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Three Dimensional Shaking Table Test of Small Scale Model Structures
By
N. Ogawa and C. Minowa

National Research Center for Disaster Prevention, Japan

Abstract

Dynamic behaviour of structures submitted to three dimensional earthquake
motion is one of the principal subjects to be studied in earthquake engineering, but at
present, there are very few investigations in this field. The authors intended to make a
progress of experimental studies and, as the first step, tried a three dimensional shaking
table test of small scale model structures.

The test models used are simple piping systems made of steel wire, a rectangular
liquid tank made of chloride vinyl, a mini-scale banking of soil and piled wooden blocks.
The small scale three dimensional shaking table manufactured for trial by HITACHI,
Ltd. was used for these experiments.

These experiments gave some results as follows:

1. Natural vibrations of model piping systems measured by each one dimensional
excitation well agreed with calculated values, and in multi-dimensional excita-
tion, they appeared together corresponding to shaking directions. And the
different effects of two types of support conditions (fixed or elastic movable)
were clearly observed.

2. In the test of rectangular water tank, the nonlinear sloshing behaviours and the
increases of sloshing periods caused by side wall flexibilities were observed.
These phenomena were compared with theories. The multi-dimensional re-
sponses of seismic wave excitations would be almost explained by the super-
positions of one dimensional response.

3. Three banking models were tested and collapsed by some excitations, but these
tests were not satisfactory to compare one or multi-dimensional responses
because of the difficulty of model production and design of input signal.

4. Piled wooden blocks was tested by 14 cases of excitation, and fell down with
torsion of block columns by the excitations including two horizontal directions.
This phenomenon was not observed in one dimensional shaking test.
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BEFVIMEFIIN - 7L — b RIEFELUCKHE (34mm @834 7 ) i H 5 T EE
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DEERLSTH 5.

4 —2. IFEsKHRER

RANCX, Y, ZEARODEZLER 4 — T NR%E1T -7, BERO XS LKW EE € —
FRO5GE, HEKROH R EEER LISV TEERHEDOADBMI S5 Hd ZRTREED
REWBAY » bD—2TH5S. FIZW, EMREIZ ¥ 0icd 3 &5 ICREIBOIRE) a4 &
BEATAH (HHT 5 ) LvsicilAsbalies Bbn s, (BRBERICELNTOEC
EDSHIRTH 508, GENF T CE TITOTHMICX, Y, ZAMAERDTHRL 7.

B4—11@XHFREZA -TIREOBIABIGETHS. CONAEHTUTOTRTO
KT, BT Pipe 1 DAEMD Z HRHEFER]I —BEND—Z, Pipe 30OA1 DY
EFE ( YARICME R ZMPF2IEEL LTS, X, Z&EKE) 3—1-BEND-Y &
WHXIICERDOL TV 3B,

K14 —- 1113 7THz ~35Hz 251k L 7. b O TREADMEERIGIZ 50gal —E%
S L7 s, IREMASE < 153 ENHRO L ~ VR AICEB TS, T 0 sb—TED B
MR EDBEEEZROE L, REBEOMEZICHTIERBOLAIGEME LTHELIZHD
X4 — 12 DIREHBETH S, COMBITEL TREBUE T EicEAK LTG5 & &
bICIREI G MBI A MEZE bR L.

Pipe 1 Tid84Hz, Pipe 2 TIZ95Hz R ADPE — 2 AR LTHD, hiFhioita
RO 1IRE-FEHUTHELTODDPipe 1 TRRENDHS. WAE— FThHBC &I,
XAREPEBLTNEZ EpS b5, Pipe 1 D195HZMHEDE — 7% 2 IROEWN
- FOXAMBEANRTHZDVEANTVE EARLTVS, 2THZHEO ©— 7 13545
FEREMD LTI, FORBEERE, X AR TPipe 2405Pipe 1 @ 2 £ 1K/
STBY, FTUGEHBRD 1 IRE - FHEEDHEA D ASPipe 1 & Pipe 2 TRPREL - TH
bo 188, ¥ =7 BHRDOILEHBEOR > bz IREBICLES ©— VHETHS. TR
KEROHREZ BB Licd LREEICT v o BEZFHAZLTED, THERENRCEICLE

