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#igd, R MEMRRE R (Burgers K b), T
SRR (Wi i R~ K%

HAL b, RWNAER AT LLX PG 1O

y= 2= SR e (29)

Hep, No RACEEEHE. b R5E Burgers RETENAR
FHEWE. TR, Burgers KE b, NI
R R, S BT AR A (R RN,
T MR AR, AR, R RO I —
AMRIE R 13572

—4iE, HPRR R, HOUZ R LR
B SHFI R K BT TE. 4 P R B SRS
B LT A 22 00 62 2

6.2 EWMSHMAEIRENTES

- BB R EARRE), AR, FEH A
BT AR RUBE, FRAT 075 2 ol 1 e S i 25 )
VNN % g i

B T T RO & B AL 2 B LA AR T A
G, X AR, AT IS MR
RANFTHE S 89, LLRHNAR & A 5 B R A A
R 25 RUEHD. A, BATHELER, X1
HIERERE, SRR 1l

BT BRI AR T EAEESER R
FETRAR, XRFBAIAHTEHUGER TR
bl S

907, 08, 0

aT ar ar N
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8D g
+u

_av 1 _
aT 14+¢e*¢ OX  De*

(41)

LLETTRe, B« MAEERMETERLMA
—LH, R, £ O(1) KA.
Jife (42) TR (43) HP IR BRERZXFE X

i
* 0*5
W& Deborah %f: Dr = nA‘f/* (42)
I f1i% Deborah #{: De* = %
B De=——m (43)
Ln},C*4

AT (40)~ FFR (43) o, o REHLUDH,
e REIAMIE o* XBIORAE (¢ = o*/E), E =

poo® RATHHIAHRE, 5 = ax [ nC?a0 =
* *4
"WET0(1) = D*O() RS 5 i

AR BOA AL, AR5 VR K I R
REEE R = C*/L 314 B E3ss i,
REERRBRE. Lk L, NS Deborah % De*
BEBREL C*/L FIERELL V*/a WA S, FAH
PR o FRBEIOR S L REWRENE, iR
HR C* MGy RS V: RAOURENE,
JiREL, De* B—/MEMFFHIBERELTENSH, 5H
EHARLEREAAFR. 75—HH, De* =ty/tim
FoRMERGY B MEER 8] tv = OV, SENE
T EEIRT At = L/a BOHCHE. B, EERT EW
R 7 NS A RAR G T R 2 A S A
F R EHMFHEOEHIT, Det < 1, X B
T RN 7 0 ndg, R E B SR Ry R, B
U, AR R R R R AL

WEL Deborah %t D* X% T IR AT B
X PN AE BB 2 A . BRT, 6 FNEL Deb-
orah ¥, 5 4 SFEERIH. Bk, D' T HMRG
R R PR WG/ P BB 40 WL 5 B T R R Y
b, sZfr b, D* =ty /tn, Hep, IR REEMT B
HISAERT AN 23 Aty = (ny C™4) ™1 il ty = C* V™.
5 2, WE Deborah S T — MEMEMRGi&, BT

D(t, x) :/ n(t,z,C) -7-dC =
0

* *5 OO B éf ~3 _
e / AindGy / e
14 0

o (44)

EXME YT, BRERE C* FIEEER ny
TEEM AR b & SOt 5 A 8 S PE B 8 b Burgers
KR b MR pa KIE UL 5 3, aTL
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HeZ, D S5KAEFUB G RI AN F B4
g 4017] spps b FEROE R R, R R
HIE RAROT AL N (1072 ~ 1073), k2 Y D
Y. B, N D BEESBEMHIDMELI, #1565
ALHIRE B AEHUR AT L2810, XA T AT AR
TR R B R R B 0, mnATR A & RE
E‘]ﬁ*ﬁ‘ﬁ& [115,116]'

