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Abstract : Dynamic crack initiation in ductile steel is investigated by means of impact loaded 3 point bend(PB)
specimens. Results from non-viscoplastic and viscoplastic materials are compared. Their materials are applied with
various impact velocities and static strain rates. The specimen has the size 320 x 750 mm with a thickness of 10 mm. A
modified 3PB specimen design with reduced width at the ends has been developed in order to avoid the initial
compressive load of the crack tip and also to avoid the uncertain boundary conditions at the impact heads. Numerical
simulations are made by using the FEM code ABAQUS. Therefore, their results are plotted by shapes of the von Mises
plastic stress and equivalent plastic strain of the specimens applied by various impact velocities.
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Young's Modulus E= 206 GPa,
Poisson's Ratio v= 0.3,

W % p= 7800 kg/m’,
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Fig. 1 Dimensions of the new designed 3PB specimen. All
dimensions are in mm

140 SARSABsts| =258 M2 M35, 2004

200

100 }

L 1 1

i
7 2 3 4 5 § Y€

Fig. 2 Static tensile test diagram
(engineering strain and stress)
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Fig. 3 FEM-model for the 3PB specimen with a quarter edge
crack
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1 36.946 x 10° MPa
2 43218 x 10°MPa
3 49.490 x 10° MPa
4 55.762 x 10° MPa
5 62.034 x 10° MPa

Fig. 4 Shape of von Mises plastic stress of specimen under
static displacement speed(0.01m/s)

Value
11.00x10° \
2 2.32x10?

3 4.54x 102

4 6.76 x 10°

5 8.98 x 107 -
6 1.12x 10"
7 1.34x 10"
8 1.56 x 107
9 1.78x 10"
10 2.01 x 10"

Fig. 5 Shape of equivalent plastic strain of specimen under
static displacement speed(0.01m/s)
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Value
1.36.946 x 10° MPa
243.218 x 10° MPa
349.490 x 10°MPa
4 55.762 x 10° MPa
562.034 x 10° MPa

Fig. 6 Shape of von Mises plastic stress of specimen under
impact velocity(15m/s) (no visco-plasticity)

Value
136.946 x 10° MPa
243218 x 10°MPa
349.490 x 10°MPa
4 55762 x 10° MPa
562.034 x 10° MPa

Fig. 7 Shape of von Mises plastic stress of specimen under
impact velocity(30m/s) (no visco-plasticity)

Value
1.36.946 x 10° MPa
243218 x 10°MPa
349.490 x 10° MPa
4 55.762 x 10° MPa
562.034 x 10° MPa

Fig. 8 Shape of von Mises plastic stress of specimen under
impact velocity(45m/s) (no visco-plasticity)

Value
136.946 x 10° MPa
243.218 x 10°MPa
349490 x 10°MPa
4 55.762 x 10° MPa
562.034 x 10° MPa

Fig. 9 Shape of von Mises plastic stress of specimen under
impact velocity(60m/s) (no visco-plasticity)
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Value
1 1.00 x 10°
2 232 x 10%
3 4.54 x 107
4 6.78x 10*
5 8.98x 10°
8 1.12x 10"
7 134 x 10"
8 1.56 x 107
9 178 x 107
10 2.01 x 107

A

Fig. 10 Shape of equivalent plastic strain of specimen under
impact velocity(15nvs) (no visco-plasticity)
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Fig. 11 Shape of equivalent plastic strain of specimen under

impact velocity(30m/s) (no visco-plasticity)

Value
1100 x10*
2 2.32 x 107
3 4.54 n 10°
4 68.76x10°
5 898 x 10*
6 1.12% 10"
7 1.34 x 10"
8 1.56 x 10"
91,78 x 107
10 2.08 % 107

Value
1 1.00 x 10°
2232x%19°
3 4.54 x 107
4 B.76 x 10%
5 8.98 x 10°
6 1.12x 10"
7 134 x 10"
8 1.56 % 10"
g 178 x 10
10 201 107

Fig. 12 Shape of equivalent plastic strain of specimen under
impact velocity(45m/s) (no visco-plasticity)
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1 1.00x 10°
2 2.32x107
3454 x107"
4§76 x10°
5 8.98 x 10*
6 1.12 10°
7 1.34x 10"
8 1.56 x 107
9 1.78 x 10"

10 201 x 107

Fig. 13 Shape of equivalent plastic strain of specimen under
impact velocity(60m/s) (no visco-plasticity}
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Value
1 36.946 x 10° MPa
2 43218 X 10°MPa
3 49.490 x 10° MPa
4 55.762 x 10° MPa
5 62,034 x 10° MPa

Fig. 14 Shape of von Mises plastic stress of specimen under
impact velocity (30m/s) (visco-plasticity)

Value
1 36.946 x 10° MPa
2 43218 x 107 MPa
3 49490 x 10° MPa
4 55762 < 10° MPa
5 52.034 x 10° MPa

Fig. 15 Shape of von Mises plastic stress of specimen unde
impact velocity {45m/s) (visco-plasticity)
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1 1.00x10°
2232x10?
3 454 x 10
4 6.76 x 107
5 8.98 x 10*
6 1.12x 10"
7 1.34x10°
8 1.56 x 10"
9 1.78 x 10

10 2.01 x 10°

Fig. 16 Shape of equivalent plastic strain of specimen under
impact velocity(30my/s)

1 1.00 x 10°
2 232 %10%
3 4.564 x 10*
4 6.76x 10*
5 8.98 x 10?
6 1.12x 10"
7 1.34%x107
8 1.56x 10"
9 1.78 x 107

10 2.01 x 10"

Fig. 17 Shape of equivalent plastic strain of specimen under
impact velocity(45m/s) (visco-plasticity)
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