_5_



BiskBPERMTTIRER £ 675 1981 11 R

LT3,

Pipe 3BXLU4TlR, #NEN906Hz, 928HzBHELTEY 1 RE—FiItditL
TW5s., /1 2RE—-FOFTEME23IHz ITHIGTAMEICE 2O -7 £ L TW 5208
Pipe 3& 4 TRZDHENIMVEN > T35, Pipe 3 TRIENEL i E — 7 DIETILNE
Ry 1 IRICH. L DL 15 5> T 555, Pipe 4 TRIEBDILWV E — 7 Th D hREgic /
v FhEE TS, IREBEGA[FHMDOSE1I -BEND-Z TR 1 IREARBEDEL LT
W5, —7, Pipe 4 OAJEIXHEOIEE RIFBIGE CTE X AEMERE ( J—-X ), YAE
WE(J-Y) Eblte—Hhmiciv/ v FE2b-5TW05. Pipe 4DFA, BEEHED
2 RIEE IRE) & ATBh XD ARIREN 03 2 AHz ISR L TB D, ZORED FilDBR L
LTENBDTHAH. XAMMRTD 5B aIFTHED Y A ENN6EE O HRERSRE X FH
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HHDT, HAOMHERZIEZ (BHEONDOEAT)BFICRE-TLEI LI SDTH -
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Main Spec. of Small Scale 3 —Dimensional Shaking Table

* 2—1
Table. 2—1
m o G M KE2HE(CX, Y)  EFAHECZ)
~F # | 1mX1lm
i L) A | =# B | #1500ke
H & | MRS S
X:1000ksf X 2HK
mo &k B A/ B |Y:1000kf X285
Z:1000ksf X 48
®w ® & £ f|X,Y, ZHEEbHZE
B LR F

mikE REIE RS L K

7 VAER MV

7,

REEHEBXUE D
TEERERN

LT A R R -
BER-WMEY —K (7o s7H#E)

wm F K

mo ¥z
MEASURE SYSTEM
acceleration —————{bridge headsf———- signal conditioners:I— lqw pass monitor
transducers: Kyowa DPM-220A. filters: . SANEéK§?§K1
Shinkoh BA-5L. Kyowa 6CT. Equiped .
Entran EGA-125-D in DPM-220A. .
JEIC F-5L. !
;
strain gages: bridge heads signal conditioners:—— Tow pass
Kyowa Kyowa DPM-220A . filters: W) digital
KFH-1-C1-1. Kyowa 6CT. Equiped ! data recorder:
Kyowa in DPM-220A. v
KFU-5-D16-11. JEIC F-5L. ;A TEAC DR-1000 ax
Shinkoh TOKYO SOKUSHIN ' 100Hz i 1
B-FAE-5-12-T1 AF-290 ' Z n sampling.
(WP) , £11bit.
. / 1bit=Tmv,
pressure gages: bridge heads signal conditioners: }— 1gw pass ;
kyowa 6CT filter: :
JEIC F-5L !
'

ST LAB, PM10-0.1
Kyowa PS-B

Kyowa DPM-220A

Kyowa 6CT

JEIC F-5L

TOKYQ SOKUSHIN
(AF-290)

shaking table accelerations

shaking table displacements

20channels
40channels
Tchannels
8channels 0.5cm/V
= 3—1 FllyzT4
Fig. 3—1 Measurement System
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= 4—1 EEEFLOLATY b
Fig. 4—1 Layout of Pipe Models

90cm
Pipe 1 {
: C e -@ i Shaking
. 5 B e~ Table
: Pipe 3 Fixed Support
o v +
L x ® I”
- R |
E
. of e g
Pipe o
© 8l a
. - &l :
' Ay a7
) p
© o
Base Plate . H

‘Movable Support

Strain 2-BEND-x
Strain 1-BEND-x ‘ X
f + @ Q Iﬂ
@ '

