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RESPONSE EVALUATION OF BASE-ISOLATED BUILDINGS DURING A COLLISION
BY TIME HISTORY RESPONSE ANALYSIS USING IMPULSE

BHLA, BA SR, | HE T, F R K, Giberto Mosqueda™*
Hirohisa FUKUI, Hideo FUJITANI, Yorchi MUKAI Mai ITO, and Gilberto MOSQUEDA

The objective of this study is to examine the impact response of the base-isolated buildings during a collision with retaining wall using
a shaking table and to evaluate it by impulse input analysis. In this paper, the impulse which was input to the first floor during a
collision was focused. First, the collision test results showed that the increase of the response of the superstructure during a collision

was affected by the impulse input to the first floor. Second, the numerical simulation using as the impulse was carried out. The results

of impulse analysis showed good agreement with the test results. Finally, response composite wave was investigated by superimposing

the time histories of the impact response wave (damped free vibration wave) and seismic response wave in a case without collision. The

response composite waves could give the high reproducibility of the experimental results, and the maximum value of floor accelerations
and relative story displacement could also accurately estimate. The usefulness of this analytical method can be emphasized in the

possibility to predict the response of the superstructure during a collision without using collision analysis.

Keywords : Collision, Retaining Wall, Base Isolated Structure, Shaking Table Test, Inpulse input analysis
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BHRITRERY ANZESRTT AR BV TEERT 21TV, EBR
RREOLE - REEITH 2 & THEITRROZUMEHER L 9,

Lo L, PR~ RTHIED X I, EHEMTZ VT LIEHE
EOISETMEIT OBE, HEEOMIMER L E2ENCET BT 24
ERbY, £, EBLAVTOEREZEX LSS, THRHBOX
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AmTI, EZERHFIZ IFLEE (Figure 1 31, ERARBREORE
) iba HWEICER L, AROoXE S EHEEOIREEMC
52 5 BICH U TRIER T o, £z, 1FLRICND D 8% 5
HELT, BRRETNAND IFL BSITAS U BRI BRI 217
v, EBER L OLBEITH I L THEEHERO LIES0XE Y
BEFCEBZ LB LE, &bIT, BARTT VO IFL KIS
HEEZARANE LTZAFE VR ASL, BONTERIGEH
% (BEHHREDHER) LIEEHEROBIIBSEEREEREDE
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2. MEEEEIEEER

2.1 REHERIK

HEER % Figure 112, RBR{EF TS Table 1 IXRT, &I
BOXA (THKE 7 5y bu—F—) TREEh, BExhidafr
BERTEZLNA TV, LEEEIRLIZRTHY, TOHEMI
SWOSC( ) =y 7 o MRAA VT o 3—#2:JIS G 8560;1994),
SERBIISIEITRTHY, ZOEMILSWP-A (Y7 /R ARE: JIS
G3522;1991) TH B, Figure2iz 1 o, ZDBOAE T
L, OB E2EE L CEBRBERELITY, BohsllERLY,
BRI, FHMOBELEINEENHE (=EMA) EHtENC
7oy b LinbDERY, Figure 2 £V, AERTOREHEHNT
X, BROERITITRBEERD S LHBFLTWD, REBOEE
EH () HEHHEEHERCELNLER» bAEREREHVTE
HL, +52EEIELhiabo7z LEREIX RD ik WTHE (EX
HiEE%% 200 8) Liz. BERE (O 13, LHOREE (M) &
TIENE DA ERME (K) & RELEZBEER (b 2FWT, C=2hWHMK
TVEHLE, ¥, SEIEIEEFOHREETML T IAERT
DTZRINFE—RIOEEZ R TodIZF 28— Y i Tz,
FHAC AV ILEEE SR ) A v Y — RBEIEE R LS-10C ('K
FHEME #30m/is?) &, UAVEIEEIHNEE PV-87 (B KFHAME
%400 m/s?) %, TRIEHISRBRE DA SANTEST MME) =7 &
¥ GYKMR 7 —7%, 1.2.3 B CREMEEM A&7 % 2K
BRIEDLT-AS v U —X &R LTV 5 I EREFMEICE LT,
BRIV —FREIEEHOEEEAL, BAHEELELS S —R
OHEBRINREH TCOEEERTI O L LTS, FHEIDEIZ
3 100Hz D —/ SR 7 4 V& 50HE (LPF) 217> T3, §H, 7
Sy bu—F—OEEICELTIE, BEEERRE (W T 0.0037
BETHY, +RI/HEVHOELTEREL TR,
2.2 RBHEE
EHHEZAVCABRRBREZIEL, 7 V77 28 150mm (K
%Al 200 mm) IZFRE L TV 58 (Figure 3(a)) 12, 1FL R4

