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STUDY ON DISPERSION BEHAVIOR AND BAND GAP IN GRANULAR MATERIALS
BASED ON A MICROMORPHIC MODEL ¥

Xiu Chenxi Chu Xihu@
(Department of Engineering MechanicS$chool of Civil Engineering, Wuhan UniversityVuhan430072 Ching)

Abstract The design of metamaterials is paid more attention to control the behaviors of the wave propagation based or
response characteristics of shock and wave in granular materials, and it requires in-depth understanding of the propagatic
mechanism and control mechanism of waves for granular materials. The dispersion behavior and frequency band gap ¢
granular materials are closely related to the heterogeneity. Generally, the dispersion behavior and frequency band gap a
based on the elastic theory framework to establish a generalized continuum model including the microstructural continuur
or the high order gradient continuum. This study proposes a micromorphic continuum model based on micromechanics
for granular materials. In this model, the translation and the rotation of particles are taken into consideration, and the
relative motion between particles is decomposed into two parts: the macroscopic mean motion and the microscopic actuz
motion. Based on this decomposition, a complete pattern of deformation is obtained. The macroscopic deformation
energy is defined by a summation of the microscopic deformation energy at each contact. As a result, the micromorphic
constitutive relation can be derived, and the corresponding constitutive modulus can be derived by microscopic parametet
in terms of contact dfiness parameters and microscopic geometric parameters. The proposed model investigates the
propagation of waves in an elastic granular medium, give dispersion curvesfiienedt waves such as longitudinal,
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transverse and rotational waves and predict the frequency band gap. It proves that the proposed model has the ability

describe dispersion behaviors and predict the frequency band gap in granular materials.
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Fig. 1 Material pointP and its microstructural volume element
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3, 1 (58) ~ 2 (60) %k £ HHE w KRR LK
o, FARIIARIEARLS . th TR B BL & )[R,
i (56) 530 (57) KRB IIIRZEAHER. 4 ¢=0, I
R ATl AR AR A

(A)/(B) K Im By D)

We=0 = W2 (61)

(C) F I Jig e

weo = { “s (62)
w4
(D) Hip

w>

We=0 = | w3 (63)

(E) A
w1

We=0 = { W2 (64)
0

Jerb, B EUESR WK EV NS w1 > wo > w3 >
Wy > o, E_

_ IZNV m
w1 = WKH (65&)
12Ny 2K + 3K™
W = 4 /p, 5 (65b)

PNy
wa = [ KA (65¢)
12Ny 2r2KR + 3GR + 2GR + 3G + 2G¢
Wy = Y W n w n W (65d)
p'd? 10

X FAT PR UL, 0 R 48 b A 2 1 o =5
I WA R 1) 7 (acoustic wave)s B
AEZ ML (optical wave). WTL (61) ~ . (64) 1] LA
BRI, BEP P — PR BN 4
&, BT R AT A G &, B B D) R
AN —40 60 eAh, AR 5 oz fl R 11
MMMSHAHC, HFEAN IO Z2 0, Fr ik A8
h K.

6 HR5WE

b A HE T TR ) B A I R A
B PPAHOTHE, WSO R, T DURAR i
5 AR IO R . WA R v LA B, IO
5 A HO O, 305 K VE, T 4R (PR
PRI T — B2 [ #5224 10 ~1 000 MN/m &
G, ) ) A X B A V25 [ B A 9 5 1) 0.5 1%, ¥R B))
MIEEECA 100 Nm 2. FRIRHFFH, Jikr i RO
BCh LmmEg. ASCIEEU S 50K B Misra 55 1114
FE 128, gk 1 R, WA, ESChEaER AR
SR wy = 819x 1Prads, w, = 6.86x 10°rads,
w3 =5.74x 10°rads, w4 = 77.5radgs.

* 1 AUSHEE

Table 1 Values of micro parameters

Parameters Values Parameters Values Parameters Values
I, d 10°3m KM 200 MN/m KM 100 MN'm
r 05x10°%m Km 200 MN/m K 100 MN'm
Ny 10°3m KR 0.02 MN/m KR 0.01 MN/m
0 1570kgm® GR 2x 108 MN-m GR 108 MN-m
o 3000 kgm? G§ 2x 108 MN-m G 108 MN-m

Bl 3 23l g T s ) BY DI L A ) g e
e BEDE Pk AL 2. I 3(a) v LA 2, X
TR B DR, A — 4 5P E G A
HUthel, AR SHEE T, LB ECh 2 K, 5
Ih¥8 4 6.86x 1P rad's, TREFEUIAE AL, Bl
I R BEAL I ATR ) 6.86x10° rad's [ [ BT LIk
[FIFEH, 751 3(b) i, 8 i et B th B A — & P
(G B R 2, CREFAE N 5.74x 1P rad's, Ik

A&, MPEER N, AN (T 80rads) H
RT3 9 1) X I 26 R e (P i 2, 3R AR
5.74x1CP rad's 55 0~77.5 rads [FE 7] g #s i G AL 4.
M 3(c) iy U 3, B B TSt 2k 55 1 5%
ARSIV SE R IR 0, B ik B 7.26 x 10° rad's;

552 ZME N O TF U Bt i B K et 3, 5 I
PRI, SRR B WA AL F] 4.46 x 1P rad's; &5 3
S A (HIEIEAR) S 5.74 x 10°Prads, FliJ5
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WA K TA B FEE AR 6.34x 1P rads; o) 4 4%t
UEAIE N 6.86x 1P rad's, [ o tRuadiHh 2 X i e X4
Ko TLLER], B2 &5 34 MEkzm. F34%5
% 4 S M 10 73 A — AT, IR B A AT
PR I, R R (R AT B 4.46x10° ~
5.74x 10Prads 5 6.34x10° ~ 6.86x 10°rad's. X T-Z
B, ikl 3(d), AT 3 Mg, BR ARSI
Mg sh, AR R A [|] . 5 1 2 At
LIk B E SR 5.13% 10Prad's, 55 2 44k i 2 1)
B\ 6.86x 1P rags 4Ky 7.75x 1P rad's, % 3 4«
MBIy 8.19% 10 rad's 0 il e X peidi sk,
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Fig. 3 Dispersion curves for transverse shear wave, transverse rotational wave, transverse wave and longitudinal wave
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