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Summary

A small and short impulsive load yields relatively small deformation and large stress on structural
elements, but large and long one does large deformation. Then a sharp impulsive load may cause
brittle fracture or fatigue on such structural parts as subjected to high stress concentration, and a large
impulsive load also brings about ductile fracture or collapse.

The response of structural elements to an impulsive load can be obtained by the dynamic analysis
of continuous model or spring-mass approximation. The recent progress of computer makes possible
to calculate dynamic response of actual structures. However, impact tests are important to obtain
impulsive load and structural response in actual structures.

In this paper, simply supported T-section beams, clampped square plates and restricted stiffened
plates were tested by using drop weight testing apparatus. The characteristics of impulsive load
measured on long size impact bars used as the drop weight, deflection and strain of specimens were
ascertained. Based on the test results and the elastic calculation using beam and plate/shell Finite
Element Methods, simple methods with impact energy and impulse were proposed to estimate the
impulsive load and deflection of structural elements.
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DM R T2, B 150/31X75/4.2 t D—RHEER
S H W (IS G3353) » 5 T AKECYIEIL, &
FIEEEHEM L CEMEL 2 DT, BRI RORKME
Table 1R T, MEATEHELRI2EZL5BEORE
T11~T42 LYY, ik, BEE (A) Bt (K
RO 1ROBEEEH (T 2Z0ZiuR Lz, BROFERR,
T11 3% 4 A TZ DO RERF 3 & Lk 20T, XFHHER
S OWIHE R TIT 272,

L, $RE 3mm & 5.5mm O EBEELEEKME (JIS
G 3131, SPHC) #& Table 2 1R TIRFRICEID HiL
- SEHRSABRE 13 P16~P36 @ 3L L, & 1ROV T
B AR b s R WEREIC IS 2 THERL /2%, B
TEEEEGEORBREENE S Nz D CRIER T 1 IR
OEERARREIERGOELZRL .

B5#ER 12, ZOFRTHk% Table 3WR$ L HICFA
~FD @ 48K L LTz, M (FR) RUB#EM L bIRE 3
mm O (JIS G 3101, SS41) v, HKEA 6 mm D
EEBAEECEMEL, BEER (200 mmX15 t DEKHH)
BT TS kR B L 7. FA i 648, FC i3 54, FB

Table 1 Shape, dimensions and particulars of beam

L -
4.2
! o e
r s g 3.'3_
Mark B D L S As ks T51
on | @ nm BB nn? oot | kgf/mm| msec
Ti1}] 2 | 25 | 1000 900 | 167 8.5E3] 11.75] 14.1

Ti2{ 25 | 25 { 2000 | 1700 { 167 8.5£3| 1.744{ 50.4
T22] 25 | 75 | 2000 | 1700 | 317 1.985| 38.98 14.7
T32| 75 | 75 | 2000 | 1700 | 527 2,785 54.40| 15.9
T42{ 75 {150 | 2000 | 1700 | 752 1.8E6| 369.3) 7.35

where ks =48EI1/S?3
Ts1 =282/ xd gEL/7As

[kgf/nn]
[msec]

Table 2 Shape, dimensions and particulars of plate

S :supporting span
t :thickness

Mark a t S D ks Ts1

1] us e kegfam | kgf/ma | msec
P16| 1500 5.5 1300 |3.2085; 33.84] 34.7
P33} 750 3.0 700 |5.1984 | 18.94| 18.4

P36} 750 5.5 700 |3.20E5|116.7 | 10.1

where ks =4 Et3/0.2444S5? [kegf/nm]
Tsy,=S2y yt/gD/1.82x [msec]
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FRABIITEEOITERD S ITBRER S D 1/20 DI
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i 3EEEA A L — P REAIEN (Omron, 3Z4M-S22) 2w
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Table 3 Shape, dimensions and particulars of stiffened

plate
FA FB )
| detalles of stiffner
| 740
Stiffner S Lo
o —s00— 0 T
| LL———SSO————*
FC FD !
o_ o o
b o < thickness of plate
i il ™~ and stiffner: 3 mm
300 l
740 —>
k s(kgf/mm) T s(msec)
Mark | Measured | FEM Heasured FEM
Tsq Ts2
FA| 208 206 7.87 9.03 4.80
FBj| 431 436 3.53 7.21 3.85
FC 60 59.9 7.75 9.62 4.59
FD 95 95.8 2.82 7.41 3.14
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Table 4 Mechanical properties of steel used

