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DEVELOPMENT OF SUBSTRUCTURE
REAL-TIME ONLINE TESTING
SYSTEM FOR SEISMICALLY
ISOLATED BUILDING WITH A SMALL
RESPONSE DELAY USING EXISTING
EXPERIMENTAL EQUIPMENT
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Daiki SATO——— % 3 Tetsushi INUBUSHI— = 4
Narumi OUGIYA *5 Makoto KANDA * 6

This paper describes development of substructure real time online
response testing system (SROLT) for seismic ally isolated building
with a small response delay using existing experimental equipment
Authors made analytical examinations of the influence of response delay
to the test results caused by using existing experimental equipment,
and developed a control metho d to minimize the problem. It was
demonstrated by various test results that the developed system has
sufficient accuracy as SROLT for seismically isolated buildings.
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Table. 1 Analysis Model
Initial . - .
Natural Post-Yield | Characteristic | Equivalent
Model Mass Period Shear Stiffi St h ifness”!
erion Stiffness iffhess rengt] Stiffness
m(ton) T(s) | Ky(kN/m) | Ko(kN/m) | QukN) | Koo(kN/m)
T2 246 2 14300 1430 199 2425
T4 983 4 14300 1430 199 2425
T6 2211 6 14300 1430 199 2425
*1 Shear Strain 100%
——Dt=0.0s =—Dt=0.06s =——Dt=0.1s
~ 200
E
é 100
I
£
]
£ -100 _
2 00 Time (s)
0 5 10 15 20
Fig. 2 Response of Displacement (T2model, EL Centro NS)
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g
o
g
S -300
-600
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Fig. 3 Characteristic of Restoring Force
(T2model| EL Centro NS (0 to 10sec))
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Zz 16
X 1.5
a
g 1.4
E 1.3 .
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Dt/T
Fig. 4 Effect of Dt
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A EETOX () X4).Q06) ¥
« X(3.Q2) 1/ /
1 X(2).Q(1) - 5 ¥
x(10),Q(9), 9
Delay x(9),Q0
.
x(0),Q(0) /x(1).Q(0) No Delay

Displacement x(i)

Fig. 5 Effect of Delay time on Restoring Force

KDY I 2 —2a &9 ZEMNTE S, SROLT O Xhd R ITN
(1) »XHchks,

[m] {5} + [el{z} + {3 + () = {£} ey

[m] : Mass matrix
[c] : Damping matrix
{x} : Acceleration vector



{x} : Velocity vector

{r}a : Restoring force vector at upper structure in analytical sub-
assemblage

{r}e : Restoring force vector at base isolated layer in experimental

sub-assemblage

{ f} : External force vector
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ED%, SROLT DIGERERICKRE KB L 25, Fig. TIZARHRTH
WEREBR Y AT AOE A, Table 2 1ZFEBRY AT ADOMAREZRT,
Fig. 7 DM NEEFEOEN 2 #iil C©h 5,
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= AGRAEE = 2 (LU, HDR BUBRIA) 0 = L84 ¢ 225 mm D/ MA A
iz, JER%E Fig. 812, 4% table 3 1ZT, AEBRIIABE
DEIF LA NETITH Y, AT —NHROXEDH D XA 7 OE
L, fiNREBRIRIC K0 BT D86, IRER RIS L TR —r
PR OB B G HMERD D,

B, Bhife RIS — REREELZ#E

4. SROLT 3EB& L X7 LDFEEREL
4.1 KEEROFEAE

4 EETIE, 3BTl SROLT & AT A DISEDMEEETT 5,

RBRIR 2 TLD A1 22V IRBE T, AT 2T 2 ihEkii A
BRI (B 20mm, F#I5 ) TR LIS 2 4A, BB LZ0.15s
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RIHEBIZEZTLEY, 22T, BEnzM/ s3T50, G
THEA 2 R IRT U CRRITEERAMINCAT o 7o 3, el
ZLLTOX 9 ICREE L,

