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Abstract

The dynamic material characteristics on some mild steel sheets were observed. The dynamic tests were

conducted on the ESH servo-hydraulic test machine. It was observed that the mechanical properties of mild

steel are highly sensitive to the value of strain rate. The well known Cowper-Symonds constitutive equation

was used to generalize the strain rate sensitivity effect. Modified constitutive equations were suggested to

couple the strain hardening to the strain rate sensitivity. The dynamic stress-strain relationships for the mild

steel sheets used in the present study were reasonably predicted using these modified constitutive equations.
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Table 1  Static material properties of mild steel specimens

Specimen 0.2% proof U.T.S. Elastic Ultimate Final
M ial ickness Stress Modulus Tensile Elondgation
ateria (mm) (MPa) (MPa) (GPa) Strain (%)
t oy oy E, & &

M1 1.14 192.0 321.0 208.8 0.235 39.59

M2 1.17 175.4 311.6 208.4 0.224 41.60

M3 0.75 278.9 420.0 207.5 0.210 30.22

M4 1.60 194.1 316.5 2153 0.235 40.59
450 1 450 450 450
400 + 400 400 400
350 + 350 350 350
5 300 = 300 T 300 5 300
= 250 £ 20 % 250 < 250
g 200 # 200 % 200 @ 200
& 150 & 150 & 150 @ 150
100 100 100 100
50 50 50 50
0 + + + | 0 0+ 0

0 0.1 0.2 0.3 04 0 0.1 0.2 0.3 0.4 0 0.1 0.2 0.3 0.4 0 0.1 0.2 0.3 0.4
Strain Strain Strain Strain
(a) material M1 (b) material M2 (c) material M3 (d) material M4

Fig. 1 Static nominal stress-engineering strain curves for mild steel specimens
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Fig. 3 Stress-strain curves at a high strain rate (M2; &
=127s")

: stress from load cell data

: stress from strain gauge data

AlAe] HEE £ ESH Ad7|e 3 £:8
AR BR Ao]A o] e LH«] AA A G4t
HY & S5+ Ag7]d 93] 48 5 vk 19
U AlHE sk g Ee njEoy sow 4
A AE FA HYEE Ao & W&o 544 F
gormg W AlF A= ZIMMER OHG 338 7H+

2H5 o] gste] Al Aox| Zolo] et
SA8 . F3 shde=
(indicator) = ©]-&3}o] QA4 o]
22 AlE vl Hes
S FFetal gheed koo =
w ARl AbeE HEE S Wes
' RE 14287 74A] T

HI = AAA] MPEES ded
GokA Rk w9 A2 Wefol= 1?4
ohowebA Al EAe] 2E ]I
© dlolHrt =7] dEe H

=l AR AT

400

A

%3
slope line for
elastic modulus

300 ¢

200
100 - -0

stress (MPa)

0 .

0.002 0.004 0.006 0.008 0.01

strain
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Fig. 5 Engineering stress-strain curves on various strain
rates for mild steel
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R =0.9008

y=4.01x+ 37204 4
R2=00914

Y= 4.4505x + 27349
RY=0.9789

A ° 2
® -2

In (normalised stross -1)

In (strain rate)

In (normalised stress -1)

(a) Material M1 (b) Material M2

y=4.0006x+ 10468 ® y=3.2737x+ 5,853

Ri=09739 R?=0968

y=2.0482x+ 7.057
R?=0.9043

In (normalised stress -1)

(c) Material M3 (d) Material M4
Fig. 6 Trend lines of the experimental results for the
yield and ultimate tensile stresses for mild steel
specimens.
o : experimental data for UTS
o : experimental data for yield stress
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Table 2 Material constants of the constitutive
equations for mild steel specimens

Material Constants
Material 0.2% proof stress U.T.S.
a 0, (s") Qu 0, (s™)
M1 4.01 41.4 4.43 1.1x10"
M2 4.45 15.4 4.09 3218
M3 3.27 349 4.0 3.517x10"
M4 2.99 40.6 2.95 1161
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Fig. 7 Influence of strain rate for mild steel specimens
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