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EXPERIMENTAL STUDY ON THE ELASTIC-PLASTIC
RESPONSE OF STEEL FRAMES UNDER DYNAMIC
EXCITATION BY MEANS OF A SHAKING TABLE

(PART II)

By Minoru WaxaBavasHi, Takeshi NAKAMURA, Nozomu YOSHIDA
Satoski Iwai, and Hidehiro TAkAI

Synopsis

In the previous paper, the results of shaking table tests and dynamic response analysis were
reported.

In this paper, restoring force characteristics based on the static loading tests were modificd
to apply in the response analysis taking account of the effect of a high strain rate. From the
comparison between dynamic and static behavior, it is recognized that the strength of a frame
increases by the effect of a strain rate. On the basis of this result, restoring force characteristics
were modified and applied in the response analysis. The time history of the acceleration re-
sponse could be predicted with a sufficient accuracy by the response analysis, but that of the
story-drift response from analysis did not fall completely on the test results, mainly because of
the inaccurate estimation of an in-elastic flow of a deformation response in a plastic region.
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Table 1. Measured Dimensions of Test Specimens

SPECIMEN COLUMN BRACE
| _NAME B (wen) D (mm) | h(mm) {B(mm) |D(mm) | 1(mm)} A

OF 40D [10.02| 4.07] 40.16

OF 80D | 9.97] 5.90| 79.99

OF120D 110.01] 7.26]120.00

BF 40D [10.01} 4.12| 40.99] 3.59] 2.51| 57.12| 39

BF 80D | 9.97] 5.92| 79.99] 3.45| 2.42(113.00| 81
| BF120D 110.00} 7.271120.00; 3.62] 2.52]163.90{117

OF 40S | 9,99} 4.05] 40.10

OF 80S | 9.98} 5.90{ 79.98

OF120S 110.00} 7.25120.03

BF 40S [10.00f 4.04 40.13| 3.43] 2.49| 56.52] 39

BF 80S | 9.99| 5.90| 80.01| 3.42) 2.44|112.99| 80
L BF120S | 9.981 7.261119.90] 3.64f 2.51{170.05{117

Table 2. Mechanical Properties of Material

Columns Braces

Yield Stress
yield strain

Strain hardening Strain |0.0295 0.0339
Ultimate Strength 4,22 t/cm? | 4.01 t/cm?
Ultimate Strain 0.35 0.21

2.76 t/cm2 | 2.73 t/cm?
0.00131 0.00130

® HHECORUER, JIS 1 SR8 ICRHT2-ETH S,
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Table 3. Fundamental Praperties of Test Structures

[sPECIMEN] & a Q Q |9 W |Q Analysis Test

bt L oS3 oy Lo | dti | cedn | Py Leeom | ¥ Ko o T [ne sz%(z_)
OF 40D |0.256 0.221 0.221 0.548(0.403(0.122]0.051 [19.8 [0.058 [17.3 [0.6
OF 80D 0,707 0.233 0.233 0.548{0.425|0,084]0.082 |12.2 |0.092 [10.9 [1.5
OF120D |1.297 0.235 0.235 0.54810.429)0.068/0.110 | 9.1 10.124 | 8.1 {.0
BF 40D |0.219]0,105(0.176]0.69710.8730,798|1.946]0.44910.428/0,032 [30.8 [0.040 ]25.3 1.2
BF 80D [0.647 |0.208]0.2040.645]0.849[0.760|1.946]0.4360.299{0.048 |20.9 }0.054 |18.7 [0.8
BF120D |1.226]0.312]0.209]0.705]0.91410.7711.946]0.470[0.243}0.057 ]17.6 10.080 112.4 }12.0
OF 40S [0.256 0.218 0.218 0.5480.3980.123|0.051 [19.6

OF 80s [0.707 0.233 0.233 0.5480.42510.084(0.082 [12.2

0F120S |1.299 0.234 0.234 0.548]0.42710.069{0.111 | 9.0

BF 40S |0.21210.1040.171]0.660|0.831 0,794 [1.946]0.427 [0.437{0,033 [30.2

BF 805 |0.650{0.208]0.202]0.645 /0,847 0.762[1.946/0.435[0.299{0.048 |20.9
| BF1205 | 0,313]0.208]0,706 o.91aJo.77z 1.946[0.470]0.244]0.057 |17.6

Difterential

Transformer

Col
Base

Ditferential
Transformer

Lateral Brace
(b) Braced Frame
Fig. 2. Test Set-up
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HEEROMRE ONIHEINEE ap, BRROBREIEE o, & XU BERE KR & O \5KFEZEA 4
DOWZE, 130 CICBHOEITLH Q EAMKTEEN 4 LOB%E Figs.8~13 © (a) TR, BHlOE
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(3) BF40D 0iF&id, HHVHEEL, AEbBRUTELES KR RS- TRAMEZEGEL,
ZOREFRBRAICEE > T

(4) BF80D, BF120D 0i&id, EROTMCHIPOMBERL, BOBRL, ZEHSRELT Y B
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WIOAKEMAEROBRIG oM, HEH Q LKFEN 4 L ORFR%E Figs.3, 4 10RT, M, £k
B EM D ERERE, WRRENHEEREREZZhENRY, Fe 3 TR, HXH Q 13, Fhifg

(a) OF40S and OF40D (b) OF80S and OF80D (c) OF120S and OF120D

Fig. 3. Comparison of Restoring Force of Columns
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(d) BF40S and BF40D (¢) BF80S and BF80D
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Fig. 4. Comparison of Restoring Force of Frames
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Fig. 5. Comparison between Static and

Dynamic Strength
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LD LS BEEEEARRT ZBAIC, BRIBHERIO~BHRERE LR T5 C EBEHFICL > TERN
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(a) Bi-linear Model for Columns (b) Hysteretic Rule of a Brace (c) Superposition of Restoring Force

Fig. 6. Formulation of Hysterctic Restoring Force Characteristics
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(a) Result of Shaking Table Test
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(b) Result of Response Analysis
Fig. 9. OF80D
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(a) Result of Shaking Table Test

(b) Result of Response Analysis
Fig. 10. OF120D
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(a) Result of Shaking Table Test
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(b) Result of Response Analysis
Fig. 11. BF40D
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(a) Result of Shaking Table Test

(b) Result of Response Analysis
Fig. 12. BF80D
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(b) Result of Response Analysis
Fig. 13. BF120D
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(1) OF40D (Fig.8)

JEEFRNTIZINIRE 6 BIIC OV TITIE o 7oo BRI OVWTHIRT 2 &, BNMHERBER, IHERIT
R, WS TROTHIRAGRLE > TVED, BIZEARBHIIGEVRER LTS BHR
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(2) OF80D (Fig.9)
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2.56 mm ZEE LK, RPOTLBOTIICES, ST



bk Ay - B - B - B BRBSERVCHEEROBRIRER (£02) 183

(3) OF120D (Fig.10)
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(4) BF40D (Fig.11)
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(5) BF80D (Fig.12)
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(6) BF120D (Fig.13)
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