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Fig. 1. Schematic of the crack model and loading.

R1 BT EAM R THUEAMLIRIAT A RS 5
Table 1. Material parameters based on EAM potential

and experiments.

R a/A C11/GPa Ci12/GPa C44/GPa
EAM 3.30 248 144 86
Ta
Experiment 3.30 266 158 87
EAM 2.85 243 145 116
Fe
Experiment 2.85 245 148 119
EAM 3.16 244 148 125
A%
Experiment 3.16 251 149 128
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Fig. 2. (color online) The atomic figure of crack development process of Ta.
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Fig. 3. (color online) The atomic figure of crack development process of Fe.
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Fig. 4. (color online) The atomic figure of crack development process of W.
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B MR e A2 W S BBOR T 1) 2 AR ARAE. H
B E A IR SR B, <5 i A4 Rk A0 i 22 o A5 TOU
IR S JLZ R RE & UIAH 5%, 6 40 Rice A
Beltz U3V BF 53 % DA R4 BT 24 1) 182 7 588 J8 TR 7 AN
o HE B 2 £ e (unstable stacking fault energy)
{1 e5 %, Tadmor F1 Hai (4 48 R4 &6 48 28 i
(77 A 5 AR e 28 Al Re AN RRE HESR R ER BE IR LL
a4 5%, Vitek U9 FEF FC 10 0 527 SRR3R T
I~ 25 (generalized stacking fault, GSF) GefH#%
oL K e B ARNT I A T o R Ry, R ER O A
W AR 8 — 0 R u, diARTE A%
AR B R e E AR Z 4 RE. H AT AT
BRHAARIERS T 2Me K R
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ITH SRR

ik — BT BCC 42 J& RS0 b A2 TR Y
PLEE, A& SCFIH EAM X Ta, Fe, W iX =l 4 J& (1)
JREEREREAT TS, 453 1 I =R R AR A S 1)
TR ST BV AT I AR b ) SZEE RE
A 2. B 5 N R RETH R R R,
LS (a) ARIERI R T R 48, HEEEN Ey. it
FT SR RERS, R T RGN B E AR R R
o e B YIALRS A (W 5 (b) FioR), LI R4
RER VBT UM R BE(Ax). %8B R R
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Fig. 5. Schematic of the stacking fault energy calcula-

tion model.
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Fig. 6. (color online) Generalized stacking fault energy
curve of Ta, Fe, W.
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#£2 Ta, Fe, W AR 2R
Table 2. Unstable stacking fault energy of Ta, Fe, W.

LA PR Ta Fe W

A 24568 /T m—2 1.34 1.21 2.96

4.2 FiEtES AT

=4 JE R W AL 45 IR AT DU, AN
[F) A4 R 1 2L SCLE AR R D04 T 22 3R I H AN 5] (9 e
REvE. 7ETBYRGURBUMEL T, MBI R EER
PR ZE LU vty B AL P A TR AR R S, DA K
AR 2 i R AR RN K. T i 1 3 A B AE 4L
IF LR JE . XA R R E AR PR (B A — B2
MRIRFERF T E 52—, A R TR A
) 490 Jf 1 BEAG A Y X T, Fe, W = b4 1 181 24
SUAFINERE PR T THE AT

421 AT WA R0 5 A7

Rice 8] 75X 24 B0 v 7 #8 FEAZ HOATE 90 - R B,
FEAON R T Il 5 L g 5 52 TR - 5 64 84 ) J2 i
A%, " LLE AR E JE 4 BE (unstable stacking
fault energy, vus) FIEREL. H& MR T2 2R AT
G e IR L I ARG T G M EA
FAEE v BTUIRE R o Rl T8 ) 58 B2 R Ko IR E,
i (2) prs:
1-v)K?
(2/310. (2)

Rl 7t 7 98 LR F K FH Rice $2 H /2 48
RERR RN, W13 I R RS & 1) 71— RiE 5,
1 (3) X row:

, 1+ (1—v)tan?6
Ge =8 (1 +(cos cp; sin? ¢ Tus ®)

Horb 0 NRLWIGRTT 18 5 R G R JT M KR A, o
RGBT EIR T S A.

