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RESPONSE EVALUATION AND ANALYSIS USING IMPULSE OF BASE-ISOLATED BUILDINGS
DURING A COLLISION WITH RETAINING WALL

&I BL T S TS 1 Y R R, EAr—F FN—
Hirohisa FUKUI, Hideo FUJITANI, Yoichi MUKAI,
Mai ITO and Gilberto MOSQUEDA

The objective of this study is to examine the effect of the base-isolated buildings during a collision with retaining wall using a shaking table and to
evaluate by numerical simulation. First, the factors that influence the response of superstructure during a collision were identified from the
experimental results. And, an appropriate process was proposed for the evaluation of story shear force. Second, time history analysis using impulse
was proposed. This method could not only reproduce the response of superstructure during a collision, but also indicate the possibility to predict it
without using collision analysis.

Keywords : Collision, Retaining Wall, Base-Isolated Structure, Shaking Table Test, Numerical Simulation, Impulse
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1 Displacement transducer

1443 (mm)

o
Stopper Clearance Retaining Wall
Fig.1 Configuration of base-isolated testing model

Table 1 Structural properties of testing model

Mass Stiffness Damping
Floor (kg) Story (N/mm) coefficient (N - s/m)
Roof 503.5 (=m.) Third 124.3 (=K3) 1145.2 (=C3)
3FL 482.2 (=mj3) Second 119.7 (=K>) 1622.4 (=C>)
2FL 478.2 (=m>) First 158.7 (=K) 1539.5 (=C))
Base- —
1FL 734.8 (=m)) isolated 11.6 (=K3) 430.6 (=C)
Mode
Natural frequency (Hz)
1st 2nd 3rd 4th
Base-isolated 0.36 1.86 3.66 4.78
Base-fixed 1.19 3.32 4.64 -
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(b) Load Cell
Fig.2 Photo of Devices at colliding position

(a) Retaining Wall

Table 2 Young’s modulus and rigidity of rubber member

Young's modulus : £ (MPa) Rigidity : K, (kN/m)
Hardness 50° 3.69 292.23
Hardness 70° 6.82 540.11
Hardness 80° 18.53 1467.47
Hardness 90° 25.99 2058.26
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Fig.3 Time history of responses of base-isolated story and first floor
(Takatori30% ; Hardness 90° ; With collision)

32 BIEBELEBEREREDOEE

321 EEREE-BEAKA

SHIER T 5, WmEEE (v) & 1EOEEAKN (F) o
%% Figure 4 |27, 28413 3.1 Tk~~~ HFIETHRE L, FEEH
e IE, RO VT T URGE LEBO®EELZ 7 2y h LT
%o JEE AW X0 S a7 g N O RESI R TR,

Table 1 (TR L7J@litE A U CRH L, M@2eRTl, @246k Ok
KR %, FEMIERTIE, WRERO7 VT T A A 2
BORKEEAM N E T2y LT3, Figured kv, Lt
D KB AW XN AL U D 2 & T 5E ) & s o M
fRCHIINT 5 2 EDRERTE /o, Fe, TLHMOME (HERED|
PEIAY, LLF THERERIME) &ak25,) SCHUSEEh oS L 5 A
PRISEDOZAGITHEGE C & T HER O AWINTE VR L 220,
IHB ORERITATE & b REROMIN 3G B 12,

OHardness50° AHardness70° OHardness80° ¢ Hardness90° x Without Collision
El Centro

Takatori Hachinohe

IS

Max. story shear force : F9; ya, (kN)
N

o

0 100 200 300 400 500 600 700
Collision velocity : v (mm/s)

Fig.4 Collision velocity vs. story shear force relationship on first story
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Fig.5 Collision velocity vs. floor acceleration relationship on first floor
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Fig.6 Collision velocity vs. impact force relationship on first story
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Table 3 Comparison of Inclination of regression line

Inclination of The amplification ratio to
regression line inclination of Hardness 50°
Hardness Acc. Force Acc. Force

50° 0.014 0.0094 1.00 1.00

70° 0.023 0.016 1.64 1.70

80° 0.034 0.023 2.43 2.44

90° 0.058 0.039 4.14 4.15
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Fig.7 Comparison of story shear force F and F° on first story
(Takatori 38%)
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Fig.8 Fourier spectrums of story shear force F¥ and F on first story
(Takatori 38%)
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Fig.10 Time history of story shear force on first story
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Fig.13 Comparison of relative story displacements and absolute floor accelerations between experiment and numerical simulation
(Takatori 30%, Hardness70°, Collision)

Table 4 Comparison of maximum floor accelerations and story displacements between experiment and numerical simulation
(Takatori 30%, Collision)

Hard Kind of responses Maximum floor acceleration (m/s?) Maximum story displacement (mm)

araness Floor, Story 1FL 2FL 3FL Roof First Second Third

Experiment 2.76 1.67 1.43 1.75 11.03 11.07 7.00

50° Numerical Simulation 2.61 1.67 1.32 1.62 10.06 10.25 6.66
Relative error -5.68% 0.28% -7.86% -7.46% -8.86% -7.45% -4.89%