Strain 2-BEND-2z
Strain 1-BEND-z

/Fixed Support

3 ‘~~_._.4'5r-vn__— \‘\‘
‘\~_<_45C'5,¢4‘ ° é Fixed Support
;.
N\ A5, +z Y2 e 1 z
TT825s B T=ee 7T TTTTTTTTTTTTTTTTTTTITITT I TTTsase wiace TTFITFITTTTTTTTIIITITIT ¥
- e = - e o
¥
Pipe 1 Pipe 2

4—2 “HOuIBEE=ETNV(2E)D
Fig, 4—2 Two —Dimensional Z—Type Models (Pipe 1 and Pipe 2)
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Strain 3-2-BEND-x
+
iz .
© Q)

Strain 3-1-BEND-y

Strain 3-2-BEND-z
‘2 ) Strain Strain

~ - 3-3-BEND-y 3-3-BEND~x
_‘_45 m _ 3 // 3

\ //,Strain

3-1-BEND~z
Il
1

AT 4 +
|=

S
KN

==

’
reyl /,/// _ +

X

Pipe 3

Strain 4-2-BEND-x
O{‘Z

+

IH
1
t
4-

Strain

1-BEND-y Acceleration J-y

Strain
4~2-BEND~-2 cceleration J-x
Strain Strain
B 4-~3-BEND-y

\\‘_459!/// A 3 4-3-BEND-x
Strain
4-1-BEND-z
_i ]
Iz

Base Platel////////_/_l ¢L_N
d ubber Foo L
@\R ik.);m“:chn

Pipe 4

B 4—3 =RnZBmEEFNVC2HE)
Fig. 4—3 Three —Dimensional Z—-Type Models ( Pipe 3 and Pipe 4)
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Strain 5-BEND-y
*
[

Acceleration L-x

Acceleration L-y
//// Movable Support

Strain 6-BEND-y
>
[

Fixed Support

*

|T¢

[ ot '////> QITTTTTT =
Base Plate ' -
AR 4,4——-»-1 \Strain 6=-BEND-x

aéé’m&?///////ﬂ | TV 717
LAV AN AV AV AN ] g
x 7’

Strain 5-BEND-X Rubber Foot

M i.8 cn‘ x 2em

Pipe 5 Pipe 6

B 4—4 —oofIRIEE TV (28)
Fig. 4—4 Two—Dimensional[Type Models ( Pipe 5 and Pipe 6 )

4—5 Pipe 40TEFHEOAHREE ( BHiE)
Fig. 4—5 Free Vibrations of The Movable Support of Pipe 4
(without pipe )

= 4—6 Pipe 5 oufE)xto HHRE) (HE D
Fig. 4—6 Free Vibrations of The Movable Support of Pipe 4
( without pipe)

—34—
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1st (order)
10.2Hz

21.9Hz

(vertical to y-z

(in y-z plane)
plane)

z

3rd

32.3Hz 38Hz

(vertical to y-z

(in y-z plane)
plane)

45_2Hz

(vertical to
y-z plane)

£ 4—1 BEIRTRE EHHBI%E ( Pipe 1)

Fig. 4—17 Natural Frequencies and Participation Funcions ( Pipe 1)



BERMFE BN TIFIER 5675 19814 11 A

Tst
9.4Hz

24 .1Hz

plane)

7
/
(vertical to y-z ‘///7/ (in y-z plane) 4
/
7
/

3rd
34.6Hz

39.1Hz

(vertical to y-z }
plane)

(in y-z plane)

5th
41.4Hz

(vertical to y-z
plane)

4—8 [BEEIRSE) &HI8BI%K ( Pipe 2)

