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SUMMARY

Dynamic characteristics of an actual size steel frame was mesured in the shaking
table tests and impulse-hummer tests. The impulse-hummer tests are useful the estima-
tion of natural frequencies. The computer simulation program was developed for
shaking table tests, including the control systems. The computer simulation of
shaking table tests is necessary to conduct the shaking table test of the structure
accurately. The eartquake observations, using six components seismograph, shows that
the tortional vibrations have bheen observed even for a synmetric sturucture.

INTRODUCTION

The dynamic analysis methods have become to be often used for the earthquake-
resistant design of the structure in resent years. Static experiments on earthquake-
resistant performance of structural elements, dynamic experiments of structures
using a shaking table and observation of earthquake response of structures are perfo-
rmed to verify the validity of analysis methods.

However, the studies that one structure was tested on the shaking table and
ground surface, are a few. :

In recent years the shaking table with three-dimensional six degree freedom is
developed, but rotational motion is rarely used as a input of the shaking table exita-
tion. [t is one reason that observation of rotional motion has not been recorded
directly. Therefore, we developed the seismograph with six mesurament components(
three dimentional six freedom) and we used it to observation of eartquake response of
the structure.

In the shaking table tests of the structure, interaction effects between shaking
table and structure is rarely considered. In the analysis of the shaking table data,
it may be necessary to consider the shaking table systems. In this reason, the
dynamic test structure simulations including the shaking table control system, were
tried.

MATERIAL AND METHOD

Outline of Actual Size Steel Frame Photo 1 and Fig.l show the actual size steel
frame model used in the test (herein-after called the test frame). Moreover, the
members size of the test frame is shown in Table 1. The test frame had a span and two
stories, which were forced with a single brace of L-shaped steel bar (L-75%7x5%2) in
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the direction of excitation Cherein-after called the X direction). In the direction
perpendicular to excitation (herein-after called the Y direction), double braces were
equipped: L-90x90x10 for the first story and L-75x75%6 for the second story. The
braces in the X direction could be detached both of the two stories. Eight concrete
blocks (1.6 * 1.6 x 1.6 (m)) were placed on each story. The test frame was constru-
cted with bolted joint. So this frame would be easily reconstructed.

To install the test frame on the shaking table, the pedestals were bolted on the
cross-shaped steel base, which was bolted on the shaking table. This frame was insta-
lled on the reinforced concrete foundation on the ground surface by fixing anchor bolt
set.

Table 1 Member size of test frame

Story Element

Direction

Structual steel

Colaun

BH-300x200x12x19

Bean

X

H-588%x300x12%x20

H-450x200x%x9x14

Brace

L-75%75x86

<= |=<

L-90x90x10

Column

BH-300x160%x9%x12

Bean

H-488x300x11x18

H-400x200x8%x13

Brace

L-75X75%6

Y L-75%X75x6

I\ T t t 7

3000
4

3000

(a) X direction

(b) Y direction
Fig.1 Actual size steel frame

Test Method
A. Test on large shaking table
a. Shaking table excitation test
Three types of the test frames, with double side ,with single side and
without braces in the X direction, were tested by exciting the shaking table
with sinusoidal vibration (1 - 10 Hz). The test frame without braces in the X
direction was tested with pulse excitation.
b. Impulse-hammer test
Three types of the tests frame wrer tested by exciting at the junction of
the column and beam with a hammer (approx. 5.9 kg). The shaking table was
stopped and settled during the tests.
B. Test on the foundation of the ground surface
a. Test using the ground vibration excited by shaking table
The ground vibration by exciting the large shaking table was used as input
motion to the test frame without braces in the X direction. Fig. 2 shows the
position of the large shaking table and the test frame. Fig. 3 shows the
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boring log near the installation site of the test frame, and Fig. 4 shows the
foundation for the test frame. The foundation, 5.6mx5.8mx0.35m, is equipped
with the foundation beam of 1.2 meters in height and 0.4 meters in width on the
periphery, totally weighing about 60 ton.
b. Impulse-hammer test

The test frame installed on the BORING
reinforced concrete foundation on the ° l‘“‘
grand surface was tested by the same
test method as in the impulse-hammer
test on the shaking table.
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Fig.4 Foundation of
Fig.3 Boring log test frame

