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Fig. 6. The process of shear localization from numerical
calculations of STZ theory: (a) The evolution of the spa-
tial distribution of the strain rate; (b) the evolution of
the spatial distribution of the effective disorder tempera-
ture 1361,

BB BTR DU RS U IR R AT . IR A
U RE BT VI RS ASH AL AT 9, 3475 R8I A
eI AR X BY V) IS AT N RIRE R, W T .
AR T AR A b RIS 2 BT BAA o A
28, HNIEE S kg Ml k. AR IS AR rh sk BE A
Sl AE AR SAE AT A S AL R gerp. — B 2A
Ji R s, BV AR T OR IR 2, 1 RS RGN
SRR RE ARSI, T BUMBN 77 i POE T . E1EE
RN R vy &, BRI B T RN

k(vot — zg) — o (v, 0) = mis, (4)

xs NBIVITAE ¢ W 2 ) B R IE RS, kN RS
AL AL S R 5, FTROR Nk = E/[L(1 + 5)),
Ho EAML 3 R dh s e B, S =
ks/kn; m AN RGNA B E; op(v, 0) ABTY) T
BB B RPN S, — RO BTV R
v(v = &) MINEBIRE S E O MR EL oy, (v, 0) bR
FARER T AR AR AR W AR OC R, BT LA
STZ # it K AR, 1XH KM T Johnson #2 i ) STZ
HWHRIERA B 2, RAAE 7R AR A
Piniia shid e NS S &, 3807 DUS A
IBNATTRE. XA 2] T ik BN BT )5 1a 3h I
SEREI T AR

178103-7


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 66, No. 17 (2017) 178103

(a) ﬂvo

Vertical plastic
shear x

sl () k=0.5ke

0.88 N\/l/[/

i
© 0.84
~
N
0.80
0.76 T T T
0 25000 50000 75000
t/s
0.881805

0.881790

o/GPa

0.881775

0.881760 -

0 10000 20000 30000
t/s

7 (a) Hodixd 72 v B AN 3900 4 03 1 8 3 B BROR
BB (b) k < her I HUE TR 78R 15 - I D 28
(c) k> Kor I U500 B2 A7 -INF 1] 6 h 2 (27)

Fig. 7. (a) The stick-slip model for single shear band
motion in compression of metallic glass; (b) the ser-
rated stress-time curve numerically calculated at k <
ker; (c) the smooth stress-time curve numerically cal-
culated at k > ke [27],
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Fig. 8. The sand model for self-organized criticality .
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Fig. 9. (a) The comparison of stress serration for brittle and ductile metallic glasses; (b) the probability density distri-

bution function for ductile Cua7.5Zra7.5Als metallic glass; (c), (d) the histogram distribution of serration sizes for ductile
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Fig. 11. (a) The plastic flow events formed by the mul-
tiple shear bands by numerical calculations; (b) the

probability distribution of stress drop due to the plas-

tic flow events (8],

PR G AT LS I At STZs (132 3)). M Eshelby it
H R AT DUR 25 543 B B AN STZ W 2k 55 U148 T A J
BBl Ak 51 S 1R S 7 3, — M DU A R 1 82 7 3 A
N ARz (BP R 3 AR AR). {H K& STZs /A 1ER, B
AV 1A AE AR FH 51 RS Rt 1 7 3 58 14 35 B 2
Ew Z AR, HomZIUKH T STZ (1% B RN 25 0] 43 A7 .
H 1 5¢ T STZs Z 18] (1) AH BAE A HE S A2 T AT N
BLH] () 52 Mo A 1R 2 BE AL AL 95, Maloney A
Lemaitre )il i #E S AR IR T HE S A &8 D) A
H153F 3 124, B IR EL LS H 58S STZ Ft ik
{100 DU AW 1 A% 37 (14 25 T 3 A DA B 36 26 U 4 5 82 AR
SRR, WK 12 s, &Ik, Dasgupta
2 0 )\ Eshelby B g &, BB T STZs 2 [H]
BT AH EAE T 5 B S i s A Re, RILAA Y
XL STZs VBT YI R S 77 W HEF B, B3 4 5% 5
PERA B B IR AL %45 B UL R BT )47 B TR B2 e
T STZs 2 [A i T AR AH BAE A B G 1
i, TR I B R, STZs Z (Al AH HAE
FAn ey 52 e 3 & 9 A2 1 B 4 2RI FAT N B TE AN
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AL BARBLE] B T8 75 2R e 7. A1
W T —Fh 5 STZs W BEHLAH FLAE AR, HI LA
SE TR R STZs H A LUT AIEAL. FIRTIHE
G o BT B D13 AN ), 2 AR S B0 STZs 2 (7]
(0 AE LA B A B INAE T 351 73 37 IR BE AL B ) g
AR ] DLl AR R 1 Fokker-Planck 2 3,
KeAF B STZs Iy %5 B AL 2 18] MR 3 AT B FH A
A JRATTAT DARRRE 25 T AN [F) I it 5 < W R T )
5 B TERFAE AN WL X 26958 — M m LR AE
W 2L RS BV AR T IX 1 STZs I ER S .