Fig. 4—8 Natural Frequencies and Participation Functions ( Pipe 2)
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Fig. 5—10 Strain Distributions of 1.06Hz X Sinusoidal Excitation with 50 %
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Fig. 5—19 Strain Distributions of 937Hz X Sinusoidal Excitation with 75%
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Fig. 5—21 Running Spectra of X Earthquake Wave Excitation with 75 % Water
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DIFFERENCES BETWEEN XYZ EARTHOUAKE EXCITATION AND THE SUPERPOSITION X, Y, AND Z.
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Fig. 5—35 Comparison of Nonlinear Sloshing and Linear Sloshing Calculations
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X DIRECTION Y DIRECTION
water| flexible tank rigid flexible tank rigid
level | D=100000 D=23000 tank D=100000 D=23000 tank
10% 0.5713Hz  0.5712Hz | 0.5713Hz 0.8458Hz  0.8457Hz | 0.8458Hz
20% 0.7835Hz  0.7831Hz | 0.7836Hz 1.1226Hz  1.1215Hz | 1.1229Hz
30% 0.9164Hz  0.9151Hz | 0.9169Hz 1.2626Hz  1.2588Hz | 1.2638Hz
40% 1.0011Hz 0.9983Hz 1.0020Hz 1.3312Hz 1.3236Hz 1.3335Hz
50% 1.0542Hz  1.0499Hz | 1.0556Hz 1.3638Hz  1.3517Hz | 1.3668Hz
60% 1.0871Hz  1.0814Hz | 1.0888Hz 1.3790Hz  1.3616Hz | 1.3826Hz
73% 1.1073Hz  1.1006Hz | 1.1091Hz 1.3861Hz  1.3617Hz | 1.3899Hz
80% 1.1196Hz  1.1125Hz | 1.1214Hz 1.3898Hz  1.3559Hz | 1.3933Hz
90% 1.1273Hz  1.1204Hz | 1.1289Hz 1.3920Hz  1.3457Hz | 1.3949Hz
100% 1.1321Hz  1.1264Hz | 1.1334Hz 1.3937Hz  1.3351Hz | 1.3957Hz
E 5—1 57 fIEMItEREDICEE 20 v v Y TiRER DR

Table. 5 —1Decrease of First Slosing Frequencies Due To Plate Flexbilities
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Fig. 6—1 Mini — Scale Banking Model
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SaIl ARCC Y A Yo v -

301t ACC X

TABLE ACC Z

TABLE ACC Y

TABLE RCC X

X 6 —2 7V 1 DOHE—RINIRE OREIE B & U LILEREERE
Fig. 6—2 Table and Soil Accelerations of 1st Excitation for Test Model 1

Ist 2nd 3rd
S0IL ACC 2
SOIL Ace Y
SOIL ACC X —v%ﬁ:avﬁvévq —‘v“v%&v@vagq .\;/Z\"\\//\’\\f_//\'\
TABLE ACC 2
TRBLE RCC Y N ~—
TRELE ACC X -VQWA—AWVD, VZ\\/[-\VI'\\JH\J[\‘ \//\——«\/JM JASN
r.o ' & .
4th 5th 6th
3aIL Ace Z
J0IL ACC ¥
soIL Ace X Vf\\//\\//\v/\\/ _%%DU&UDUDV [\Vr\v[\v/\vf\\/
TRBLE ACC 7
1RBLE ACC Y

e A WY S
a.3 sec 6.y

= 6 —3 EFNVI1DE—E~AEIMkOREHE B X CLIILEERE (91»0ES )
Fig. 6—3 Table and Soil Accelerations at the Begining of 1st —6th Exci-
tation for Test Model 1
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SOIL ACC 2

SOTL ACC Y — A Astby A AW A AN AN A A A AR b y—

TeBLE aec 2 At st s A i
TABLE ACC Y 4 PRI s o Wil AN AN

TRBLE ACC X

= 6 —4 €72 OHE—EINRE DIRE) A B L O oPINEEE R
Fig. 6—4 Table and Soil Accelerations of 1st Excitation for Test Model 2