Accelerometer

\ Displacementtransducer
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{150mm)
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{200mm}

Fig.1 Configuration of base-isolated testing model

Table1 Structural properties of testing model

Floor Mass Sto Stiffness Damping
(kg) Y (N/mm) coefficient (N-s/m)
Roof | 611.3 (=m) Third 138.1 (=K3) 1145.2 =C3)
3FL 611.3 (=m3) Second 221.5 (=K)) 1622.4 (=C2)
2FL | 8113 (Gm2) First 213.4 (=K)) 1539.5 (=C1)
B -
IFL | 718.2 Gom)) somed | 117K 430.6 (=Cy)
Mode
Natural frequency (H
quency (Hz) 1t 2ad 3d  4th
Base-isolated 0.33 2.11 3.70 5.32
Base-fixed 1.29 3.24 5.14 -
4000 8000
=117 y =2134x
£ =
8 8
S o 8 0o
] ]
g B
3story % 2story
4000 -8000
-200 Deformation (mmj) 200 -30 Deformation (mm) 30
8000 8000
y =2215x y=1381x
3 g
s 3
s o -:-: 0
o
£
E g ,,,,,,,,,,
: 1story Base-Isolated story]
-8000 -8000
-30 30 -30 30

Deformation (mm) Deformation (mm)

Fig.2 Restoring-force characteristic of springs

BE Lo —FEN (Figure 3 (b)) 2#EHEI €D L THREEDD
WL R 2B L, TOROEROKIGEMEE, &BEHEEN,
BEHEV ) 7 BAEE 1kHz(dt=0.001s) TEHAI L7z, £ 72,
EROBOEERIEDEN EHEEICE X 2HBERMT 129,
PERE DE I ICER T TV B = AEMICEERE 50°, 70°, 80°
90°m= kY LA (NBR) &, ##f (SS400) &2 EhiER LT,
= AERHFIZOVTIE JIS K6254 5 2010 D 5.1 FEMERER D A =iz
SEEFRBREIT, BN ERERPOEFEEDOITLDY Y
REEH L7, BEERET Table 2127, ADEICE, BHEEE
100 mm/s 75 450 mm/s BE (RREOLBEOEE LRV 4L
UAWkR) OREEEERESEDRD, 100 %ASRFCEIM
HEEERIE 3 m/s?, JEIEEK 1.6 Hz OREMERE VX E 23 %D
35 %DFFE T 1%%0 % (Steel 1% 22.6 %55 24.4 %E T 0.2 %A %)
RSB S TEHRERZT oz, B, ANHBHEORICE
HLTWB/ =T =D 100 B AAICH T BIREHRERE LTW
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B, (¥, EEA COERENREFHIZRMEE (10 m/s?), FRE
E (Qlm/s) OEBANy 7 ETIETERBAREN 1.6 Hz TH 5D
ZEhD, REYELRE L ZADOEEEKIZ 1.6Hz LHEELTNS,)

(a) Retaining wall
Fig.3 Photo of devices at colliding position

(b) Load cell

Table2 Young’s modulus of rubber member

Young's modulus: E (MPa)
Hardness 50° 3.69
Hardness 70° 6.82
Hardness 80° 18.53
Hardness 90° 25.99
3. EERHEHER
AERTI, EHAIC L 0 ELNZEBRBMEM A BRI EINE

B, HWEADEEFAWT, EEEESCHERERIMEOZEN
EOIGEDELERIE L,
3.1 BEREEOEHA X
Figure 4 IR THRABEEO L I, ABBOBMEMNNZ VT
TV ABMIZEL T, MEENSEKIC LR/ 3 280 % [H32rR (1) )
LU, BEBAOEMN (t=t —d) OEEZ HEEE v ¢ E
Bl ABBOBBEEIL SWTULEEY =T+ CitllEh
SN DTV IR EN BB Lo TRD TN B,

IZ k5 EERE

Colfision time (tc)
200 !