C. Seismic observation

The seismic observation is conducted
by installing the seismograph on the test
frame and the the reinforced concrete based
on the ground surface. Fig. 5 shows the

t one cowponent

installation position of the seismograph, o six coxponents |
and the direction of the seismic observation. 5o
RESULTS Fig.5 Position of seismograph J_ ’i‘

Results of Test on Large Shaking Table Table 2 shows the first natural frequency and
the damping ratio of the test frame obtained by the shaking table excitation test and
the impulse-hammer method on the large shaking table. The frequency in the X dire-
ction was 2.0 Hz in the shaking table excita-

tion and 2.12 Hz in the impulse-hammer method, Table 2 Results

showing similar values. The damping ratio was (on the shaking table)

1.84% in the shaking table excitation and 0.29% P— TRV R —
in the impulse-hammer method, 75% less than the — T Trepes| st [rresned] Tavpios [Fromeener] suvin
value of the shaking table excitation. The o 3?5 u;g tﬁa 023 I:n 1:3
frequency of the test frame of the Y and to- Double side [——hemmer] = : : : -
rtion directions in the shaking table excitation e 2.8 1397 43 | - |8

and in the impulse-hammer method show similar s sl tomer 280 1038 | 848 1OAT | = | =
values as in the test of the X direction. o (24 |S2L MY - 192
Since the direction of excitation was the X viowows | bomnee| 212 | 0-29 | 4,37 | 133 | 8,78 1069
direction alone in the shaking table excita- vave (2.0 [ 1.94 | 4.38 | — |80 | —
tion, the damping ratio of the Y and tortion beston Mo | 147 ) — (A1) — | - | -~
direction could not accurately obtained. Githont brace)) Fix | 2.70 | — | 481 | — | — | —

Fig. 6 shows the resonance curve of the test
frame obtained by shaking table excitation.
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The acceleration of the shaking table at the shaking sop
table excitation was 20 gal,and the acceleration of the
test frame at resonance point was 300 gal on the second
story.

— Double side
— Single side

— Without braces
20 b

Results of Test on Foundation Table 3 shows results of
the ground vibration test generated by the shaking table
excitation. It also shows results of the test by the

impulse-hammer method. The natural frequencies the test ol
frame in the X, Y and tortion directions show almost the
same results in both tests. However, the damping ratio ZZ

Anplitude

of the test frame was 1.90% inthe X direction and 4.10%
in the Y direction in the ground vibration test, while e
the respective figures in the impulse-hammer method became 1z 3458713 m
0.64%and 1.88%, 50 or 60% less than those in the ground Frequency(H)
vibration test. Fig.6 Resonance curve

The multi-degree of freedom model, taking rocking and sway into consideration for
ground vibration test of the test frame on foundation, was used to conduct simulation
with a computer. The ground was assumed to be a semi-finite elastic body with-Poisson
’s ratio of 0.45, unit volume weight of 1.54 t/m¥x3, and shear wave speed of 145 m/s,
and rigidity, additional mass, and damping for the foundation were taken into conside-
ration. Fig. 7 shows resonance curves of the test frame obtained by the ground vibra-
ion test and by the simulation.

The acceleration of the ground near the sor — Test R;
test frame in the ground vibration test was — BASE
0.1 gal at the excitation frequency of 2 Hz. b - Theo. RF

- BASE
Table 3 Results (on the ground) ]
= 20t
Direction X direction Y direction Tortion L)
Input Frequency| Damping |Frequency| Damping |Frequency| Damping
Hz % Hz % Hz % 1or

Inpulse hummer 2.08| 0.64| 3.54| 1.88| 6.92| 1.42
sinusoidal wave 2.08 1.90| 3.55| 4.10| 6.90 -
Theory 2.13 1.48 - - - -

Frequency(Hz)

Fig.7 Resonance curve

Seismic Observation Results The system outline of six components seismograph is
shown in Fig. 8. The each component of this seismograph was made up by adding or
subtracting the outputs of six sensors by the electric

amplifier. v,
Several significant waves were observed as of now. Q-
Fig. 9 shows the comparisons of six components seismo- 20 i sensor
graph records and the waves obtained by one component 4! ol p.x2
seismogrphs. The rocking motions about X,Y axis and 8 i
the up-down motion which were synthesized from the -Ef\rngv: 1
A Z'X .
up—down waves of one component seismographs. To verify Efffg ;\f\fEalz

adjustment of synthetic waves and waves observed by the
six components seismograph, both waveforms were checked
for correlation. The correlation in the angles of
rotation were 0.85 in the N-S and 0.89 in the E-V.