HHE kR, EEHEXANEES, BFTRANE
WER 3 AMESE X 3 AMYELIERE 3 A4
RFRBRR B N A ER B R tin =
L/a~10"%, HUEIRG K RIRE tv =
(nyC*4)~t ~107%s, 40 WL B 5 b JR A F I R 8%
ty = C*/V* ~ 107%. X 3 -t (A R BEAT LLJE AL
FANMOLIY, JEHIES R AR &) Deborah #. X
B, X 3 MEEZEESEXREBENIE. ¥
B, XNEEEMRAROLEI LRRE, 2R
2 (10'2~10%%) Hz 157 R BE B 4 AR B SR A
M SR EE, W HX AR LR EA17E
WL VX B TP 24 38 LA 4 R S 3 2 1 T 2 7 S AR
i BEFLT R R,

6.3 EIS5LRMMYBIAF &

tj Deborah &I 2R BAR, AimEA5IA
i¥] Barenblatt fir4 i it BRI (17), S IE
BV Eh 49

Ky ™~ (45)

L Xo, g
7-(1 — D) do,

Tim

Hr, m BREVHHERBIRE. TR, XAMHESD
EHEREREGNTRNSHE
A2 /T, K
ﬁ//“;-; : pe (46)
XERT EMNSHYUK T BN ZER— 18
%, ESNEORMARRE nn 2R H RN
S EIFFIEISIE) 7 1K) (L/X)% fif. X AT RE SR MR
RATHZER R H.
B2, TEEWMAMBEIX L5 A R §oE
B, REENEARKERN R, BREREKEE
MR ENY SR E .

6.4 FHHMAEH

TR B A — S SRR A 1K 2 I =5 RUBE A
FEE A, Ko BRI R B 45 M K R LR
B RBERRG A EEM R 1 X TR R R
MEEIRBSIAR. Fln, & T 05 RS #
R (R RY R, FMtEEEERY R, EY R
HERE), ZRE, FMRIBEBERBL. KT
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JUIRTRNZ F 22 AU, S5 % s Ak AR LS. fL
AR RIETE E N AL, (RPRR R TR 15 %
AL RS B AE B XA, — R EERE
B4R AE B R Thicle HE% ¢ 1119,

Thiele REHHT A R 10 RN -5 5 #0227l H A
S BB

¢ =T0 KC-;AET-l (47)
Hep, ro ZERBERIKYRE, K ERNEFE,
Ca; REMKE, D BYHEH, m ERNE

#. BSR, Thicle BHPA - MHRKERE,
R NI 4R o, (HBA EMR A L. 4R,
Thicle FEHE R T — L MELRERE, XMRER
K EAFEER. B, Thiele MK ELERT
AT R~ ro 502 N BT R A L 2
FFREFRR, . HFRRE
D;
Koyt

e =

(48)

H A VL4 B R IR R — A B
TAIT A R PR LB 1R R IR T B H LR 4 g
F PRI R 53— A7, RIS A FEIR

j{j [120]
lez,/Ah;JSQ (49)

Hep v BREGMHESE, 87 250R8N )
By RAE .

Bk, BA IR LR S ES It akaT
BERS RN - I B RS — AN RHE, JFH, B
(I RILS B R B 5 R SR S 4 B F L, RS
5 BRI AR A b (421

W E 2, WL 5 A 4 T LUk
¥ RER A I — B pLE

BEENR, AV H PRI 4 M FRAR T
A A B2 R ) (5 R PR 4 T LB, IF
WAV B, LY, £ RS SN
b BA R, B, wiTARRER ERRY
2 RS RS X ERER— A A
BRI T 4R 122,

7 RUBBREMBRERHEE

“ERTREMMR, BETEILHEEREN,
TR ARE, EEUETRA AR
Bt LE NP as 2o EEAE B E
b AL B BOR R IR AN AR (T,
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ERGEH AR AR 12 T RE AT LA B kAT Ak 2
P SBR[, B RN AR KA AR
ROGAS. JIFRE Y RFIRE RN, Rt
MAMREZIE MR & RERE, BATHE L&
R T it A 2 RV AR P-4 5 AR B AE 18T R

FAC b, B R AR IR T A R B
it ANR BRI AR BRI AR. X Pt — 1R
R, KA/ s E AT B IR R R
B SKBR b, ALK T IS KB T AR AL 5T 5 2
KT iR ERRAED, AR
WP, AEATHN, BAMOARA 6.

