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A Study on the Plastic Deformations of Some Beams under Impulsive Loading
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Sachio MoGcaM1 and Michihiro SAKAMOTO

Abstract

The writers have already studied the plastic deformations of canti-lever beams considering the
strain-rates of materials under large impulse, but the analysis proposed was considerably complica-
ted. So we studied more simplified method of analyzing the large plastic deformations of beams in
the case of neglecting the mass of beams comparing with the one of impulsive bodies. Such method
here described is considered to be available for the analysis of traffic accidents, for instance, the
plastic deformations of guard fence, etc. At any rafe, the problems on the fractures and plastic
deformations of various materials under impulsive loading are very important and interesting.
Among the natural phenomena earthquake and typhoon, etc. are assumed to be one kind of
impulsive phenomena. Thus we studied the large plastic deformations of some beams as the first
step studying the impulsive phenomena of materials. In this paper we treated the plastic deforma-

tions of beams when the impulse acted on the center of the beams or on the tip of the canti-lever

beams.
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Fig. 1 The left half part of the fixed beam
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Table 1 Comparison of measured values with calculated ones (Drop weight W=4.6kg)

The case of cantilever beams

H: Drop height (cm), Plastic deformations (unit : cm)

; 1
H 20 5 30 35 ‘ 40 ‘ 45 0 | e
| i T -
Measured values 1.76 2.32 2.84 3.38 3.86 4.36 4.70 ‘ 5.85
Calculated 2.07 | 2.57 ’ 307 3.59| 405 446| 505 5.98
The case of simple beams
‘ F 1 |
H 20| 25| 30 ! 35 40 Lﬁﬁju;&‘wjaﬁ
Measured values | 0.73 r 1.18 | 1.39 ﬁ 1.69 | 2,00 2.10| 2.48| 2.95
Calculated _~» | 1.04 129 153 1.78| 2.02] 2.27| 2.5 2.99
The case of fixed beams
[ [
H J 20 35 30 ’ 35 40 45 r 50 |60
Measured values { 0.48| 0.59| 0.71 ’ 0.89 1.08| 1.12 ’ 1.26 | 1.60
Calculated ~» | 0521 0.641 0.77] 0.8/ 1.011 1.13] 1.26| 1.49
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Table 2 Comparison of measured values with calculated ones (Drop weight W=9.5kg)

The case of cantilever beams

H : Drop height (cm), Plastic deformations (unit : cm)
H 5 10 15 20 25 30 \ 35 40
2 | )
Measured values 1.23 2.59 3.64 5.22 6.18 7.20| 8.82 9.98
Calculated 1.291 2.721 4.02 5.31 6.59 7.84 1 9.11 i 10.35
The case of simple beams
H ‘ 15 } 20 25 30 35 40 45 50
Measured values 1.85 ‘ 2.50 2.95 3.80 4.29 4.86 5.70 6.28
Calculated ~» | 201! 2.65! 3.28| 392 4.54, 518 | 5.80| 6.45
The case of fixed beams
| [
H 20 25 l, 30 35 | x | 5 50 60
|
Measured values 1.28 1.57 l 1.90 2.20 2.46 ' 2.82 3.02 3.7
Calculated » 1,33 1.64 1 1.96 2.27 2.59 1 2.90 3.231 382

Table 3 Comparison of measured values with calculated ones (Drop weight W=14 5kg)

The case of cantilever beams

H : Drop height (cm), Plastic deformations (unit: cm)
\
L 41‘]7 ‘\ 5 ‘i 10 71 15 20
Measured values \ 2.27 ‘ 4.72 6.84, 9.48
i .
Calculated ~ \ 41 4.17 6.18 1 8.15
The case of simple beams
i | | \
H 10 | 15 20 \ 25 30 } 35 | 40
I
Measured values | 1.82| 2.98 L 3.81 ‘ 4.95 \ 5.99 i 7.01| 7.88
i | ; |
Calculated » | 2.09 @ 3.000 4.08| 506 603 7.0 7.95
The case of fixed beams
H 10 15 20 25 | 30 35 40
- |
Measured values | 1.02 1.53 1.99 ‘ 2.55 2,99 3.54 4.01
Calculated ~ | 1.05| 1.54 204 2.53| 3.00| 3.50| 3.98
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Fig. 2 Comparison of calculated values with
experimental ones (Canti-lever beams)
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Fig. 4 Comparison of calculated values with

experimental ones (Fixed beams)
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Fig. 3 Comparison of calculated values with
experimental ones (Sitmple beams)
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