Fig. 9IZR7T Lo, W ¢ 2 OIER (+ A
Mo HIEAENL (Target) x(t+ A1) (ZiET 5720
T t+At XV OO t+dul) ~
x(t+di(1)) ~ x(t+dt(n))7> HIERLIES
%*@éxWﬂ@)Nﬂﬁmm A (1) OXEHFEAL DR,
K (2) IR XD TR RMAE & B MEZ B & 8 Lo E 4 B0 4E 5 iE
LT D, k4, 1) T, FHEBOFRRHOEES H > LI
EHOWCWS, —F, AR TIEEGEO PC OFFREEOM Ik Y,
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Fig. 6 Modeling and Concept of SROLT
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jr=m | Existing Experimental Equipment |‘ """ rAdditionalf,
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Fig. 7 Experimental System
Table 2 Specifications of Experimental System

Vertical Direction Horizontal Direction
Compression : 1000 kN
Maximum Load +200 kN
®Experimental Tension : 300 kN
Equipment Maximum Stroke +100 mm +300 mm
Control Method Load control Displacement control
pC CPU: Intel core i7-5820K , Memory: 64 GB
OS : Microsoft Windows 7 64 bit
trol
@Contro A/D:D/A Converter 16 bit (Input 16 ch Output 2 ch)
Control Software Labview 2013
Table 3 Test Laminated
P.C.D.340 = Rubber Detail Specification
e — —rh—] Type NRB HDR
00
! O‘) Diameter (mm) 225 225
_ S Rubber thickness (mm) | 1.6x35layer | 1.6x28layer
u: 1 T + T
T Shear Modulus (MPa) 0.39 0.62
| 8225
Internal Steel sheet
p2350 hicknes mm) 1.0x34layer | 1.0x27layer
2410 -
First shape factor 352 352
Fig. 8 Test Laminate Rubber | secondary shape factor 4 5

(HDR specimen)

AR HE 2 EOBENIEEN S ZHA N TOOMELEE T2
DT, KRR S EHERD 2720, MEZTT 5 LER 2,

Diplacement command value

= [zn:[x(t + dt(i))] — max[x(t + dt(i))] — min[x(¢ + dt(i))]}/(n -2)

i=1
(2)
x(t+di(l)) ~ x(t+di(n)) & DN % KD I= DL, Em D& > i
ZHIBRL, S TIUTRE LB 5 LB ThH D, 72721,
dr (i) OEIFIRE S RADOMOLENEBRE L, RO 1 KER MRS
Bonrb o.d () = 0.5%2MET59 boLd5, dol) ~din)
OEIXERIC L fali 22 5% kb 5,
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IERITEERMIC IR 7, RETIEIC OV TIESHOBETH 5,

AR OWLIE A Fig. 1110k, BE BN (Target),
SRARNRBRIE D FAENT (Measured) TH D, HFD~DD%K v°— 7 K
DIV Dt O FHIMFEIL, NRB 3B IR % AV 72 SRR RN Dt =
0.013s(Dt/T = 0.0063), HDR #ER{KZ FV /- B TR Dt=
0.015s (Dt/T = 0.0075) & 720, EIWFHIC K 284 Fig. 4 &1t
%925 & Xmax (Dt) /Xmas (Dt = 0) 2% L.OS FRELL FTHDH Z LD,

FENRERINC X DTN S, Fig 12 1R BAEZENL LB (%
B AE) @I@E&%%m&@énﬁ (FEBRAE) @I@J;%fttim“é LIRIER
& TnD,

NRB #RBRIA D R C, BIRERIC X 288 % Fig. 13177, #i
eI R & < 72 B &, 2 B CIT o T SR MRATRE 5L & R, PRIEDS K&
<, JEMINEL 225, Fig. 14 ICBEEN LT (ERE) OB
R, AR XY, BEEAMICEEMMPEL TWRNE, Z0O
T RIS oM EE 7 4 — KXy 7 LT SROLT OISEFHEZ1T
9, Fig. 12 a) 2”7 Dt/T = 0.0063 TO HAAELEAL LS (5
BRE) oJEIEIE, WEEHEID OB CIBREE A AT 50, 14
a) O Dt/T = 0.0125 TOHEEENL L0 (FEBfE) OB, &
JERREAIE & A Ela, 14 b) @ Dt/T =0.03 TO HELNL
X STWINEXL LY @@J*—* VXERERHEN D DJEE & 72 %, Fig. 15 IZ NRB
AERIKDEAERNC L 2B oM EX %77, DU/T = 0.03 DIFA,
%ﬁfm#ﬁﬁ%@@ﬂ Ix L CHEARFIIIC L Y, Fig. 5 &[RIERIC,
BAZZNTIC R L CREMOBN IS E TN ERNET, KB
FHEID DJEIEZ 7T, T ORER, FERIR O EFEDIEIE L 0 HIPEAME T
L, BHRCEZANF =2 AT DL RBREL > TND,