(b)

12 (a) A~ STZ B9 1)L HlFE A 51 A2 A DU AR AR N 22
; (b) STZs TR VU B S 7735 M6 T i P 56 149)
Fig. 12. (a) The quadruple strain field caused by the

shear of a single STZ; (b) the pattern formed by cou-

pling of the quadruple strain fields of STZs (491,

5 REHRE

gr bRTR, EAMIIRLR, dEf A S n] B
T 5 R A R S AN ST AE. SR
&, A A & AR R I 7 8] R Ak 1 BY 1) A A ]
B BB R ARAT N, B AR AT ORI T B
(i 8, 2BV R iz sl i B Hp — PP ARE [ 3)
JIEARFR M ERWOWE 7 RE, EfESmMne
KB TR TR 7 BRI A AR T, 1% 2 5 45
AT X 3 18] T KRR A BAE 2 B AH ZUR
— AU IR AR . BG4I LRy
IS TN E AT B A O e AR 1Y) ) 22 1 e 7
—EFAMT, AR E SR AR &1 H
HRNG AT A, FIERFIRZ E RN 1% RGAT
DAL, S AR I B 2 SN S YR T AN R
1) AR T 7 28k B e B A AR .

ok U BARE AR & A S Ui AR IR B R RN ST
o 7t EEUS TR Z R, (R DL 1) AR
Fio 1) dEdb A S U IR AR A A BY ) 7 1 B A 1
LT FRE R AR Y A DA R SRR ) 1) R % ]
HARAE S A S PR R 2 2) Wl 7RI
A STZs (MBS H 2 RN STZs 2 A [ AH H. /)

FAER, e AERIR DR STZs H 4L 2R & By
DI IR IR 3) S ey £ GOVl 25 4 AR _E BR AR AR i
B AE = RURE R B 50 O A AR R ) — 4 RUE
AR B AR R 4) AR AR A

H A i 747 95 ma i B AR LR LR B 2101 57
AT 9 TAIR AT D AR D T L. T i R i g A
A BT L 48— AR S AL AR 1S RO ERE, Xy
PEREAR & S AR BT AT R A L E i

SRR R R 2 B M B 5T B AR O 01 R A sk T
KX )1 (Liu, Chain-Tsuan) #0% 4% 5 BUZ 8.
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Abstract

Amorphous solids are metastable materials formed by the rapid quenching of liquid melts. Under mechanical stress,
amorphous solid displays unique and complex plastic flow behavior, which is both spatially and temporally inhomogeneous
on different length scales. In some cases, the plastic flow behavior of amorphous solid can evolve into the self-organized
critical state, which is similar to many complex phenomena in nature and physics such as earthquakes, snow avelanches,
motions of magnetic walls, etc. In this paper, we briefly review the recent research progress of the plastic flows of
amorphous solids, with an emphasis on the plastic flow of metallic glass which has been one of our research foci in
past few years. The review begins with an introduction of the inhomogeneous flow behaviors on different scales, from
the macroscopical-scale spatially inhomogeous shear bands, temporally intermittent serrated flow to the atomic-scale
localized viscoelastic behavior in metallic glass. The microscopical deformation theories including free volume model
and shear transformation zone model, and recent efforts to elucidate macrosopical flow behaviors with these theories,
are also presented. Finally, recent progress of the self-organized critical (SOC) behaviors of the plastic flow of metallic
glass are reviewed, with an emphasis on its experimental characterizations and the underlying physics. The emergence
of SOC in the plastic flow is closely related to the interactions between plastic flow carriers, and based on this point,
the relation between the SOC behavior and the plasticity of metallic glass is elucidated. The implications of plastic flow
of metallic glass for understanding the occurence of earthquakes are also discussed. The review is also concluded with

some perspertives and unsolved issues for the plastic flow of amorphous solids.

Keywords: amorphous solids, plastic flow, self-organized criticality, chaos
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