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Mechanical properties and fracture behavior of
6061 aluminum alloy under shear stress states
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Abstract: The mechanics properties and fracture behaviors of 6061 aluminum alloy were investigated by the tensile shear
tests and in-situ tensile shear tests with tensile shear specimen devised. The FEM software ABAQUS can be used to
describe the fracture behaviors of 6061 aluminum alloy under shear stress states. The results indicate that with increasing
the shear strain rates, the shear yield stress and shear ultimate stress of 6061 aluminum alloy remain constant basically,
while the shear fracture strain obviously decreases. The shear strain rates have no influence on the fracture surfaces. A lot
of slip bands paralleling to the tensile direction are produced on the specimens’ surfaces. The grain boundaries of 6061
aluminum alloy are the weakest area, and the microcracks initiate at the slip bands and grain boundaries parallel to the
tensile direction under shear stress. With increasing the shear stress, the microcracks extend and coalesce. The specimens
fracture due to coalescence or shearing between the microcracks. The Johnson-Cook model can be used to describe the
fracture behaviors of 6061 aluminum alloy under shear stress states.
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Table 1 Compositions of extrusion 6061 aluminum alloy

(mass fraction, %)
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Fig. 1 Microstructure of extrusion 6061 aluminum alloy
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Fig. 2 Schematic diagram of several kinds of shear specimens
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Fig. 3 Curves of shear stress—strain under different shear

strain rates
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o5 22 B 6 KW A BINJPIRES T 6061 85 i) A TERE K RAT 1573

B 4 /U, BEAT BY R ASR AN, By D)
AR o 3K e R TR B AR, AR A
TR AR AR SRRSO iR ), TS BT D)
W N AR B BY Y AR BB, A
HYEARBE R, H IR b R R LI 40405 2 S0
SOV IS BT DT RN At — Dl NP, i
TR R K85/ ARA U A RT LAAS L B AR 0T B 1)
W AR e YR EAT U A

ye =0.4770% (1)

AR B AR 28 N R AR BT D)W a1 5 fros . B
5 ATLVEH, AR BY R AZR R (KRBT Dk 2SR
PHATZENN o AL L, BRI E MR T B L,
B R AU T F R AR 2 AN B D) T 4
Jo BIPIWTI b LFRAAE IR, BB 2 7 kR
AR HIM, B b, W ORI N 3 3
ST R FE ) =N ) FE (ow/oe) B BRI PR Y AR
(Equivalent plastic strain, PEEQ), —#hN 11/ 5 1= S Hb
VA I D% el = T W w7 <4 NG N T Y
P AR 4 TG BB R IR AN T ) o R ) 3l .
FEMR, W o AHXTEOR,  FALIR R 3R 3 8K,
W 1 b R A B0 s I o R TRIAR B ASOR, ~A  21

Fig. §
different shear strain rates: (a) y=0.01 s (b) y=5.56 5!

Tensile shear fracture surfaces morphologies of

BTN s AN ez, AR I = Hh N 7
JEOBAR,  MISEROPPE AR, SlfLIFR KR 9K
), Wi 1 S 1 R s AN YD) I A Ry
PR AR b KRR 2 2B DR, AR BY
I AZ R A b = Al N D ERR BT 0, PALIRAA:
KRB I HAL T 0, P LA LB RIS A7 4E
12 B R (e P R A By D) R4 Ay, A, B
AR AT B UKL (K W7 1 TE S BT M

22 [RATHHETIRIGER RITE

Kl 6 Jirom b Js A hr i B YRR AR [R1 AN R
RETES . A AMINY) N (LA RIRRAMINR. )5 —
PIEF] 165.21 MPa I, BRH AR — Beith 25 A FF 4h 7~
LA R, WA T ) 5 A I R 75 AT
Ui X B B Al (R AE VI ) R AR, sl 6(a)
PR e SAAMINN 1135 ) 225.54 MPa Itf, it K BT (944
BRI QR 5 ™ 8, SRS O iy 7 i
iy DX ABH EH A A HE AR A Y £ T S A IR 3 1R 7 T
TR B L, i 6b)Fin. Mm, FRLAET]
N JJHAE R S AW R, s )L — E YRR
225.54 MPa, BEIS I TAsEAE TR R RIS 3L
E s WA NN R TP [ A BRI N
£ 165.21 MPa i}, I Atk EoHR R A A LR Mk
WYY e FERIN I N, SEOMNIN AL, il
BRI PR A 40 K2 400 um RZELL, B 6(c)
Fim. WG BT Mk myh 150, e b
R E N AZ AL 0, &5 SRR WY TEAL S A B 5]l i) 22
FEANIE 584 H BY WY )4 H 3 S0 (S bRk 56 B 741
e Z AMRAEL BIAEBTYPIRAS), Horb e ik 2] —5E
MIVER o 3X— il LKL 7(a)H SR A S A B DAY B
AN AT b =AY ) FEAE T 0.1 43 BISGIE (26 BT D)
TRIG AL I =l Y 55T 0).