(a) for beaw (JIS 63353, H type steel, 150/3tx75/4.2t)

Kinds 0 vy gy Oy El.
kef/an? | kgf/om? [ kgf/mm? 3
¥eb Part 38.9 36.8 48.9 | 31.4
Flange Part 40.9 37.8 48.5 27.8
(b) for plate (JIS G3131, SPHC 3t,5.5t)
Kinds O yy Oy Oy El.
kgf/un? | kef/mm2 | kgf/mm? £

3.0mmt L-Direct. | 31.0 29.3 40.4 25.6
3.0mmt C-Direct. 31.7 30.3 40.2 24.3
5.5emt L-Direct. 28.2 - 34.0 30.8
5.5met C-Direct. | 28.8 - 33.5 29.3

(c) for stiffened plate (JIS G3101, $S41 3t)

Kinds Oy [ g, .
kgf/om? | kgf/mm? | kgf/mn? £
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Table 5 Shape, dimensions and particulars of impact
bar
AR
L@
2
Hark d ) Ag w* ke Tg1
o nn an? kegf kgf/mm | nsec
R11 10 1000 78.54 } 1.417 16491 0.391
R12 10 2000 78.54 1 2.033 8251 0.782
R14 10 4000 | 78.54 | 3.266 412] 1.563
R21 20 1000 | 314.2 | 3.486 65971 0.391
R22 20 2000 | 314.2 |5.972 32991 0.782
R32| 30 2000 |706.9 | 13.047) 7422 0.782
R4l 49 1000 | 1257 12.1251 26389} 0.391
R42} 40 2000 | 1257 21.990} 13195} 0.782
R62 60 2000 | 2827 47.220 ) 29688 0.782
R82 80 2000 | 5027 82.410¢ 52778 | 0.782

as Received L-D. 31.5 29.0 39.0 24.8
as Received €-D. | 31.2 28.6 36.9 24.1
Str.Relived L-D. 36.7 29.5 37.1 25.3
Str.Relived C-D. 35.5 30.2 37.8 25.3
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Fig.1 Illustration of impact test

Shackles

N, 8F %2 ANDIS Pz b e La—F (F— b
=7 R, S128) W—REECRBL, SV o cEsEL TR
UMENT 21T > 72,

EHEABRIETH 2250 mm~3650 mm ¥ T (FTEHE
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where * : W include weight of supporter
ke =EAr/ 2 [kgf/nm]
Te1=20/VEg/r [msecl
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Fig.2 Measured time history of load, deflection and
strain (T22-R22-h500)

max .

Fig.4 Relation between maximum strain and maxi-
mum deflection (beam)
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Fig.3 Diagrams of max.load-max.deflection and
max. load-max. strain (beam)
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Fig.5 Measured time history of load, strain and
deflection (P33-R14-h200)
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Fig. 6 Diagrams of max. load-max. deflection and
max. load-max. strain (plate)
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Fig.7 Measured time history of load, deflection and
strain (FA, FB, FC, FD-R22-h200)
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Fig.8 Relation between maximum load and maximum
deflection (stiffened plate)
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Fig. 10 Comparison of strain measured by impact bar
dropped on steel block and beam
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TIME HISTORY of DISPLACEMENT on T22(25-75-200@-172@S mm) BEAT
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X axislsec) : @ to 20 E-83
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Fig. 12 Comparison of deflection measured and calcu-
lated by FEM (T22-R14-h200)
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HROBE<MESRTBY, HBEHEREECRa—F
VN DRSS IR 2 548, WERGE KR
SED LI REEABRTCEBEILFREELIONS 12,
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Fig.14 Effects of thickness of impact buffer on load,
deflection and strain (P33-R42-h100)
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Fig. 13 Comparison of load measured by impact bar
and calculated with strain on beam
(T22-R22-h500)

