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ABSTRACT

Modified continuum models have been the essence of much attention in nano-mechanics through their
computational efficiency and the capability to produce accurate results which are comparable to the
atomistic models ones. As the dimensions of a structure approach to the nano-scale, the classical
continuum theory has not the capability to predict the behavior of nanostructures due to the size-
dependent of their properties which is known as size-effects. In this work, the bending behavior of

Keywords: i - o st y ; e
N?no—bcam nano-beams with common sets of boundary conditions is investigated using state-space modeling on the
Bending Analysis basis of nonlocal beam theories. Both uniform load and point load are considered in this study. To this
Beam theory

end, Eringen’s equations of nonlocal elasticity are incorporated into the classical beam theories namely
as Euler-Bernoulli beam theory (EBT) and Timoshenko beam theory (TBT). The maximum deflection
of nano-beams corresponding to each set of boundary conditions is obtained using state variables and
matrix algebra. The results are presented for different geometric parameters, boundary conditions, and
the values of nonlocal parameter to show the effects of each distinctly. It is found that the non-
dimensional maximum deflection corresponding to all boundary conditions and both loading cases will
be increased for higher values of nonlocal parameter which show this fact that with increasing the
nonlocal parameter, the stiffness of nano-beam decreases.
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Table 3 Non-dimensional maximum deflection under point clamped- Table 1 Non-dimensional maximum deflection under point load for
simply supported nanobeams simply supported-simply supported nanobeams
L/h u EBT TBT L/h I EBT TBT
0 33.3332 34.4898 0 0.5208 0.5372
0.5 35.7830 40.2743 05 0.5592 0.6273
1 38.3348 465124 1 0.5985 0.7258
10 15 40.7587 52.3049 10 15 0.6368 0.8147
2 43.2745 58.4356 2 0.6761 0.9102
2.5 45,7331 64.0763 25 0.7145 0.9980
3 48.2457 70.0451 3 0.7538 1.0912
0 33.3632 33.7251 0 0.5208 0.5252
20 05 33.9530 34.2823 0.5 0.5315 0.5386
1 34.5769 35.3530 1 0.5402 0.5521
15 35.1966 36.2102 20 15 0.5498 0.5655
2 35.8205 37.0809 2 0.5596 0.5791
2.5 36.4386 37.9381 25 0.5692 0.5924
3 37.0527 38.8087 3 0.5790 0.6061
0 33.3332 33.3539 0 0.5208 0.5216
0.5 33.4349 334588 0.5 0.5223 0.5232
1 33.5344 33.5652 1 0.5239 0.5230
50 15 33.5823 33.6671 50 15 0.5256 0.5265
2 33.7324 33.7735 2 0.5270 0.5281
25 33.8314 33.8814 25 0.5285 0.5298
3 33.9320 33.9893 3 0.5301 0.5315
lala b S0 Lane 155 54T (gl Lopigiliow o 5 Slao 4 Jyur lebaii s Sod faden Lae slia S (gl bayigl wm o 5o 251022 Jgur
Table 4 Non-dimensional maximum deflection under point load for Table 2 Non-dimensional maximum deflection under point load for
clamped-free nanobeams clamped-clamped nanobeams
L/h U EBT TBT L/h U EBT TBT
0 09316 0.9619 0 2.0832 2.1577
05 0.9999 1.1232 05 2.2383 2.5195
1 1.0705 1.2994 1 23939 2.9148
4 15 1.1390 1.4587 10 15 2.5473 3.2721
2 1.2092 1.6299 2 2.7045 3.6557
25 1.2781 1.7925 25 2.8581 4.0086
3 1.3483 1.9536 3 3.0152 4.3820
0 0.9316 0.9397 0 2.0832 2.1036
05 0.9487 0.9636 05 2.1219 2.1572
1 0.9663 0.9879 1 2.1609 22117
2 15 0.9837 1.0120 20 15 2.1996 2.2653
2 1.0011 1.0363 2 22387 2.3198
25 1.0182 1.0602 25 22773 2.3734
3 1.0412 1.0845 3 23163 24278
0 09316 0.9459 0 2.0832 2.0866
05 0.9343 0.9360 0.5 2.0893 2.0931
1 0.9372 0.9389 1 2.0958 2.0998
o 15 09399 0.9417 5 15 2.1020 2.1062
2 0.9428 0.9448 2 2.1081 2.1128
25 0.9455 0.9478 25 21143 2.1196
3 0.9482 0.9507 3 2.1206 2.1263
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Table 7 Non-dimensional maximum deflection under uniform load for Table 5 Non-dimensional maximum deflection under uniform load for
clamped-simply supported nanobeams simply supported-simply supported nanobeams