7.1 EAME

TRUH 2, [0 B R AR K S UL T AL AR5
SIPERI RS, FF B Bh A A AR I
HEEMEM. Bl R m R 27075 gl e
o-c MAREGH, HE, MERIBOMM, ek
)22 SRR (R bR LT B0 (i BRI, I HLA
ARRBAT AR E T AER B, X RIE R TREA
AR, FEAE R H iR AR SR A A AT
ABIEE, U, FEARIRE A Z BB R8T A
W B ERE, REEMRAERN LR TS —HH.
LSBT BB A R — AN EEFIE: FRAME

(sample specifity, SS) [71,123]

BALFEBUKR R AR TR AR R .
Curtinl?! B Curtin #1 Scher(?®) 34245 &1k
RRUAT AT THEFERL, MAORBERERT
RMEE S AT B LT AR LA RS R A R
&, HEBIARERPIREESFERAR S, 5t
il TR AR KRR O T A AR
Gi it AL T BT L AR AR AE B = 4T, ATRER 2T
FE R BUT R A B BRI 1 4340, IXAETR 2 446
ZISTEITMEE A

7.2 BRERE

A —A e IR g, HRSRERET
ERIRIERE, B2, BTl i, HAZ B Ph
BTAUZ IR RN ZE RS R AR, [E I, #)
UH AR 2 AN AR A B ) S DR K AR AR AR A
PERI AR, XS R AR (712120 Rt
AR 5 PSR ) SEREL AT B R A e LA
MR8, BEGE S0 S AE IR /NS, sk
R, Hamming JEELJLF AT (I 6) B W5 4B
BB, SRR b, 3XNRY R R A AR
BRI X A FEA R G F R 8 CEWZE
- 300 -
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IKEPEED) . LT AR QISR A (4R IRt
fiiid) . BE2AHFH Hamming fEES (35 N & T
B, ot AL A £ 3 A RS R A R, EATTHE Bt
RN FECEER BRI P RITANRAR. X2
TR FALES R URE ) A

Sahimi fl Arbabil'?6] 545 s iR T X LR
HEMN  “EXBFNTEABARRERFR, X
SRR R F, TR, HR [a) F B B 438 1) RS B I A 2.
e R, TRMAERE T HREER. B
R, BIGE/NE, 06 H B 0740 BT BE Rk 58 ZUH AL
K. XA CA — A TP R R A R AR
%, L b, 448 X EARRIRE AR R a4
TR, TCREHE TR R T B R R R H K
Sk, BT E, PR iES A
i1, REARL I R R AT AR R AT A
EAEH, bR b, AN M. kEEEER, R
RIECE N N

X0X00X000X00000X0C000000X000000000
x@x%....

xxxRRx. . ..

xxxxxxORBx....

oo xorxxx RRRRK ...

oo xxxxxaxx DREDRREERK .. ..
XCXXXXXEXEXNX XXX T3 XxX PP DRXDDED ...

