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Fig. 1  The inter-belt division of a continuous structure
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Table 1 The results of displacement based on different discretization schemes
number of elements in displacement  displacement  displacement  displacement  displacement  displacement
one inter-belt n 9o G2 G T3ms2 9om I5m/2

6 1.079 587 13 1.028 968 82  0.862 695 75 0.661 718 34  0.457 97529  0.246 502 32

20 1.051 64520 1.001 27537 0.843 82230 0.644 68559 0.450 983 17  0.241 060 73

80 1.042 87529  0.994 204 37 0.838 738 44  0.641 086 18 0.449 211 05  0.240 249 16

200 1.041 147 27 0.992 879 59  0.837 736 89  0.640 433 46  0.448 861 47  0.240 099 47

300 1.040 764 43 0.992 586 08  0.837 514 98  0.640 288 82  0.448 783 99  0.240 066 28
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B BFEREY N nox n BB R BOZ SR HA R & AR,
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M 2 AT LUE H, BRSBTS A5 RS A A — 1R 25, (HURR T AAR 1 iy i F -y
ZA, B 5E 1T 2m (n = 300 B s = 2m = 10n = 3 000) WA dEE 5 5ROk AT B 47 A5 57
7 S A R A, X OE SR AR SR A BT L
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Table 2 The sum of dual forces after a specific stepping count

number of elements in one inter-belt n stepping once stepping m times stepping 2m times

6 1.000 000 000 000 00 1.000 000 000 000 00 1.000 000 000 000 00
20 0.999 999 999 999 98 0.999 999 999 999 99 0.999 999 999 999 98
80 0.999 999 999 999 89 1.000 000 000 000 00 1.000 000 000 000 00
200 0.999 999 999 999 83 0.999 999 999 999 99 0.999 999 999 999 96
300 1.000 000 000 000 03 1.000 000 000 000 O 0.999 999 999 999 97
3.2 HEEM2

RG] 1 AR —HERiFE, 4. L=3d =3,F =fd = 1,EA = 10, pA = 1;3f Hi¥&#Hlimi8
ARIBES k= 1 05345 B35 S QiR 2 7R 43 AEAS [ B2 e e = 0.05,0.10,0.15,0.20
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Fig. 2 The nonlocal rod with elastic support
F3 R 0T 10 BAE
Table 3 The eigenvalues based on different values of influence domain a
domain of influence a
0.05 0.10 0.15 0.20
Ist order 1.000 000 000 000 1.000 000 000 000 1.000 000 000 000 1.000 000 000 000
2nd order 1.023 398 705 978 1.022 780 500 505 1.022 572 692 191 1.022 466 843 069
3rd order 1.093 589 050 633 1.091 099 968 951 1.090 242 446 987 1.089 782 584 948
4th order 1.210 553 715 546 1.204 892 327 055 1.202 864 394 528 1.201 693 132 425
) 5th order 1.374 263 841 438 1.364 047 514 010 1.360 197 402 102 1.357 775 879 600
elgenvalue 6th order 1.584 679 035 284 1.568 411 590 808 1.561 904 545 513 1.557 440 978 102
7th order 1.841 747 380 283 1.817 786 885 951 1.807 553 759 564 1.799 932 968 240
8th order 2.145 405 448 667 2.111 932 182 126 2.096 618 655 308 2.084 332 463 824
9th order 2.495 578 317 355 2.450 562 943 301 2.428 479 482 288 2.409 556 831 802
10th order 2.892 179 586 426 2.833 351 581 500 2.802 424 194 635 2.774 353 249 391
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Inter-Belt Analysis of the Integral-Form
Nonlocal Constitutive Relation

YAO Zheng, ZHENG Chang-liang
( Transportation Equipment and Ocean Engineering College,

Dalian Maritime University, Dalian, Liaoning 116026, P.R.China)

Abstract. Based on the Hamilton theory, the constitutive relation was investigated for the non-
local linear elasticity originally proposed by Eringen. Eringen’ s nonlocal equations can be writ-
ten in the integral form and the differential form. The differential form with the relatively simple
mathematical formulation, had been widely used in recent years. For the integral form of the
nonlocal elastic theory, solving the integro-differential equations was challenging for numerical
process. In the analytical structural mechanics, the integro-differential equations in time-delay
problems had been solved with the inter-belt theory. According to the simulative relations be-
tween the analytical dynamics and the analytical structural mechanics, the inter-belt theory was
introduced into the integral-form constitutive equations of the nonlocal theory, and hence the
integro-differential equations were numerically solved with high precision. Then the fundamental
theory and computational algorithm were applied to dynamic problems of nonlocal rod vibra-
tion. The numerical experiments demonstrate validity of the present method and potential of the

symplectic system algorithm in solving nonlocal mechanics problems.

Key words: nonlocal theory; integro-differential equation; inter-belt analysis; symplectic algo-
rithm
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