L/h 7 EBT TBT L/h u EBT TBT
0 12.4998 12.8226 0 0.2604 0.2665
0.5 13.1457 13.5139 0.5 0.2738 0.2809
1 13.7912 14.2054 1 0.2872 0.2953
o 1.5 14.4367 14.7625 i 1.5 0.3007 0.3097
2 15.0830 15.4477 2 0.3141 0.3240
25 15.7285 16.2795 2.5 0.3276 0.3384
3 16.3748 16.9709 3 0.3411 0.3527
0 12.4998 12.5831 0 0.2604 0.2621
0.5 12.6603 12.7478 0.5 0.2637 0.2655
1 12.8221 12.9126 1 0.2671 0.2689
2 1.5 12.9830 13.0772 o 1.5 0.2705 0.2724
2 13.1448 13.2419 2 0.2738 0.2757
2.5 13.3057 13.4066 2.5 0.2772 0.2793
3 13.4685 13.5713 3 0.2805 0.2826
0 12.4998 12.5127 0 0.2604 0.2606
0.5 12.5241 12.5393 0.5 0.2609 0.2612
1 12.5508 12.5641 1 0.2614 0.2617
0 15 12,5755 12,5898 0 15 02620 02623
2 12.6031 12.6164 2 0.2625 0.2628
2.5 12.6288 12.6422 2.5 0.2631 0.2634
3 12.6545 12.6687 3 0.2636 0.2639
078 o 2 Jai Jo o8 NS gl layiglh a5 208 Sz e b St i ke oSS gl o an g 525 5han 6 Jgan
Table 8 Non-dimensional maximum deflection under uniform load for Table 6 Non-dimensional maximum deflection under uniform load for
clamped-free nanobeams clamped-clamped nanobeams
L/h i EBT TBT LIk I EBT TBT
0 0.5404 0.5539 0 1.3130 1.3483
0.5 0.5684 0.5837 0.5 1.3809 1.4210
1 0.5963 0.6136 1 1.4487 1.4937
o 1:5 0.6245 0.6434 30 15 1.5165 1.5664
2 0.6522 0.6733 2 1.5844 1.6391
25 0.6801 0.7031 25 1.6522 1.7118
3 0.7081 0.7330 3 1.7201 1.7845
0 0.5404 0.5440 0 1.3130 1.3218
0.5 0.5475 0.5512 0.5 1.3299 1.3391
1 0.5544 0.5583 1 1.3469 1.3564
20 1.5 0.5614 0.5654 20 15 1.3638 1.3737
2 0.5685 0.5725 2 1.3808 1.3910
2.5 0.5756 0.5798 25 1.3977 1.4083
3 0.5824 0.5868 3 1.4148 1.4256
0 0.5404 0.5410 0 1.3130 1.3144
0.5 0.5416 0.5422 0.5 1.3156 1.3172
1 0.5427 0.5432 1 1.3184 1.3198
o 1.5 0.5438 0.5443 ol 15 1.3210 1.3225
2 0.5450 0.5455 2 1.3239 1.3253
25 0.5461 0.5466 25 1.3266 1.3280
3 0.5472 0.5478 3 1.3293 1.3308
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