100
0
-100

Relative story displacement

Relative story velocity

Disp. (mm)

Vel. (mm/s)

h Absolute floor acceleration

.5 !
0 Time(s) 30
Fig.4 Time history of responses of base-isolated story and first floor

(Half-sine 25%; Hardness 70°; With collision)

Acc. (mis?)

3.2 BREE - LI ENEER
3.2.1 BREE-—RRKEEANA

ERBORRBYE AN & EZEEE OBR % Figure 5127~ Y, [9EE
ZEHOEIEE ] 1Y, BEMOI YT I URITELZBEOEEL L
TW5, EBOBYAEAILBREMICBRMZR UE (K1)
L LTEHL, BRSOV THE, FEROERBEAWNE, #
EEBFICOWTH, HEROI VT IV AZBATERORRNEY
AA%E Ty RLTH3

Fd,n = Kn " Xn (n = 112,3) (1)

K,=nBBAME x,=nBBRELN
Figure 5L Y, EHEEORERBYAMNIEEEEOHIMIE-
TENRBHIENT 5 2 L PR X, £, HEESH ORIk
RMTIIFE A EREET, WThOBIMEOREEICEZE LIZEA T
bELEERKBEABNITENERIC 7,

[ OHardness50°  AHardness70° _OHardness80° ©Hardness90° +Steel |

5 8
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%< oL
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BB
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= ; : 1story
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Collision velocity {(mm/s)

Fig.5 Collision velocity vs. story shear force relationship

o

3.2.2 HREE - FKKLEMRE

B BEOB R ENRE & B E OBRE Figure 6 IZRT,
ZEHEL 3.1 TR FETHEBL, REEMEERIEHEORICAE
CTWARKKREMEEZ, FEHEHRIZOWVTIE, ZITT70R
EHATERCELERREREMEEELZ 2y hLTW3,
Figure 6 £V B KBRREMNGE BE I3 7258 E D80 & B o i
BB CTER, $i, BEMTHS LFLETIE, FEEEMM ORI
PELRDTENT, EUEERRIGEMEERKR& 2lL 7252
LAFERTE, HEANEDOEWIC X 5 LSO EDTbIZER
BREBICBWCHERTE -,

[ EHardness50° AHardness70° OHardness80° ¢ Hardness90° +Steel |
10

& . Roof
L pBERS
§ @m

10
& 3FL
H v
S 5 Ll ol en
! » B
g it @ |

o ,
_° f L
g 5 ( - @@ w@@wm

6% 1FL
§ 20 0.09
i Aa %@ a@&é’%%ﬁﬁan

0 100 200 400 500

Collision velocity (mmls)
Fig.6 Collision velocity vs. floor acceleration relationship
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3.2.3 BREE—BRRXERAN

BEIEE L R AREEAOBR%E Figure 712577, BEAIZr—F
EAR L VHB SN ERAERER LY, BHREOBIZELTVWDERR
Bx 7oy b LTW5S, Figure7 LV, EZREIFIZA URRKREES
b ETZEIE L MR OBRMTEE T, HEIEE L BERRISEM
B DOREMR & FRICHEREE AT ORIEN E < 22 5 ITEN TR REESN
bRERMEICR ST,

[ BHardness50° AHardness70° OHardness80° OHardness90° +Steel |

— 40 H
-4 i
% -FFFF* (><><><><> °
g 20 +"'+ o Lo 0 OC UA
% <&
: 0 K& %Bﬂ%@géggﬁﬁﬁu
0 100 200 300 400 500

Collision velocity (mm/s)
Fig.7 Collision velocity vs. impact force relationship

3.2.4 BMERRE-LHBESEHERELD

AEOERL Y, HEICL S BB EOREITEREEOEME
W OBRICENT 2 EmIZH Y, HEORMEPRE 2B
ONTHEMBERFIGEMEE, FAERTEINT S -5, &K
B AR NI HERERIME D ELITRTE LRV Z LR TE L,
E7z, ARFCIREAMERE N SVAEAS Ly — A TORR
THHMN, AHDCHEBZ AV EEEGEERFER LY, HEEE
- FPEEESEBRIIAAMBEOBWNII L A EEEETITT,
RIS OSEEMIEEOBEOGER OEEOEENP XEH TH
HZLLBRTETWS 12,

