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LARGE PLASTIC DEFORMATION OF A STRUCTURE
DUE TO IMPACT

——AN EXPERIMENTAL STUDY ON A PORTAL FRAME
SUBJECTED TO IMPULSIVE LOADING, REPORT NO.1

By Minoru WAKABAYASHI, Taijiro NONAKA and Koichi MINAMI

Abstract

A preliminary test is performed for the study of large permanent deformation of the
columns in a portal frame under horizontal impact loading. The column specimens are
made of mild steel and aluminum alloy plates. The impact load is applied by detonating
an electric blasting cap or by means of a ballistic pendulum. The force is measured
piezo-electrically, and the impulse by the swings of a bifilar pendulum. The theoretical
analysis follows the principle introduced in an earlier paper, and a general consensus is

seen with the experimental results.
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Fig. 1 Apparatus for Loading by Input Ballistic Pendulum
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Table 1 Common Properties for Specimens

Static Yield Stress Young's Modulus D »

ao(108kg/cm?) E(10%kg/cm?) sec, !
Mild Steel 2.45 2.10 40.4 5
Aluminum 1.15 0.61 6500 4

Fig. 5 Apparatus for Static Test
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Fig. 6 Static Test Results
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Fig. 8 Evaluation of k-Value
Table 2 Evaluation of k-Value
Synchroscope Measurement Pendulum Measurement
Test o T k
Number Vimax " Jov it o SOP(D‘” gr. /volt
volt 10-%sec. volt sec. cm gr. sec.
1 812 800 0.394 5.16 246 625
2 1280 750 0.582 7.84 375 645
3 1710 750 0.779 10.0 480 602
BaTiOy 4 2380 70 | 102 | 125 598 72
5 2740 | 690 | 1149 | 14.9 mo | en
6 3420 67 1405 | 17.4 830 590
7 2360 700 1.005 12.7 608 606
1 404 835 0.209 2.60 124 594
2 880 o 0.402 | 520 248 618
3 1330 0 | 0580 | 7.60 363 625
BaTiOy | 1220 690 0.518 6.68 | 32 68
5 1890 65 0.793 10.4 496 65
6 1940 | 690 0.830 10.5 502 605
7 2470 675 1020 | 13.0 622 620
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Fig. 9 Voltage (Load)-Time Relation
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DR RS TRAETZRIBI, 3EA L, ZRIBHOLIT, XHT7) LA, EHIEEEHMGICE
FLTAT TR D, SEHOPREMNL, ERNLEER T 5,

WHTHIC L > TRINEh =k ¥ -, BOMITFIZL > TERINEBIRABHE=FLF - LD
Ri¥, 3L ALEMN5~15TH -7 (Table 3),



E - B - B EROE S U ABEDOBEER 399

(a) Mild Steel Specimen (a) Mild Steel Specimen

(b) Aluminum Specimen (b) Aluminum Specimen
Fig. 10 Deformed Specimen Due to Fig. 11 Deformed Specimen Due to
Pendulum Loading Blasting Cap Loading
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Fig. 12 Deformation Process for The Period of 3/10 sec.
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Fig- 14(a) Test Results of Pendulum Loading Fig. 14(b) Test Results of Blasting Cap Lgading
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V & E:]
AFERICENT, F2 VBN U AREBR Y - T, Impact EHO FEALVAOH Y OZ LD, EHARE

