variation

on the nondimensional deflection of the nanoshell
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Table 2The variation of the nondimensional deflection of the nanoshell for several values of the’gl ratio and I with and without considering the shear

effects (Thickness stretching effect)

a
1 (nm) h
5 10 15 20 25 30

0 2410653 2.545862 2.571341 2.581419 2.58844 2.596027
0.1 2315532 2457534 2.484259 2.49479 2.501811 2.509172
0.2 2.067309 2.225166 2.255061 2.266385 2273519 2280314
0.3 1.746614 1.920324 1.953616 1.96596 1.973094 1.979209
0.4 1.424219 1.608801 1.644471 1.657607 1.664628 1.670064
&, =0 0.5 1.138062 1.328079 1.365108 1.378584 1.385605 1.390474
0.6 0.899692 1.091294 1.129003 1.142592 1.149386 1.153916
0.7 0.706618 0.897993 0.935929 0.949517 0.956199 0.960275

0.8 0.551366 0.742515 0.780337 0.793812 0.80038 0.80423
0.9 0.425556 0.617498 0.655207 0.668682 0.675137 0.678874
1 0.321602 0.516827 0.554536 0.567899 0.57424 0.577864

0 3310118 2.769624 2.670539 2.637133 2.623997 2.6206
0.1 3.194161 2.676767 2.581532 2.549372 2.536689 2.533292
0.2 2.891583 2.432395 2.347125 2318136 2.306586 2.303188
0.3 2.500566 2.112039 2.038999 2.013973 2.003782 2.000385
0.4 2.10717 1.784549 1.722947 1.701771 1.692938 1.689654
&, #0 0.5 1.758051 1.489332 1.437355 1.41935 1.41165 1.408592
0.6 1.467817 1.240431 1.195928 1.180414 1.173619 1.170675
0.7 1.233976 1.037392 0.99855 0.984962 0.978847 0.976129

0.8 1.048149 0.8741 0.839448 0.827331 0.821896 0.819291
0.9 0.901164 0.743194 0.711713 0.700616 0.695633 0.693142
1 0.785206 0.637994 0.608891 0.598587 0.593944 0.591566
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