4. IFLERICHERT 5 1%

BRIEZICOWT, ZHE CORRERR BD10WLY, #EWCERE
BNZABERT 2 BE TR, ZOHFECI o THENRAELD o
FHRAAERISNTWS, AETHINLLOMAEEIL, REERY
AR ITEZE LTSIz, 1FL BRITMD o 7 hFEN LS OIRE
e L THEBEZEXTWAbDEEEL, v— FEATHAILE
BREADEMS, IFLEREMbLLAFEE L L, LHEE0LEH
me DEMRICOWTREEL T,

1FL Rz 3 HFEENE, Figure 8 107 L1822 O BRI BT
(#1Bh A7 Half-sine 35 %) # %2, FHEIZ LV EEAOEN LS
T HER (EEEL ) b, HEELOEMIKDY, BUEZES
OERERIZRES L TOEEEMA (A THEATHZE (Figure
8 DREFERAEH) TEHLTWS,

Figure 9 222 E — WBOBEHRE R T, Figure 9 X0, 1IFLEK
W 5 ABOMEE, W OBBEHEMICER L — XA THESE
WEENEMNT B I oM TERBBICHEMT 5 2 L SR TE, BE
WENFRREOSES T, 1FL KIZMb % 775R ISR O it
S LA EERELEDZ PR TE L,

DX 51z, 1FL KD 3 AR HEREMIE D E/LITERFER T
BIERREDESL 25 2 &1I2oWT, Figure 10 12, —fl& LT
RBERERIMEIC ERRE (19 150 mm/s F2EE) OEfZEE B TEZE L7 BR
O, n—FEATHRALEZBREAOKRIABEROLEZTRT,
Figure 10 LY, #2572 ORMERE < 251> THKR
B2/ INT 503, ReHoEZERE (A0 BB T5Z e/ bh

%, ZhiZX v, TN IFLEIND 355 (Figure 10 &R
BAERE) PRBRECHEICR>TWDZ LAHRHATE S,
PEXD, 3.2 HiTOERERIZRONE, EHERICEREED
BB OEIMTHEEMEOENMCIZIZEALEFELREVE VD,
BRI OWTH, HEEOBEAW A O™ 1FL KICMb 5 7
BOERZITERELTEY, JOAFEPEEREIZIEE A VEREE
P, EHEREMEVERETE, THEARBREDELE 2D Z EHAEE
ThDLHAEND,

A\ 4

30 .———Force measured by

Force (kN)
8

0 i %

7.44 7.45 7.46 7.47 7.48 7.49 7.5
Time (s)

Fig.8 Time history of impact force measured by load cell

(Half-sine 35%, With collision, Haldness90°)

| OHardness50° AHardness70° OHardness80° ¢ Hardness90° + Steel I

. 05 -
Q) : :
. 04 ¢ §@ @o
Z :
Z 03 ; :@@@3 _
L e e
g o e
E o : .
0 100 200 300 400 500
. . Collision velogity {mmis) . .
Fig.9 Collision velocity vs. impulse relationship
z % v
£ ;5 Steel ﬁ\ 23.4%, Collision velocity: 154.4mm/s
P V Impuise= 0.129 kN-s
2 5 24
e 5= T S
7.05 R 7.15 7.2
Time (s)
g % Hardness 90° 24%, Collision velocity: 156.4mm/s
3" Iifiplilses 0,123 KN*§
o 5 TN
5 . :
w5 d
7.45 75 ; 7.55 7.6
Time (s)
25
= Hardness 80° 24%, Collision velocity: 162.7mm/s
£ Iipulse= 0:130 kN~
8 s O ST A e
e s
7.05 7.1 Time (s) 7.15 7.2
z Hardness 70° 24%, Collision velocity: 162.9mm/s
1 IHBLISEE 07124 KN7E
g 5
)
7.05 71 Time (s) 7.15 7.2
25
z Hardness 50° © 24%, Collision velocity:
£ 15 IFiplilsss 0133k
g 5
e 5
7.15 7.2 Time (s) 7.25 7.3