&, HBHEIOHN 100 kDA —2—THoHZ LD,

Licdio T,

RlaEBEE Y AV 28581
3, MEBACERTHLDLELL TRV Eaibhol, ZOFHERITE T, FRIEL, BEYw
1 BHEERE LT, BREREYRDLH 1) OFEUEE X —K LT,

Table 3 (a) Test Results of Pendulum Loading

Mo | BB AL 1 | e e
PFS1-1 |0.99|0.100{ 11.0 | 5.94 366 | 117 | 0.98 | 0.511) 0.165 3.09| 170
PFS1—2 | 1.00|0.097 11.0 | 5.75 523 | 161 |1.84 | 0.729] 0.320 8.68 251
PFS1—3 | 1.000.100 11.0 | 6.00{ 498 | 153 | 1.75 | 0.662 0.203 6.16| 228
PFS1—4 |0.99[0.097 10.0 | 5.97 664 | 201 |2.50 | 0.834] 0.418 7.24 278
Mild Steel |PFS2—1 | 1.50 | 0.100[ 11.0 | 9.00, 550 | 178 | 0.85 | 0.514 0.095 2.68 168
Specimens |pF 22 | 1.49 | 0.101 11.0 | 9.10 681 | 274 | 3.15 [ 0.782 0.346 9.95 206
PFS2-3 |1490.101 1.0 | 9.10{ 1210 | 324 | 4.68 | 0.926/ 0.515 15.0 | 366
PFS3—1 |2.01|0.10011.0 [ 12.0 | 733 | 212 |0.98 | 0.460( 0.082 14.9 | 168
PFS3—2 | 2.00]0.101 11.0 | 12.2 | 705 254|191 0.543 0.157 6.02 159
PFS3-3 |2.03]0.100 11.0 | 12.0 | 915| 252 | 1.76 | 0.540] 0.147 5.57] 210
PFAI—1 | 1.10|0.151 11.0 | 6.65 575| 161 1.73 | 0.628| 0.260| 5.46 247
PFA1—2 | 1.06|0.149 1.0 | 6.75 73L| 221|3.76 |0.852[ 0.557 10.7 | 298
PFA1-3 |1.08|0.150 11.0| 7.35 915 | 271 |5.69 | 0.960| 0.774 16.9 | 342
PFA2—1 |152|0.150 11.0 | 9.81 836 | 287 | 3.60 | 0.760| 0.368 10.4 | 234
PFA2—2 | 153 |0.150 11.0 | 9.89 523 | 165 | 0.65 | 0.434/ 0.066 1.54 146
PFA2-3 | 152|0.149 1.0 | 9.71) 1150 | 316 | 4.39 | 0.843 0.452 12.2 | 3%
Aluminum [P FA4—1 | 0.98 | 0.203 11.0 | 1.4 | 760 | 246 | 1.74 | 0.556( 0.152 6.58 183
Specimens |PFA4—2 [ 1.05 | 0.203 11.0 | 11.6 | 1260 | 328 | 2.58 | 0.735 0.222] 9.89 299
PFA4—3 |0.98 |0.202( 11.0 [ 11.4 | 575 | 185 | 0.74 | 0.421) 0.065 2.81 139
PFA10A—3 | 1.27 | 0.101 10.0 | 3.75 239 | 71 |0.51 |0.468 0.136 1.15 222
PFAI0B—4 | 1.74 | 0.101) 10.0 | 5.11] 452 | 141 | 1.05 | 0.696( 0.201 2.40 221
PFA10B—5 | 1.70 | 0.098 10.0 | 4.69 611 | 188 | 3.21 | 0.992( 0.685 6.97 325
PFA10G—3 | 1.21 | 0.196 10.0 | 13.6 | 850 | 267 | 1.02 | 0.484 0.075 4.50/ 156
PFA10G—4 | 1.16 | 0.197 10.0 | 12.9 | 1240 | 374 | 2.43 | 0.732] 0.188] 10.7 | 241
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Table 3 (b) Test Results of Blasting Cap Loading

Specimen Bl E |8l 1]s| 5] 5]

Number cm | em | em o o Mo |gr.sec| cm :

BS10C—1 |1.99|0.099 10.0 | 12.0 | 1.62 | 324 | 1.89 | 0.416 0.097| 6.12
Mild Steel BS11C—1 |2.00|0.098 11.0 | 11.8 | 1.65 | 430 | 3.79 | 0.572 0.193| 10.3
Specimens BS11E—1 | 1.48)0.161 11.0 | 23.5 | 1.63 | 387 | 1.11 | 0.262 0.029| 5.03

BS11C—2 | 1.99 |0.007| 11.0 | 11.7 | 1.63 | 380 | 2.51 | 0.518| 0.131] 6.86
Aluminum BAI1OE—1 | 1.74|0.151 10.0 | 11.5 | 1.16 | 331 | 2.36 | 0.616 0.177| 8.23
Specimens BAIOI—1 |2.15(0.198 10.0 | 25.2 | 1.17 | 452 | 1.78 | 0.380} 0.061| 8.26

Bl fi2
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