2 TSI H#iE) 2 % 0 B LR E M OB AR
201 RBERE BB O

ko E-BE B=-JuE BEB

DYNAMIC FAILURE PROCESS OF SPACE STRUCTURES SUBJECTED
TO BI-DIRECTIONAL HORIZONTAL GROUND MOTION

PART 1 COMPARIZON BETWEEN EXPERIMENTAL
AND ANALYTICAL RESULTS

BY Minoru WAKABAYASHI, Zeizo FujiwAra and A4/0 KITAHARA

Synopsis

It is very important for the aseismic safety of building structures to make clear the dynamic
failure process of space frame structures subjected to two directional horizontal ground motion, espec-
ially in the case of the structure with weak columns.

In this paper, dynamic behaviors of single story frame structures subjected to bi-directional
ground motions were experimentally investigated by using a shaking table and compared with the
behaviors of the same structures subjected to uni-directional ground motion. The model structures
used here are composed of the roof weight and rigidly connected steel columns having rectangular
section, which have different frequency characteristics in each direction.

The response analysis of space frame structures, in which a hysteresis rule similar to Ramberg-
Osgood type, between an equivalent force and corresponding deformation of arbitrary cross-section
along columns is formulated, satisfactorily duplicates the dynamic behavior of space frame structures.
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Table 1. Mechanical properties of material.
SPECIMEN AREA(cm?) 7y(ton) 7y(ton) oy(ton/cm?) outon/cm?) ey €u
STANDERD No.1  3.60 9.37  14.75 2,60 4.10 —  0.305
2 3.58 9.31 14.75 2,60 4.12 0.018 0,297
3 3,59 9.38 14.82 2.61 4,13 0.018 0.314
AVERAGE 2.60 4,12 0,018 0. 305
USED No.l 072 L9 300 270 416 0017 0.220
COLUMN 2 0.72 1.98 3.03 2.73 4.19 — 0.278
3 0.73 2.02 3.05 2,77 4,18 — 0. 226
AVERAGE 2.73 4.

18 0.017 0. 241
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Table 2. Measured dimensions of columns and fundamental properties of models.

| DIMENSION

A:l Q!/ N Q!/ Qu

MODEL — - - —— ‘ B2
B(mm) , D(mm) | H(mm) ~ (mm) (ton) Ny w (ton)

A-X |X| 10.03 6.05 | 80.00 0.422 0.153 0.079 0.283 0.234
AY Y 9,98 6.03 | 80.00 0. 254 0.252  0.082 0.467 0.386

X 0,422 0.151 0. 280 0.232
AXY ! 10,01, 6,02 80.00 ., 0.081
; 0.255 0.252 0.467 | 0.3%6

BX Ix! 10.08! 7.25|120.00| 0.805 | 0149 | 0.058 1 0.276 | 0.228
| g !
BY Y| 994 7.33 12000 0581 | 0.207 | 0.068  0.383 | 0.317

X | 0.799 | 0.151 ’ 0.280 | 0.231
B-XY ' 9.99 ' 7.30 | 120.00 | 0.068
Y 0.583 0.207 | . 0.383 0.317
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Table 3. Basic characteristics of shaking table.

SHAKER ELECTRO-MAGNETIC TYPE (bi-axial horizontal direction)
TABLE SIZE 2.5x2.5m?

ALLOWABLE LOAD 5 ton (-}-Table weight 3 ton)

FREQUENCY RANGE 0.2~200Hz

MAX. EXCITING FORCE 4 ton (per one direction)