23 BRTITEEREITE

ARG ABAQUS LR BT YRR FE e/
Wikl %42 L0 =5 N JE on/odon N TN TT, 0. N
RN D)y, IE Ny R By N ) 0 4 i, I H
Johnson-Cook #&7 Xof 476 4 JR A7 A B U W 240 F gk
FTREREL o FERG IR 2 R S T )12 i st &,
ZB T MBHE AL AR AR L4,
Johnson F Cook T~ 1983 44 Y —ANZRIG 1k (1AL 5%
U Z By, MR AR R A7 0] DL Ay
AR N AR RIS 1) BRI

an+Bﬂ{}+cmiJn—w3ﬂ Q)

€o



1574 A G

2012 4F 6 H

X T WFEHOES R T7 = (T -T) T, ~T,) » 64 M
BHNAR; THSHRE, —RIER.

. Slipping 5
hear band &

B 6 Iz By R i RS A R EUES
Fig. 6 Surfaces observation of in-situ tensile shear specimen:
(a) 165.21 MPa; (b) 225.54 MPa; (c) 165.21 MPa

Johnson-Cook W24 AFF 7 .

. D4
&=q+@mmm%%w+f}b+@f] 3)
e 0

AXh: 4, B, n, C, my Dys Dy D5, Dy, Ds A EL
WA HICRAUK I = YE 8 N AU AR 4 AR BT
(C3D8R). H MBI YA die /T TR A% E 1 =5l )
FEQE 7(a)fiar, AR IIIE R 78S R 3 43 Al 7(b)
JIT 7 o JEUAE AT B D) i R4 T R BEALL T A4 R B an
A=250 MPa, B=265.94 MPa, n=0.32, C=0, m=0;
D=0.299, D,=1.496 5, Dy=3.32, D,=Ds=0. FLHlK]
B AR 0.01 s IR BY Y — AR 2 DL & 5
P RAR BT BY N ) R Mises W) 2 [l an & 8
FiR o

EHE 7 ()P LAG He ZERAT B URE WSk RS
RN PR B, MR AN DN, AR
BPE O K2 0.14 mm (M Ty, =5 ) FEA )
W MEL 0.1, Bt 5 =587 BEJLPARFEAAR o JR R AT LA

0.5

@

0.4

0.3}

O/

02f

0.1

0 03 06 09 12 1.5 1.8
Path of least section/mm

200

1500 ~—

1001 Shear stress

Normal stress
50

Stress/MPa

-100

1504 0.4 0.8 12 1.6 2.0

Path of least section/mm
B 7 YA N R A b =AY g EE R N
BYIN ) o34
Fig. 7 Distributions of stress triaxiality, normal stress and
shear stress: (a) Distribution of stress triaxiality; (b)
Distribution of normal stress and shear stress



522 %5 6 KW, A BINJPIRAE 6061 B A A 2k fE RN R4AT N 1575

M 7o) 2IMRE, e hr B DA S MR T 1R 1E
N RN 330 by 1A L], AR A A AN [
FEBR VRS, RN o0 KT BN )40 5y AEE
—EMER BN, TN ) TFAG N, T B TR G .
PR R /N B I, TN I8 2R
EIFORFFAAL,  BYNY ik B e KAE L ORFEANEE

8 Fi7n A N Johnson-Cook #5 R AE Y 1 AL %
4 0.01 s I RIBY R 7 —B AR SR rx ke LA K

300
(@)

250 - 225.54 MPa

200
£
= 130 165.21 MP
N 165.21 MPa : a

100§

50% e — Experiment
{ o — Johnson-Cook model /\

0 01 02 03 04 05 06 07

8 BB AR N 0.01 s~ I BIR J3— B AR 2k K R
R BYY)AFE Misers 2 K]

Fig. 8 Curve of shear stress—shear strain under shear strain
rate of 0.01 s and Misers nephogram: (a) Curves of shear
stress—shear strain under shear strain rate of 0.01 s™';
(b) 165.21 MPa; (c) 225.54 MPa; (d) 165.21 MPa

FEARTAIB N 7 Rk FE - Mises . M 8 iILLE H,
H Johnson-Cook FEM 15 6061 B4 7L BT 4R
A NHIBYN ) —BY AR e SR I W) S B . Rl iE
ATRLE Y, DL B A AR B A AN R B Y ) R
(R EEVE AR TR IR 24T O 15 S A BY DR EG FE A A
Lo FrLL, Johnson-Cook #5228 m] LLHI KAk 6061 54
AR B NI PIRAS S 1 )5 S KA T A o

3 Zig

1) Bevk (A B DR A A Rz A B D) aCRE mf
DL A2 AN R B 3 AR 2 (1 BT D) 50 A A 85 D)3k
TR, RO RE BT N RES R 19 2% 1 R
B W7 AR A 5 X

2) fEHIREY AR TS I, 6061 £ <k AR
HAPURNE AR, B BT AR 4T 6061 45754 P BY 5
REMANK s BEAG BT AR AR OK, BT D)W AR I8 5
B AR 3 AT BT DR 1T 3 R, W
K 5Y B P e I DR, EWT O B LTS )
B, B TR A BT W O S

3) 6061 fHG il St g g9 1y, G Sl
DA IRvIpup s S T st Bl e - R (URSE DA i)
WSPAT R, RSB N I ER R IBR T S hr
7 AT R R AL, BEAE BY R BN, B
RGP 2. e ar i i 5P e 5 804
FEWTRL, B TR By Ol s D TR A B R D)
I 73, MIERNJJAEE N, FrL, RGN R
FEAR BHEAE VI IIE R 58U .