Experiment 2.24 1.18 1.08 1.31 9.02 8.80 5.10

70° Numerical Simulation 2.35 1.12 0.99 1.28 8.99 8.79 4.81
Relative error 4.81% -5.01% -8.31% -2.15% -0.33% -0.12% -5.74%

Experiment 3.65 1.41 1.23 1.49 9.87 9.66 5.87

80° Numerical Simulation 3.60 1.38 1.13 1.39 9.33 9.01 5.55
Relative error -1.52% -1.81% -8.21% -6.96% -5.51% -6.69% -5.43%

Experiment 8.07 1.71 1.42 1.75 10.96 10.80 6.93

90° Numerical Simulation 7.58 1.57 1.35 1.67 10.71 10.66 6.68
Relative error -6.08% -8.31% -5.83% -4.44% -2.24% -1.28% -3.74%
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Table 5 Value of impulse and collision velocity for each hardness

Hardness 90° Hardness 80° Hardness 70° Hardness 50°

Collision Impulse (kN-s) Collision Impulse (kN-s) Collision Impulse (kN-s) Collision Impulse (kN-s)
Input | velocity Load  Acceler- | velocity Load  Acceler- | Velocity Load  Acceler- | velocity Load  Acceler-

(mm/s) cell ometer (mm/s) cell ometer (mm/s) cell ometer (mm/s) cell ometer
23% 119.3 0.092 0.096 119.1 0.087 0.101 102.4 0.074 0.084 119.7 0.086 0.099
24% 156.4 0.123 0.127 162.7 0.130 0.137 153.0 0.124 0.134 160.9 0.133 0.140
25% 192.3 0.164 0.170 185.4 0.163 0.168 192.7 0.168 0.166 184.1 0.154 0.166
26% 2249 0.177 0.197 216.9 0.201 0.200 222.3 0.183 0.195 218.6 0.188 0.194
27% 244.4 0.214 0.212 250.2 0.220 0.218 247.7 0.214 0.218 242.0 0.203 0.219
28% 275.7 0.237 0.238 273.0 0.243 0.238 271.5 0.242 0.244 272.9 0.243 0.251
29% 296.6 0.254 0.261 295.8 0.254 0.260 290.7 0.261 0.259 288.1 0.263 0.260
30% 318.3 0.282 0.283 312.6 0.279 0.281 313.8 0.291 0.277 314.5 0.281 0.282
31% 337.9 0.294 0.292 338.5 0.298 0.300 333.9 0.301 0.298 338.3 0.306 0.304
32% 359.4 0.324 0.314 358.0 0.321 0.310 352.3 0.325 0.313 357.2 0.328 0.324
33% 379.4 0.333 0.331 379.4 0.345 0.330 376.2 0.351 0.333 378.0 0.357 0.343
34% 392.6 0.341 0.343 399.2 0.355 0.350 397.2 0.358 0.351 393.7 0.359 0.351
35% 424.2 0.374 0.371 427.4 0.382 0.378 438.5 0.391 0.386 423.2 0.381 0.378
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Base-isolated systems have been demonstrated to be an effective structural design to minimize damage to building
superstructures during earthquakes. However, when the deformation of a base-isolated story exceeds design
considerations under extreme earthquake ground motions, a superstructure may collide with a displacement-limiting
device such as the surrounding retaining wall. In this study, collision tests using a shaking table were conducted
considering a collision of a base-isolated model specimen with a retaining wall. Considering the relative story
displacements, the floor accelerations and impact forces measured on the base-isolated model specimen during the
collision, the influence of collision for the superstructure was investigated. Numerical simulation was also carried out
to reproduce the measured responses during the collision and analysis results are compared with experimental results
to validate the numerical model for collision analysis. In addition, time history analysis using impulse which can
reproduce the behavior of superstructure during a collision was proposed. Findings were summarized as follows.

1) The maximum values of story shear force, floor acceleration and impact force during a collision have an almost linear
relationship with collision velocity. The maximum values of floor acceleration and impact force depend on the rigidity
of the retaining wall, whereas, the maximum story shear force depends less on the rigidity of the retaining wall.

2) About the story shear force (F') calculated by summing inertial force, the story shear force (F) becomes close to
the story shear force (FY) calculated by using relative story displacement in case without a collision. However, in a
case with a collision, story shear forces F* and F” become different because of acceleration responses including high-
frequency components. By considering floor acceleration responses filtered out the range over than the highest
natural frequency of testing model, both the story shear forces F' and F¢ during a collision become the similar value.

3) By calculating the impulse using the first floor impact force measured by a load cell, it was found that the impulse
depends less on the wall rigidity. Because, although the impact force increases, the impact duration decreases about
the increase of wall rigidity. Therefore, the maximum story shear force of the superstructure depends on the impulse
and the maximum floor acceleration depends on the maximum impact force.

4) The collision analysis including collision spring for MDOF model can accurately reproduce the experimental results.
Furthermore, it is confirmed that the response of superstructure during a collision can be well-reproduced by using
numerical analysis which applies time history of the impulse to the first floor, and the maximum floor acceleration
and story shear force also have good agreement with experimental results. By using this analysis method, the
possibility to easily predict the maximum response of superstructure during a collision can be indicated without

using collision analysis.
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