4

(a) *f & F BRI EH (O Fibonacci ) (1,
2, 3, 5v 3, 13» 20, -- )) B‘]T&%&ﬁ&

X0X0X0000X000000X00000000X00000000000000
x &% 0X0000X000000X00000000X00000000000000

XX'X@XOOOOXOOOOOOXOOOOO000x00000000000000
X1XXX0000X000000X 3000 0000X00000000000000

(b) R F— M AES
6[71]

7.3 RHEMBHNR

B L, WEIEN R RS, WinE fREARTE#
RIOHL T RO RES, ATLL A4 1 RE R e 4 im 1127,
AR FTLARE SCRCAH 542 A8 1 4 T BN B T LA
HRGA RN, FFHIE, MASHSREK R
FHFCFERH) B ) AUBORUR T4 R R A T, AR
KA SR, RAERTREAE AR RS LA, MR
JeE 9 AR AT LURZ T AL, TR WE AR
LRI RAIMM TR AERE, SAFRA
A AN, Rl R A ARy SR, R
HEMAAF . Zhang S5 — M1 ME T 4585t

4

T T I R
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TR 15 13 153 A MR R i 1128,

XF T A WS R L. Weibull 437 1) JE 345 Bl
eI, R FEIAET, BRSNS oo- B
A e KAATLLFRR R

oo = ¢ exp(—¢”) (50)

I 4 SN AT SR (R I, A A A I 0 0L P
TEAE FIRER UM AR, AR T RERG M, e AT HEv
A TR, XML, FEATTLIRE 7 B 8 40
—EBor, MOIAERE, RRESRE, M, &
MIFTCAE R EPE B RE AL, 55— 305y, MR ICEX 0
THIRER I SCRE, FORARERTE, BnakEi R M
5 JT R B S BERE O TR A FP R SR AR A R 4 T 7R
EWRER, BIEESMIRD RGN (MR, &
HINFMAGER), AR ER g X A&
AT LU

Ef ‘f = &€ max (51)

£, B, e RRBOTHIGARE, 0< €=
(Lo~ Lg)/Lol/? < 1 RRSFH, Lo #1 Ly 41312
FEA I RAF AR R R ST

MIZA AT LB AT R H, RO B i 57 SR R
T RS HE, 3 53t 38 B AT A 7 2t A 7 7 B
MM ARRIIETT Z ARk, SEbR b, X RS R i s 57
PRSP Z R — DA ER R, XA E
PR R R TE T HATRGE S He, W0 M B AR AR R
AMAART, BAVFEEREA K00 -4 5B k. 5
e b, BRAFRLETAAMMAER, m, MU
iy Al o A R L FT  BURRE A N BN T Bk, AT
AEE AR ML TI0M 25 2.

7.4 IEFGE (critical sensitivity, CS)

“FE CBIIRT 3R, LLARE LT i e P R,
R, AEEREBERTE R, R EAE
At B A B SRR A5 75 1 R AR R e 5 EL TR F B E
Jiikmgge. P SERR b, B TR BRI A
A, B REBURME, LU RE KR, FAF
WHRMAEN P& HECE MU R R A
R, HILPARER IS4 B E T R R
T, AR, FATHEM LA 4 AT X L 5 A F) R
WE? HuifF, iSRS T LA kX 2 (A R AR
ﬁ%“%ﬁ}ﬁﬁ [71,125,128'\4130]‘

AR RS, RS TTh, YRS
LKA, RGEXSFEHZE (5 R
By AR B AR BUR. T RETETE A T AR 6 W
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FBURMER G . 0, SRk aT DL SOt (7122
g AE'/Ac’
= AL/Ao

K, Ao fll Ac’ BEM GIREHSE) &,
HH Ac' > Ao, AE F1 AE' 4332 Ac F1 Ao’ Fr
FHNEREEN. B2, AHAEREENRES
mf, S WEHM (B 7). TR, WREsHEaEmg
RO 1 B AR AT ), o SR g T A A SR A
TRt R, X MES DTS AR E
Wi L, Of BERRBA RS 1

BJG, BAAEEE, M EERIEE, ISR
LATE B BATER AR A B B 15 RUBEAR 45, IR —A
FEBEBOREN AR, BAMRATEERR, &
A,

354

(52)

30 1
251
204

"
15+

10 1

54

0 v v g r
0.001 0.01 0.1 1 10

P/

7 PG (cluster mean field, CMF) BERIR IR
UM (N = 10000, 8 = 2)1125]

8 EETL

MixkSgrid, AT LAMMELT PEIR.