4) 6061 Fatr< By YL AT Ak AT A AT L
Johnson-Cook R BEAT IR .

REFERENCES

[1] PIKETT A K, PYTTEL T, PAYEN F. Failure prediction for
advanced crashworthiness of transportation vehicles [J].
International Journal of Impact Engineering, 2004, 30: 853—872.

[2] HOU SJ, LI Q, LONG S Y, YANG X J, LI W. Multiobjective
optimization of multi-cell sections for the crashworthiness
design[J]. International Journal of Impact Engineering, 2008, 35:
1355-1367.

[3] JOEM K P, JUNG K S. A method for progressive structural
crashworthiness analysis under collisions and grounding[J].
Thin-Walled Structures, 2007, 45: 15-23.

[4] BATRA R C, LEAR M H. Adiabatic shear banding in plane

strain tensile deformations of thermoelastoviscoplastic materials



1576

A G A R

201246 H

[10]

[11]

[12]

with finite thermal wave speed[J]. International Journal of
Plasticity, 2005, 21: 1521-1545.

WARREN T L, FORRESTAL M J. Effect of strain hardening
and strain-rate sensitivity on the penetration of aluminum targets
with spherical-nosed rods[J]. Int J Solid Structures, 1998, 35:
3737-3753.

ZHU H, ZHU L, CHEN J H, LU D. Investigation of fracture
mechanism of 6063 Al alloy under different stress states[J].
International Journal of Fracture, 2007, 146(3): 159—-172.

Ko K S BRONT, BB ARINJPRETT 6063 4
T LBV AE[T]. WA S E AR L TR, 2007,
36(4): 597-601.

ZHU Hao, ZHU Liang, CHEN Jian-hong, LU Xian-feng. The
study of deformation and damage mechanism of aluminum alloy
(6063) under different stress states[J]. Rare Metal Materials and
Engineering, 2007, 36(4): 597-601.

GU Gong-yao, XIA Yong, ZHOU Qing. On the fracture
possibility of thin-walled tubes under axial
Thin-Walled Structure, 2012, 55: 85-95.

YANG R Q, LI S X, ZHANG Z F. Cyclic deformation and

crushing(J].

dynamic compressive properties of copper baristas[J]. Materials
Science and Engineering A, 2007, 466(1/2): 207-217.

FLEURY E, HA J S. Small punch tests to estimate the
mechanical properties of steels for steam power plant: 1.
Mechanical strength[J]. International Journal of Pressure Vessels
and Piping, 1998, 75: 699—-706.

FINARELLI D, ROODING M, CARSUGHI F. Small punch
tests on austenitic and martensitic steels irradiated in a spallation
environment with 530 MeV protons[J]. Journal of Nuclear
Materials, 2004, 328: 146—150.

FRAE, FAR. U Y A AR AR AU S AL

[13]

[14]

[15]

[17]

(18]

BRI, A A 4 s 253, 2009, 19(1): 56-60.

GUO Wei-guo, TIAN Hong-wei. Strain rate sensitivity and
constitutive models of several typical aluminum alloys[J]. The
Chinese Journal of Nonferrous Metals, 2009, 19(1): 56—60.
SMERD R, WINKLER S, SALISBURY C. High strain rate
tensile testing of automotive aluminum alloy sheet[J].
International Journal of Impact Engineering, 2005, 32: 541-560.
YUAN S P, WANG R H, LIU G, LI R. Effects of precipitate
morphology on the notch sensitivity of ductile fracture in
alloy[J].
Engineering A, 2010, 527: 7369-7381.
KW B FH R 5L BREIT, BREF]. 6061 fHar i
BUBRI AT RARRIEFE[T]. HUBE LR 2441, 2009, 45(2): 94-99.

ZHU Hao, LU Dan, ZHU Liang, CHEN Jian-hong, CHEN De-li.

heat-treatable aluminum Materials Science and

Investigation of fracture mechanism of 6061 aluminum alloy by

means of in-situ observation[J]. Journal of Mechanical

Engineering, 2009, 45(2): 94-99.
MILANI A S, DABBOUSSI W, NEMES J A, ABEYARATNE R
C. An improved multi-objective identification of Johnson-Cook
International  Journal

material parameters[J].

Engineering, 2009, 36: 294-302.

of Impact

WANG X B. Temperature distribution in adiabatic shear band for
ductile metal based on Johnson-Cook and gradient plasticity
models[J]. Transactions of Nonferrous Metals Society China,
2006, 16: 333—338.

LALWANI D I, MEHTA N K, JAIN P K. Extension of Oxley’s
predictive machining theory for Johnson and Cook flow stress
model[J]. Journal of Materials Processing Technology, 2009, 209:
5305-5312.

(4w RITH)