The correlation of vertical waveforms was 0.64.

i R AT X

-------- &P J<>EFE ] o,

Tortion(1F)comp. in Fig 9 was synthsized from the D g"Y
first floor recods. Fig 10 shows a spectrum of the f b R ESEE DS,
tortion component of the test frame recorded by the : L P A5 12
six components seismograph. There was a major peak ==

at 6 Hz, and this frequency is thought the the first e EE 0y

natural frequency of the tortion of the test frame. Fig.8 Outline of six components
seismograph
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Fig.9 Comparisons of two kinds waves

A two-direction model of the test frame,
taking rocking and sway into consideration was
used, and waveforms in the E-W and N-S were used
as input of the model for responce analysis.
Fig. 11 shows the results. The rigidity of the
test frame was obtained from the above-mentioned
test results, and that of the ground spring was
obtained parametrically. The difference of the
center of gravity and the center of rigidity was
assumed to be 60cm in N-S on each floor and to be
0 cm in E-¥ on each floor.

Fig. 11 Results of two-direction model

Results of Computer Simulations Considering the Mechanism of Shaking Table The sha-
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Fig.10 Fourier spectrum of
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king table has displacement-controlled system.

this test was the displacement wave of EL Centro, 1940, N-S.
model of a shaking table test that has hydraulic actustors with servo control systenms,
In this model, the non-linearities of oil flow in servo valves,

is shown in Fig. 12.

The displacement command signal in
The computer simulation

and of oil column rigidities in actuators are considered.

T2

%1

!
rd
: SERVO
AMP.
ACTUATOR
a SERVO SIGNAL
7 P =
m; $ JVALVE

Fig.12 Computer simulation model
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SERVO VALVE : g * h wg £g + us? zg = wg? Kg(s; - 5g = kp Pg - Ky Ty - kg Ty)

The equations of this models are shown as follows.

- zq) P
ACTUATOR : '§ Z, + v Sx){/ll + S By + kg Pg = ky flzg) [1 -i_;d_
s

kg flxg): sarvo valve cheracteristic S © section ares of piston
V1: volume of ¢y V2: volume of ce
k-L: leak rate from contact V i vy+vp ACTUATOR

Pg: difference pressure between ¢, and ¢,

ig. t 1
The tests results of the frame without Fig. 13 Actuator and servo valve

braces in X direction is shown in Fig. 14. a sToRY Dise. (AU (0160 @

The results of computer simulations of the —»'\/V\J\/VV\/VWWV\/\/VVW’\/\/VWVWWV‘""'
shaking table tests are also shown in Fig. 14. 202 sTony orse. tnersiaze) v 45771

The difference between the simulation and

the test was recognized in the peak accelera- B Jae sToRY prse.eac.) 2,392 e

tion of the shaking table. But, the differe-

nce of the two results was a little, 7 ¥ in © ) sae sroms ossr.aasunen) v 24227

the acceleration of the second story.

impulse-hammer method is convenient compared

1.2886 o=

WW’M/\/VW

CUNCLUSION 6 , TASLZ DISP.(MEASURED) § 1.2686

The vibration test of a structure in the , 70,7413 sat

2nd STORY ACCEL. (CALCU.)

with the test using a shaking table and effe- . 827.8558 qat

2nd STORY ACCEL. (MEASURED) <

ctive in obtaining the frequency of the natural ——wi\w—vmivvawi s
mode of the test frame. However, it is not S lwe SRy accer(@ucua  322.8901 ga

suitable for evaluation of damping of the test —NMWM%WWVMWJ\W\!WWWWW

fl‘ ame. Lot sTORY ACCEL. (weasureo) 2862207 gy

Even a symmetrically shaped structure may _«,\W NW\WV\{\NWA{UWN\/\ANV\«MA
generate twist vibration due to the scarcity ete et | F02-3135
of construction accuracies and impact such as _a"nb}\a.,}.ﬁﬁdﬁwwww
earthquakes. 2727758 gu

The computer simulation of shaking table koo oot
tests are useful, and will be possible for \&( W{wcsm i
non-linear structures. ——“"\J«\ Y
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