Fig.10 Time history of impact force measured by load cell
(Half-sine, With collision)
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Mo HEEERARETNO IFL KOERIIERSEHZ L TF
RO FEBEOEBEBRT 2EN TV, HERORKIGEIC
DNWTERBER L ORBRICE > T, BIFFEOZYMHITOVTHREE
EIT5, RIZ, FHRROBABLEHFE L, HEFRONEEEA
NS LT IFL ROESABHICZ/E VA E LTERESET
BONBEEGEEY BEEBRRBEE) 2ERaHLEZ2LT
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5.1 W& AN LEBREREERT

fEHTY 7 b Matlab 2 AWTC, ERCHERALLRBERREL 45
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WL Tablel IR LIZEEZAVTRY, AREMIEROV T
Uy FBEEN 1kHz THo2Z L 2EE L, dt=0.001s T %
ToTW3, LRTHRNEERRETMCH LT, HB) (RRET
R ERE SVR) EATIL, REBEMARREI VTV R
Tk THERBEICEIZET DY (MR &) T, =ZA¥SN % 1IFL
EROERITIER S TRHABRERIT 21T o e, FFICERLLE
BRETNE L EFEER% Figure 11 12577, A LA,
BREES) (Fre) & EBREEO 2 — FEALTORKREEE LR UHEIK
L, ZABOEME (1/2 Fnex - At) 28, EBTELNE 1IFLEKICM
Dol MBOMEE L 25 X 3 ICEEMHERR (A) 2T
ZETRELTWS,

Figure 12 iZ—fl & LT, FEHEKE VR 30% A8 (FHE
90°) TOHMKIGEMEE, & RRBMENN OER L AT ORZIRER
FBogErT (/KL HFEE: 0.282 kN's |, Fx=21.2 kN,
(At'=0.0268) L723% & HIZRIE).

Figurel2 X ¥, 1FL FREHICHFEE M X 7= R FEISE AR 21T
52 & T, HERBIANDGEORE REMAER I TRY, &
P B KBRS E IR, &RBRNEE AN bR RITERRE
RIZEVEE 2o TWH Z &R TE, £z, Figure 12 Ti,
TEEE 90° D FEREERAHICEIZE LIz — A COMABEH OB ETR L
TWBR, ZOMOBIEOREEIZHEE LIz — X ThERHERKES
BIEE, EBREREEAMAIERERER L IDVVETH o7,
DL, FEFFEREIS T, BERRCEHEOER FEELS
B LZEZRIZh) 280RVETATHEHERO LTS0S KE
KERISEMEE, EBEXBEAB N2 BREHRCE 3 AEEET
L7,

Force (kN)

Input

Base-lsolated

Triangle wave Cy story

0 v t+At' Time (s) Ky }

1

Ground Meotion

Fig.11 Schematic diagram of impulse analysis
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Fig.12 Comparison of relative story displacements and absolute
floor accelerations between experiment and Impulse analysis
(Half-sine 30%, Hardness90°, Collision)

5.2 BAERESEVOERELEIT & 2HREMHLETEE

AIEiE TOBRLY, BEERC LEESICAETLBEAEAL,
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T TORITHEN D, BEHEBICALZ EHEEOREEMEE, B
FABAEHR LTEAERERN b ORIERTo7 25, FEHER
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Fig.13 Schematic diagram of response composite wave
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i, HERB I VEH LY IR (B) OEOHDREE -
TWieiz, Table 3 i, &AL ERBIER~LETVLL
HeToEREE (K) OfL, RERORIE (K Ixt$3
BEEE TR (K) OWRERY, SHEEIRAME (K) &, &
SO = ADORERE (0 — FeA0fEmomicEY) 4 &
TADEH (L) XV, K=FE A/ (kN/mm) & LTEHLE,
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Table 3 Rigidity of rubber member

Rigidity : K, (N/m) Esf;fe?srt‘fr“yi“y &f%j
Hardness 50° 292.23 24.9
Hardness 70° 540.11 46.2
Hardness 80° 1467.47 125.4
Hardness 90° 2058.26 175.9
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