Ist 2nd 3rd
SOIL Ace Z /\U"\, \Jf\ _..VQVAVA ,cvﬂv‘ \J/-\\j/\\/ /\\//\
SOIL Acc ¥ _
TRALE RCC Z A A Vf\\/\ ,\V/\ V/\Vn ,\Vf\
1ABLE ACC Y
TRBLE ACC X A\/\ Av/\u/\ [\\jA v/\ e r\\/\ ) P
0 P o 2.0
4th 5th
S0IL ACC 2 -
oIl Ace Y Doy U/\\/M“ /\v/\\/[\v/\v/\v/\vz
TRBLE AcC 2
TRBLE ACC Y /‘\V 7 \JA—'
A A A AN ANNNNNDY
TRBLE AcC X VAV NAVAVAVAVAVEV/
1.5 a.s e

= 6§—5 €5 2DE—E~HENHRORH A & L CLHmEERE (FHoEs )
Fig. 6—5 Table and Soil Accelerations at the Begining of 1st—5th Exci—
tation for Test Model 2
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0IL AcC ¥ h\/nv[\\/‘ﬂ /\v /\Uﬂu/\\\/ﬂvf\\‘]ﬂ\/\u/\ f\u/\wl\ur\\//\vu/\ /

o x APAAAPA S AAA P~ A

TRBLE ACC 2 A \//\\//\\/L\V WPNIZN /‘\Vf\v —

Thee Acc v D ,\UAVAVJ/\VAU[\\\/A\/A A\j/‘\ A /\ Ao

TRBLE ACC X A A n\//\\l/\v/\ f\vzxﬂ /\ ——— er‘
3 ! 15 = *

= 6 —6 EF3 MRk DOREE B LU mEERKE ( —)O
Fig. 6—6 Accelerations of Table and Soil (Test Model 3)

CORRELATICON POWER

SOIL ACC Z fk/ - . M

SOIL ACC Y fifom - - M

SOIL ACC X UA\/‘ AP - /\/\/V\\x

TABLE ACC Z lkv - v //\/\f\_,\\

TABLE ACC Y Ih\/A 2 - M

TABLE ACC X Ih\/AUA o ~ Jv\//\{\\\‘

0. 0.5 1.0 o7 25.0 50.0
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= 6—7 TNV IMRRGORES BLFLHINEEHREDR <7 b
Fig. 6 —T7 Power Spectra of Table and Soil Accelerations (Test Model 3)
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Z 4 ETHED

Fig. 7—1 Table Accelerations for Test of Wooden Blocks (Input :Modified
1978 Miyagiken —Oki Earthquake Record at Sendai Sumitomo Bldg.
B2F)

= 1—1 7oy 7 BERBOIREE &7 [N #E ORAHE
Table. 7—1 Maximum Recorded Accelerations of Shaking Table for Each Exci—
tation Case of Wooden Block Test

case X (NS) Y (EW) Z (uD) Excitation direction
(gal) (gal) (gal) of input signal
1 (37) 219 (16) Y
2 | (a5) 260 (25) Y
3 (50) 286 (28) Y
q 317 (48) (25) X
5 (57) 330 (31) Y
6 364 (55) (31) X
7 | 389 (53) | (32) X
8 242 214 (26) X&yY
9 320 (50) 139 X &Z
10 448 (62) (42) X
11 262 217 96 X&Y &Z
12 377 214 (36) X&y
13 381 275 (36) X&Y
14 332 285 126 X&Y &Z
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Fig. 7T—2 Table Accelerations and Number of Fallen Blocks for Each Test
Case
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SRR EIRE) R IC & B/ U IIRER — /I - Ein

E E 1— 1 /ME=SOTHEEIRE & (6 B BMEREiR )
Photo.1—1 Small Scale 3 —-Dimensional Shaking Table
(by HITACHI, Ltd.)