ALLOWABLE STROKE LENGTH 450 mm
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Fig. 2. View of shaking table test.
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Photo. 1. View of shaking table test. Photo. 2. Detail of column conncction.
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Fig. 4. Power spectra of table and roof accelerations.
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Fig. 5. Resonance curve of model A and B.
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Table 4. Dynamic characteristics of model structures.
i
MODEL fo 1 N 1 f2 k2
Hz)  (Hz) | (%) | (H | (%)
AX IX| 128 1L6| 20 ‘ 0.0 0.5
AY v, 213, 164| 07 166| 0.6
X — 10.4] 03 103| o7
A-XY
s —i 160| 04 163| 20
BX |x| 91 79 0.41 78] 03
BY Y| 127 1 0.4 L1 104) 07
1 I ~ i
xi -1 80| 11l — -
B-XY ‘
v - 107, L2 - -

B-X & VOREIEHERIIBH ORER

ERREAEFMCONT, WHERE, RERTAET LW A (A-XY1, B-XY1), BjfHER (A-
XY2, B-XY2) OJEICITE » 7o #-T, BIRBHBOKRI, RO RRICE > TE U BRHERZH
SfEE LTIRE Lo % ORETRmMSRE L € SICHIET 5, REEEOMELRET 2700ic, #l
B2l  £RBRICOWT, Mg nkEy, AR, INEBERER, WM, BREN, BiER, BEEA

Table 5. Maximum responses of model structures due to shaking table tests.

TABLE | ROOF RA | INERTIAL| ROOF | MAX. | SHEAR
MODEL | ACC.  ACC. XA FORCE | DISP. . DUC. | FORCE
, @ 1 ® Sl tem | (mm) (ton)
AX X 043 Loo0a7 1.09 | 0.26 2.74 6.51 0.36
AY Y| 07| 0.8 Lo | 0.48 1.47 5.79 0.54
(X024 046 1.92 0.26 L7 4,15 0.28
A-XY1 | |
Y047 | 0.69 147 0.38 1.10 4.31 0.42
'x! o4 0.51 . 124 ) 0.29 11.98 28.38 | 0.36
A-XY2 | :
Y099 100 | 1ol ! 0.56 10.03 | 39.33 0.70
B-X tx; 0.46 0.48 104 | 0.27 | 447 5.55 0.36
B-Y EYE 0.53 0.69 | 1.30 1 0.39 5.59 9.62 0.44
x| 032 0.36 Loo | 019 5.22 | 6.53 0.24
B-XYL | | | '
Y| 0.56 0.65 116 | 0.37 . 502 | 86l 0.42
X| o 0.41 0.37 0.90 021 | 780 | 97 0.26
BXYZ | i \
vl o7 0.71 | 0.92 0.41 | 7.64 | 13.10 0.44




EA VO |

Wi )10 he KAt Table 5 12759, ISR AT RN
IR AL LT D08, BIOLERIE A S
Ko 7z AR B> [IMDTH DI, LIToid
IETREMAILTO S, E/, WWEEAW A AD
R B B K H IO MIEO S Hin b, v v A
2. 1x10%0om/em? & U TISINTISIL TREDHEA
Wi 3%k, ENODORPEMEANIE LTS,

2 JifiRIR A I 645 X7 (S5 Jrn) o ZEfy
JEFERIRE Y iy GRsboinm & K& <750, 4%
1, ROLENTH OB R A Lz 7 v B-XY
O & FTZ OISR < BDALS o WHE LIS
MR T UTRDIc, OFT B — MR

1 s

Fnts

Lt e

e

2 FTUR T B 22 0F 5 STARMERAD O T g1 gt

135

Photo. 3. Residual deformation of column A-Y

after test,
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Experimental responses of model A due to uni-axial ground motion.
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Fig. 11. Experimental responses of model B due to bi-axial severe motion.
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Fig. 12. Analytical responses of model A due to uni-axial ground motion.
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Fig. 13. Analytical responses of model A due to bi-axial ground motion.
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Fig. 14. Analytical responses of model A due to bi-axial severe motion.
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Fig. 15. Analytical responses of model B due to uin-axial ground motion.
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Fig. 16. Analytical responses of model B due to bi-axial ground motion.
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Fig. 17. Analytical responses of model B due to bi-axial severe motion.
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