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Abstract

The fracture behaviors of Zr-based bulk amorphous metals(BAMs) having compositions of ZrssAljoNisCusg, were
investigated under impact loading and quasi-static conditions. For experiments, a newly devised instrumented impact
testing apparatus and the subsize Charpy specimens were used. The influences of loading rate and the notch shape on
the fracture behavior of the Zr-based BAM were examined. The Zr-based BAMs showed an elastic deformation
behavior without any plastic deformation on it before fracture. Most fracture energies were absorbed in the process of
the crack initiation. The maximum load and fracture absorbed energy under quasi-static condition were larger than those
under impact condition. However, there existed relatively insignificant notch shape effect. Fracture surfaces under
impact loading were smoother than those under quasi-static loading. The absorbed fracture energy appeared differently
depending on the extent of the vein-like pattern region due to the shear bands developed at the notch tip. It can be found
that the fracture energy of the Zr-Al-Ni-Cu alloy is closely related with the development of shear bands during fracture.
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Fig. 1 Geometry and dimension of subsize Charpy
specimensin Zr- BAM

Fig. 2 Schematic illustration of the instrumented
impact test apparatus and magnified parts

H) 1

m
m/s

5 Xl
o

exp t 1 t exp
X = [ ——] B (@dodz

s VO , M
» P(D) (tup)
BAM
, (Instron 8516, load
cell: 5kN) 3
(OM) , SEM
3.
3.1
Fig. 3 Zr- BAM

1247



2003

1.2 : , : , : , : , 1.2 : , : , : , :
10} BAM(ZrAINiCu) i 10} v hBAM,\(lert:NigE% ) i
E | ; V-shape Notch , R=0.1mm E | -shape Notch , R=0.2mm
" — Impact test " —— Impact test
© 08} pac : 4 B o8 Nl Quasi-static tests B
@ s N - I EERRTE Quasi-static tests @ ’
° °
2 o6} 4 2 osef g
8 A 8 A
o XY
= 04 4 = 04} -
@ &
o o
E o2} 4 E o2} i
00| - 0.0} -
1 " 1 " 1 " 1 " 1 " 1 " 1 " 1 "
0 1 2 3 4 0 1 2 3 4
Displacement, mm Displacement, mm
(a) (b)

Fig. 3 Load-displacement curves for the notched subsize specimens of Zr-based BAM having a notch tip radius
(a) R=0.1and (b) R=0.2.
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Table 1. Test results obtained using subsize specimens.

R, | conditions | Fmax Ei E, , Kmas, K, 0 max;
mm kN J kJ/m MPa.v m GPa
0.125 | Impact 1 0.85 0.24 332 48.7 3.85 6.41
0.15 Impact 2 0.74 0.2 27.9 42.7 3.55 5.18
0.125 Static 3 0.92 0.25 35.2 53.6 3.85 7.06
0.15 Static 4 0.72 0.15 21.1 42.0 3.55 5.10
0.15 Static 5 0.94 0.26 35.7 53.5 3.55 6.50

0.2 Impact A 1.03 0.34 47.4 59.5 3.13 6.37
0.225 Impact B 0.87 0.26 36.0 50.0 3.00 5.10

0.2 Impact E 0.88 0.26 36.0 49.8 3.13 5.33
0.225 Static C 0.89 0.23 31.7 50.8 3.00 5.18
0.225 Static D 0.76 0.16 22.0 433 3.00 441
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Fig. 4 SEM images of fracture surfacesin Zr-BAM specimens under impact and quasi-static loading conditions.
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(a) Test 2 under impact loading, R=0.1 mm (b) Test 3 under quasi-static loading, R=0.1 mm

Fig. 5 Appearances of cracking behavior and shear bands for mation depending on notch radius on surfaces of
Zr-based BAM specimens. Theresultsare based on table 1.
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