XL E & AN A I B 2 R I B S A AR T R
TELEIB. XX TS A E & F %0
JEHANM. R0, RIUEE SR T SR B,
T SRR EM XS S F i A T AR U, IRk, A
Hh & i 23 ROBEAR 6 ) R R T P A AR
CHBY MRAE R EE L ATEREERANE
ANBYIRVFH 23 [ RBE M5 ROPBEFRIBHE R, 020 P I 24
B PR R AT 5 R T AR T .

[ 4 A3 % rp L 5 2 A8 B I S ROBE I (] R Y
FANME A T B AR S i 2 kv B Bi4E, JFH
ARABER EHERELAEER AR, XL
FRUBE o] B8 5 AR AR %), AR L RA YA
e, TERERSERSHWEAR. Bk, £2R/HF
¥y, ARG, sUE RSN A E AR, BTN A
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FBTHGE I .

Bk BA SFEROAUZRMEE. AR
ksl J1E B R A A R R M ERIE, A SR AR
W12 g SE AR B ] RE TR A B R i A TR ACE
BOXEIRSCR T SR ISR, R AT
MRS, MR, EHRAWRESHEE
WAT A B ONE, URENKERBETREL.

X T B RPEAR AL, (8% - 7R LA S I AR A

RIE. 2R RERARZREEER G R, RRERR
AR R #R i o 1) RUSEA A WL R PR At 1 A A
PR B ) DA R B R R B A R L TR
SN F RS BT ERR, 6% TN
F135 SR G RERMER A SRR R —
MEER T T HBERFF — B, Deb-
orah ¥, LA UL ANIEIRERIL, REHIER
lE3vgib R {LSE

A5 AL 1Y s RO AR 2 R B S AR X K R 3
WA H 5 RS R PERURIE. R I REAAE (SS)
AR, A T I AL AR, h AR a B
BRI R AR ER.

Lk v 5 40 U 0 5 O T W T G o Ak R
AIFEFEE R RUE E RS, BRI ETRE
ZE AT AR BORAE, ESARNIY B RE
WA TTTE, LIRS A & f8 R A RPLE.
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STATISTICAL MESOMECHANICS OF SOLID, LINKING
COUPLED MULTIPLE SPACE AND TIME SCALES*
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Abstract This review begins with the description of a new challenge in solid mechanics: multiphysics and
nultiscale coupling, and its current situations. By taking spallation as an example, it is illustrated that the
fundamental difficulty in these multiscale nonequilibrium problems is due to the hierarchy and evolution of mi-
crostructures with various physics and rates at various length levels in solids. Then, some distinctive thoughts
to pinpoint the obstacles and outcome are outlined. Section 3 highlights some paradigms of statistical averaging
and new thoughts to deal with the problems involving multiple space and time scales, in particular the nonequi-
librium damage evolution to macroscopic failure. In Sec.4, several frameworks of mesomechanics linking multiple
space and time scales, like dislocation theory, physical mesomechanics, Weibull theory, and stochastic theory,
are briefly reviewed and the mechanisms underlying the trans-scale coupling are elucidated. Then we turn to the
frameworks mainly concerning damage evolution in Sec.5, namely, statistical microdamage mechanics and its
trans-scale approximation. Based on various trans-scale frameworks, some possible mechanisms governing the
trans-scale coupling are reviewed and compared in Sec.6. Since the insight into the very catastrophic transition
at failure is closely related to strong trans-scale coupling, some new concepts on nonequilibrium and strong

interaction are discussed in Sec.7. Finally, this review is concluded with a short summary and some suggestions.

Keywords statistical mesomechanics, multiple space and time scales, coupling of multiple physics, trans-scale

correlation
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