Fig.15 Illustration of relation among load, deflection
and strain energy
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Fig. 16 Comparison of measured and estimated maxi-
mum deflection of beam using energy
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Fig.17 Relation between maximum load and equiva-
lent static load (P33, P36-R11, R12, R14, R22-
h50~500)
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Fig. 18 Relation between maximum load and equiva-
lent static load (stiffened plate)
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Fig.19 Illustration of relation among load, time and

impulse
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Fig.20 Comparison of measured and estimated
impulse
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Fig.21 Comparison of measured and estimated maxi-
mum deflection of plate using impulse
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Fig. 22 Comparison of measured and estimated maxi-
mum deflection of stiffened plate using impulse

T4 L BAbAOENC b BIREE & ZIZRI UKD A
sh (Fig.9), BAWEGZ(3)ATITELR NE—Irb
(Fig. 18), BAR~b&iZ(6)RXTHHE»S (Fig.22) Th
FRHETE 2, o DEBERRUHEEFER, R
SV TREFSHERA S WEFHE TRATE 228, X
R UBEROBEIERSAR &2 LERBERVZ 2
DHEFEELKREL R 5,

HERAEDITE SR T 2 &M 2 EHBAIC DOV TRD
TR A B E I X 2B REMF L th# L T Table 61
Tt ( )i3EHNE R FEMEtE» SR, [ 1BE
EHIRERAE AR U CHEE L7z & O TE OII EERE R
5RDIHDTH S, FREUV FC, FDHEHRICIZ T —¥
ADBREH % BV, HEEE W X 2BRIETZ(T)RD
TRD72o

0ual0vs=0.2751og € +1.25 (7))
DFARERITRESSROAS (, RELFHETRIVT
HBED 30/sec iITET Db Dol UL, FTEER
DUFHAPBERAICET 2 LD bEOITREGTHEED
BEARDFTH tmax BBERVTHRIEL, ZORBTOUT A
HEEIZ VsecBETH o7,

RHEFAER CHRT 2 &M, BRAREISHNEE X
DE L ol DS b AR BEIEEIC X B Tcb & LIZIFRE
EThHotz, FROBER, WERU b L bHEE
LB DL DM kEL Kol BHEROSEIEE
BRUba L LBOHEDHE L ZIRRABETH -T2, &
7z, EHEME L HEEEOED &, HEUESBERT 5 EM4E
B DR SE U C i R ECHERERER 2 IR L e s H A

Table 6 Yielding condition of specimen under static
test and impact test

Static Test Tapact  Test
Nark{ 0ya P & ¢ Tya | Paax | 8max | Wh (Bar-Height)
xgf/ml kef m U/s | kgfraf | kef an kefm

Tii} 38.9 (76.8) | (6.5 | 1.05 | 48.9 357 | 6.81 | 0.57(R11-n400)
T12| 38.9 (40.7) | (23.26) }[1.0) |[48.81] [262](22.5] | [0.41(R12-h200)]
T22| 38.9 (3¢2) | (8.88) | 0.95 | 48.4 | 1236 | 8.9 | 2.99(R22-h500)
T32| 38.9 (403) | (7.34) | 1.0 |[48.61{(1502] | [9.85] | [2.64 (R22-h442)]
T42| 38.9 (150m) | (4.0m | [1.0] |[48.6) | [4186] | [5.29] | [9.70(R4l -h426)1
P16 28.2 (240) | (5.72) | 0.18 | 28.5 640 {10.59 | 3.91(R32-h300)
P33} 31.0 (150) | (3.35) | 0.32 | 34.5 245 | 8.52 | 1.63(R14-h500)
P36} 28.7 (210) | (1.92) | 0.37 | 31.9 | >678 {>5.79 | >2.99(R12-h500)

30 1.95 0.94 } 448 615 | 2.44 | 1.19(R22-h200)
(550) | (2.70) |[0.94]|1[44.91| (541]([2.43] | [0.70(R22-h118)]

FB} 36.1 (1650) | (2.80) | [0.94] | [44.9) | (1094] | [2.43] | [1.39(R22-h232)]

85.6 1.42 0.52 | 36.9 100 | 1.65 | 0.20(R11-h140)
(100) { (1.50) {[0.521{(36.97| (1307 [ [1.661 | [0-14(R11-h100)]

FD}{ 31.6 {(105) (1.20) | 0.55 | 37.1 206 | 1.52 i 0.41(R12-h200)
() : calculated value with theory or FEM

FA| 3.1

FCi 31.5

[ ]: estinated value with test results and equations (3),(4),(6)
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