ESEl COMPEDRHERTE 22 LD, NRB RBR{KZ VT Fig.
16 (27”7 EL Centro NSy (BRI 45 cm/s?) OIRZ1To 72,
fER % Fig. 17, 1817 ¥, BHTAT SROLT O HAEZALIZXT LT
TR CRTEEMOBNIFIT TR TOE—7 BB 5 FEIET
0.01s A (DL/T = 0.005) &/ha<, BEIFLS ~FH LTS

BZICBARE L7z SROLT ¥ AT AL, SRBREEOISEENO/NE NS
AT LD ENHERTE T, 72720, BESE I VEEDO/NI W
REAT I HE7e ERBEORES LIRS 2 o il FHFEIH 2 118 L
TEREITILERS 5,

Fig.

Fig.

5. REEEYMO SROLT ITLBEESZaL—ay
5.1 EBR#E

5 T Cl, I HDR & 7o B B o KA S
LIRS S DRENZHSNT, ASROLT P AT LNz 2 L—
a3 v E1TV, SROLT O fMEZR9,

Mea L7 58ix, 42 B (LU 42F €7 /V) O RCER-EY D
HRERREMETH D 10, R B L OGREEM ORLE % Fig. 19,
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a)NRB specimen (Dt/T = 0.0063)

Displacement (mm)

Force (kN )

nENRT, BT S DR 116 b, B0 XK 16 &
O ABHIEREF VT L,

SR E Ot VWO 100%H:F 0 %A JE

x(t+dt(1))~ x(t+dt(n))
5 x(t+Ar) _e--"1
x(t -
- a0 e X
& x(1-2At) isplacement
a x(t-3A1) Target value command value
dil) - ~ di(n) \
>< e At > < At = Time
Fig. 9 Setting of Displacement Command Value
200
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5 5
£ »
200 Time (s)
0 1 2 3 4 5
Fig. 10 Input Acceleration
’g ™ —— Target ——Measured
VE 50 ) @
g 0
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0 1 2 3 4 5
a) Result of NRB specimen
= Target Measured
E
E 4 )
. 20 @
E 0
g 20 ®
E Time (s)
A -40 ©) ¢
0 1 2 3 4 5
b) Result of HDR specimen
Fig. 11 Response of Displacement
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30 — 30
—~ ] 2 s
z IZ o & o
8 s ("“/ g s
3 - .- 3
= 30 = 30
-50 25 0 25 50 -50 -25 0 25 50

Displacement  (mm)

b)HDR specimen (Dt/T = 0.0075)

Displacement (mm)

Fig. 12 Restoring Force-Displacement
—Dt/T =0.0063 DT =0.0125 — - =DUT=0.03
100
50
0 \\\///—\\_/ﬁ\‘/
-50 -
~ . Time (s)
100
0 1 2 3 5
Fig. 13 Response of Displacement (NRB speclmen)
30 30
1 U -
3" “] & "
=R 2 0
z [T -
2 15 N 5215 |\
-30 -30
500 250 25 50 500 25 0 25 50
Displacement (mm) [Target] Displacement (mm) [Target]
a) Dt / T =10.0125 b) Dt / T =0.03
Fig. 14 Restoring Force-Displacement (NRB specimen)
x(6 )Q(S) _X(5).Q05)
— 4 . v s
z (7,96 XM>QH = ‘\\\NoDemy
; (8.0~ x(3),Q(3" t(é)Q(é T (5).Q)
£ Lolor T QL= ). — 0.00)
L 4 2 Delay
(1] QUEZ="x(8).Q8) — ¥ 3).Q02) clay
x(2),Q(1) Displacement  (mm)
Fig. 15 Effect of Delay time on Restoring Force



50

Acceleration
(cm /s?)
=]

50 Time (s)
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Fig. 16 Input Acceleration (EL Centro NS)
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Fig. 17 Response Displacement Fig
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*ﬁ, JETTWINE, M TR T AT 2 2 (BRI 500 4F) (2
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ik 16) DOEIJIEIEIE, Level 2 MY DR EICE D £ THRYID 10 53
M, R lCHEAHES LIZ0b, Level 2 Y OMMTEZ 10 5[ 5
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