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Abstract: Several physical models of hysteretic nonlinear elasticity of rock are introduced. The
Hertz grain contact model is a typical model with multi-scale and hysteretic behavior, which
predicts strong nonlinearity in rocks. The soft adhesion system almost determines the mechanical
properties of rock, and the fluid in the system has great contribution to nonlinear response. How-
ever, how the adhesion system and the pore fluid affect the nonlinear response remains unclear.
The GL model based on metal dislocation is a physical model, which is a pioneering microscope
model in hysteretic dynamic behaviour. The PM model is a phenomenological model based on
mesoscopic elastic units in rock, which is important in understanding the mechanism and extent of
hysteretic nonlinearity in rocks.

Key words: Nonlinear elasticity; Hysteresis; Physical mechanism; Rock; Response; Adhesion

system

R B :2011-03-13

ESTH . BE¥RE L 2R S EHMAMTES (200805331115); ERABREREZRALAUBR BT BRKEAREN M E
(20041138); AL B BRREENHES

EEmAAE HAQ71I), BOUE, RE%REA, BL, LHiE, TENFHRE BRILEES T HKOTR LE.



300 ot o E

¥ % ¥ 33

0 Fl&E

s A IR RN AT FE RIS
B VT T2 LA T AR AR T R A I AN A R B 2
wREALR LR M ELES AR,
EREMMERELLARENHHBEERES. 4
BEARNT YBRASGREEFREN. A60FLE
& BURLIR) M e B LI 4R, AT [ i K 45
AR —BIP R . BB BN E R K,
5 B A E BT B/N  K S N BRI BB, 3%
BIEAE AN R R R HAERAN 2R
B HEEEY R, XSG HERPESEHR . B
WEER G s 1 UKL, k55 B 4 A R4 ) AL 4 TR R
GMAFASEHERRE., S0P EERRELMER
KERBLZ, N EREHEERK, & AR
MR S HERFI S WEEMERXK. BER
SR T A A M SN ER, B R Z B B
AT BEK ¥ & A B ) F SR s K, JLE AT LA
WREMNRE T EAKIEERS . AaRNHEH
B B HAERN, RUE A BLKHME, TR
LM, BT EARFROANE, TFIELREAF
TR R B, SRR MR (18
B DU 3 F R R R A R U R B
S 19 IF 2 B 5 R AR B TE N A S N ) 2 () R A A
WEST . REGBERER NS RGP BRIk
LA N TR B B L ER RS R G AL
DA ST 38 2 an ey B wr A 2R M ma B Y, H AT IE B 1
BE.

FHOX LRI HEATANYEILSZ HAE R A
B\ . HARE SR, A S & A 3 e L
50 SERD A W A R B 2 B LR A KB, A
ARBEEEREERFRAMEE BRBENS
ROMARXETHAEE ., S AHNEBHKEREX
BB LB Y SR A AR ) 2+ U . B,
TE R A BIRG 45 R G i e B 8 K B JRER R e
.

HAE SN YEERLIS TR AR E 5 A
KRR, 2OENHIA TR EER, QRIS
A £ 1 e B SO AT 2

FEAR G2 B A IR b, A B AR 4R A B i R 1Y
RETHNERTENRIFXREREME (CH =
FOARLME N S — AR RS TR, M TEREN
REE R IT, N ) — PR R A LAE B

o= M+Be* +8e* + ) (D

Hob ME#MEER g Mo RIFEMHRE. BEX
FHA W5 I3 T R Bt BR AT R R UL, AN A 6 R
RSB BERMEIE. ¥ LN H T RIRE
KB EE . YA FRZ YR EG ERR, AT
EIREBHREERE: HREESHBE N LRIE
HIAEfb T AR L, ERFRERE L, XM ERT
WEAT R X FR S AT 0 S5 AU B G M AR AT B & 18
Bh (BB R MIBEAS B ) A G, PR AH 56 1 BE BE AL 1
TER KR (1~106 Hz) JJEE (300~3 800 K) |
MAFREE (e~10° ~10 OB N T B XE, H
THRBEIEEL LNAIFIREABSMIBTIT N
B R AR RL,

1 B0k A Y

B P PSR A R 5 A AR 2 M O AR B R 6 2 UL 2
AL, ERIEAEAEN T ROEMBBENRLEE
FREO (1D, xS fh L 2K 50 bE 6 — KL A B B 4K
B2, RLTE A B A HE 2 3 g o PO Bl £ 2
fER. EXMERIF, A LR R PR ELET
Hfh EZBIEE S F BERT P B0 TE 3 A
A ERETRERE., @& (B 0 E L
ZEMEED A& A KT

A= <3(iE—‘I;1;fZ)F)Z"‘

K E bR 17 LR 5o I A B s R R SURL K

4
2.

(2)

lF

/

2(R-A)

tr
Bl #EgmEl sy
Fig. 1 Sketch of the Hertz contact model.
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Fig. 2 The constitutive relation of JKR contact model.
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Fig. 4 Sketch of HMU hysteresis.
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