EE 12 BE=F
P 1—2 Model Piping Systems
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FE E 1— 3 Ehk kg
Photo.1—3 Rectangular Tank

E E 1- 4 I =gtmn E B 1— 6 KB 7 0. o FEHEE
Photo,1—4 Mini—Scale Banking Photo.1—5 Piled Wooden Blocks
Model
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T E 65— 1 TREOER S ¥ 7
Photo, 5—1 Empty Test Tank

B B 52 YZ2HAT VY LBEIREOERS v (KEL50 %)
Photo.5—2 YZ Random Excitation with 50% Water Level

o

E B  5-3 75 vSriEnREEOKE (KL 75 %)
Photo.5—3 The Water Surface at The Random Excitation
with 75% Water Level
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B B 5-4KMI50%TOYSERT y ¥ Y VRETOMSR ( 137Hz)
Photo.§—4 137 Y Excitation , Water Level 50 %

G ;s

. . o . .
B H 5—5 KM S0BTOXY2HAmMAT y ¥ JREMTOMIR ( X AR 1.06Hz, Y AH 1.37THz)>
Photo .5—5 106Hz in X, 137Hz in Y, XY Excitation, Water Level 50 %

E H 5—6 KOEL 75 BTOXHRRT o & ¥ JIREIEMIR ( 1.12Hz)
Photo.,5—6 112Hz X Excitation
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(1) A
(1) A—face

(2) A, B (ZEAHMIERAR D
{2) A — face(left)and B—face(right—1left is shaking direction)

E K 6—3 &7V IABRE (2MmRETH%R D
Photo,6—3 Test Model 1 after All Excitations
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E B 6—4 EFV2DBHEBICCHE(H) (&E—ERE D
Photo, §—4 B —and C—face of Test Model 2 at the 1st Excitation (continual
photographs )
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E B 6—5 ETN3OHBERE (AH)
Photo . 6—5 A—face of Test Model 3 (continual photographs?
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B B 6—6 =7V 30OMBRA (BE)
Photo.g—6 B —face of Test Model 3 (continual photographs)
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E B -7 =7V3OBBRE (BE (£)5LCCH)
Photo.g- 7 B—(left)and C—face of Test Model 3 (continual photographs)
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(1) Am (&> , B &>
(1) A —face (left)
B —face(right)

(2) Bm (&>, Ch (H)
(2) B—face(left)
C —face (right)

(3) Dm (&)
(3) D~ face (right)

E B 68713 (IEKLRTHE)
Photo,g -8 Test Model 3 after Excitation
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FE K T— 1 K& 7o, 7F30RENKE (-2 13, XY &KLk )
Photo. 7—1 Rocking of Column of Wooden Blocks (Case 13, X and Y Excita—
tion, before Collapse)

E E 1—2 7oy @M% ( b O —X8 X : 242 #in, Y @ 214 A, E&EKL D
Photo.7—2 Turning of Wooden Blocks ( upper view)
Case 8:X 242 gal (max), Y 214 gal(max) (Collapsedid not occur)
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E B 7T—3 Joo s (¥ —256, Y 3304, EEMHY R
Photo, 7T—3 Collapse of Wooden Blocks
Case 5:Y 330gal (max) (right—1left is Y direction)

! T 4 Jooy/EEOHE (5 -2 10, X : 4484w)
hoto, T—4 Collapse of Wooden Blocks
Case 10:X 448 gal (max)
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E B

T—5 7ouv/HOBE (¥ —-x12, X 37T7THN, Y : 214 Hu)
Photo,7—5 Collapse of Wooden Blocks

Case 12: X 377gal (max), Y 214 gal (max)

T—6 7y —x212 (BEET -5 )% Ha»oRi-bD (EAMBXHHE )
hoto, T—6 Upper View of Case 12 (right —left is X direction)
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E E 71—7 7oy oS (FE) (-2 13, X : 38140, Y 275 i, EGHY A )
Photo_ 7—17 Collapse of Wooden Blocks (upper view)
Case 13: X 381gal (max), Y275gal(max) (right—left is Y direc—
tion, and up —down is X))

B BH 78 Fow koS (F—2 14, X 33240, Y : 285 A, Z: 126 4n)
Photo, 7T—8 Collapse of Wooden Blocks
Case 14: X 332 gal (max), Y 285gal (max), Z 126 gal (max)
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g H T—9 BEET-8%2LmhoRib (EHHBYHR )
Photo 7—9 Upper View of Case 14
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