R4 Griffith Wr & 218, I ALY B G H
R 2 TH BE (surface energy, vs) #R5E, 41 (4) 3
Fro:

G. =

G, = 27s. (4)

% b Rice A1 Griffith fIlG A28 g AR AT

HI: Rice MG LY & S1 &M KHZ 45 BE B R 5L,
Sk T B A A A T A% 1 BE = IR SE; Griffith

[l 2R L0 e 7308 SO RER T BE (Y BR AR, ek
MR RSUR A MEVE T R M e Bl FE. Rt 7ESK
Braari) i, 5 Rad e 71 G Jaik Bl FHHE G,
WG > G, RV KAEMEIE; RO/
RAENENETT 2.
EIE G > G
1+ (1—v)tan?0
(14 cos ) sin? py,s
s 1+ (1—-v)tan?6 (6)
Vus (14 cosp)sin g’
B =P RL R T e 5 AN E JZ B RE I EL AR A2 (6) 35X
I, RO A, Ja RN &, S0
RS NI, R IR,
R ¥ Ta, Fe, W = & J& A K} ) 2 1 5E %
3 090 e AR S B U S ARL, RO AR ST Y
SRR RS R AT R RS, LA
Rz 3 pr.

275 > 8

()

*3  =ZMEEIBIETE R Rice FI4E
Table 3. The Rice ductile-brittle criterion of
Ta, Fe, W.

ML B Ta Fe W

Js 2.51 2.20 1.31

Yus
1+ (1-v)tan20
(1 4 cos ) sin?

FHER 3 AT I, AR Z R AP T g5 5 X
T4 )8 Ta M4 & Fe, /2 (6) 3, G, > G, &
UGS AR MR, ERAETFHR. XTE&EW,
Ge < G, RECB e kIR =B BITAE. %
g5 =PRI SE RIARE, TS IE 1 AR
P05 SR B IR
422 KT AT

FE 2 M W 28 ) 2 e vp ) Griffith [ A4
BRI AR ST T R At e =R, N T
HBE— 25 AR 2 S W IR B ROWALEE) Rice ' A
Ji - R 58 80 4R05 (1) 712247 9, BIN T A
JEEERE. AR BE R L T R T R AR AR T
i e Ik ge ¥ 22, S5 AR BI %% DI FH oG,
AL 1R 2 THI BE AN 2 B RE A 52 ) L S0 AR IR 1)
M KNTERR &, AN &=, T2 R a0 1 M. /)
Y. B 7 RRGERIm AR R T N R B E.

1.95 2.12 3.20
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Fig. 7. Schematic of the stress field of crack tip.
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Multiscale simulations and ductile-brittle analyses of the
atomistic cracks in BCC Ta, Fe and W~
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Abstract

In order to better understand the fracture mechanism of body-centered-cubic (BCC) metal, the multiscale quasi-
continuum method (QC) is employed to analyze the nano-sized mode I cracks of three kinds of BCC metal materials,
i.e., Ta, Fe and W. The plastic deformation near the crack tip and the brittle cleavage process are both investigated. The
simulation result shows that there are different ductile-brittle behaviors in the cracks of different BCC materials. In the
same loading range, the plastic deformation, such as dislocation nucleation and emission, stacking faults and twinning,
is the main phenomenon for the crack of BCC-Ta. For the crack of BCC-Fe, plastic deformation and brittle cleavage
are observed successively. At the initial stage, plastic deformation is dominant, which is similar to the crack of Ta. As
loading increases, the crack begins to propagate, which differs from the crack of Ta. At first, the crack propagates along
the initial direction [001], but then turns to [011] as the surface energy of {110} is lower than that of {011}. With the
crack propagating, the crack tip is blunted by the plastic deformation, which is consistent with experimental results.
As for BCC-W, the crack is found to propagate as brittle cleavage without plastic deformation at first. And the brittle
cleavage is dominant all the time, which is a significant difference between W and the other two materials. In addition
to the atomistic simulation, some theoretical calculations are also performed to analyze the ductile-brittle behaviors
of the cracks. By an atomic slip model, the generalized stacking fault curves of BCC Ta, Fe and W are generated,
which exhibit the unstable stacking fault energies of these materials. Based on the unstable stacking fault energy, two
theoretical ductile-brittle criterions are analyzed. For the Rice-criterion, the result shows that the dislocation condition
is met before cleavage for Ta and Fe, while for W the cleavage occurs before dislocation. For the ductile-brittle-parameter
criterion, the result shows that Ta is the most ductile one in the three materials, followed by Fe, and W is the least
ductile but the most brittle one. The analysis results of the two theoretical criterions both coincide well with the atomic

simulation result, which well validates the simulation and fracture mechanisms.

Keywords: multiscale quasi-continuum method, mode I crack, dislocation, stacking fault energy
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