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— Seismic Performance Evaluation on 5-Story Steel Buildings with Exposed Column-Bases —

Hiroyuki TAMAI,Takao TAKAMATSU,Teruaki YAMANISHI,
Tsuyoshi SHIRAKI and Hideichi IGARASHI

(Received Oct. 30, 2006)

Abstract
In this study, a substructure online system for investigating the seismic responses of
buildings is developed along with the loading system. In addition, we develop an interface
between analysis and experiment that can easily connect with each other. This substructure
online loading system (so-called distributed loading system) and the interface of CSA
(collaborative structural analysis) forms a collaborative seismic performance evaluation
system. This system enables collaboration among researchers by linking their programs
and experimental systems through the Internet. Also we developed a new effective column-
base (non-slip-type column-base) to improve seismic performance of a building frame. Hence,
collaborative seismic performance evaluations using distributed loading system were carried
out on 5-story-2-bay steel buildings with a non-slip-type exposed column-base, and the
effectiveness and availability of a distributed loading system were investigated.The results
obtained from those tests were drawn as follows:
1) A pseudo-dynamic test method using the presented distributed loading system can
simulate the elasto-plastic response of a 5-story steel building under a strong earthquake.
2) The maximum base plate rotation response in a non-slip-type column-base was less than
10% of that in a conventional column-base under a severe earthquake.
3) A non-slip-type column base has high self-rehabilitation and its structural characteristics

may not change after a severe earthquake.

Key Words: pseudo dynamic test, internet, distributed loading system, non-slip-type exposed

column-base
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Table 1 &8 OH: W

P Gl PR Cl

R H-400x300x11x18 5  [J-450x450x 19
5 H-488x300x11x18 4 [ -500x500x 19
4 H-488x300x11x18 3 [O-500x500x19
3 H-588x300x12x20 2 [O-550x550x22
2 H-588x300x12x20 1 [1-550x550x22

SN400 (6, = 235 N/mm” ) VIV —NATTE RN E: - 14-Es
BCR295 (o, = 295 N/mm’” )

Es: 205 (KN/mm®)

Table 2 fffE %Gt
[ E R (N/m)

SRR — ik

257 3,530 3,530
Bk & 1,470

[A=tos 200 200

7 390 390

FE 100 100
PEE 490 490
ot 6,180 4,710

FEAATE (N/m?)

AR — kP
LUt 650 1,800
WEHH 300 800

INBE 8T [RER B
(N/m®)
2,940

Table 3 UG S IR & 1 KRR

B SRS (KN) LKBFRMERE (N IR O

P1 P2 H mi
RFE 1025 935 2442 68.1
SBE 977 104.0 135.8 61.9
45 977 104.0 105.2 61.9
3B 977 104.0 79.5 61.9
2 97.7 111.3 56.8 63.4
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Table 4  FAYIITI AT H 2R

(a) EMZIEAHIBE ()
JeE (WS T/ L5 TR A
PE%k  (mm) (rad)

SpE 9.1 0.00240
4% 112 0.00299
3P 12.2 0.00322
20 122 0.00324
1 163 0.00378

(b) A KT
28 EYTAbEE AR ) QUW

ShE 0.168
4PE 0.261
3 0.333
2[4 0.388
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Table 5 FABEDFA L
Member of Material E o, o, o,/ o, &
specimen (kN / mm*>) N/ mm?) (N /mm?) (%)
Column BCR295 205 295 490 0.60 -
Base plate  SM490 205 325 490 0.66 -
Anchorbolt ABR400B 205 298 446 0.67 34
E : Young's modulus o, Yield stress

o, : Tensile strength &7 - Elongation

AEBEfkIZ, [J-550x22 (BCR295) o i 84 4% 12 PL-
900x900x60 (SM490) D ~N—Z 7L — b & #E#H L, X
N=AT VL= FOBMDONETEES DT ¥ H—F)L b
(M42, ABR400) 4 A% T, SiBILHE & S L%
HHARHFEETH S, #, F v bEOFEEX 1,260mm T
oo TNHRBIEDOFEIMFEEE Table 512783,
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Table 6 4 7o Hil & 350 B 0 M R IR FAT 5 R

Normal column-base ~ Wedge column-base Fixed Pinned

T, () 0.817 0.817 0.787 1.050

V7, (mm/s) 1,628 1.709 1.638 1,339

Iy (mm/s) 1,342 1.440 1.454 1,148

Story r; (rad) B; r;, (rad) B; r; (rad) B; r; (rad) B;

1 0.0116 0.446 0.0106 0.432 0.0057 0.489 0.0179 0.349

2 0.0088 0.365 0.0088 0.368 0.0097 0.445 0.0101 0.284

3 0.0086 0.342 0.0086 0.342 0.0101 0.375 0.0064 0.255

4 0.0090 0.305 0.0090 0.311 0.0106 0.334 0.0055 0.228

5 0.0072 0.221 0.0072 0.230 0.0085 0.216 0.0046 0.155

ATI RSy L, HE) iR KM PE & 50kine (ZHEHEAL L 72 El =AY, MER=ZTL— N5, 01F, KAICX
centro NS ¥ % v, ki B EB) 2 & 10s & L7z, D EHET & o
RO 1K - 2 KEARINE, 0817s, 0269s TH V., Hor M =P oL oo, 1
RT3 0.005s & L7zo W3, 1 ROMWFEELKE 002 5.5
&3 B R IRIYE e B P R M E R E A B L 72 B o 6= ID L et ee e eetieretie e e e taearanas (2.2)
R B )Pk, K % LIS R, Ky (=8.17x107kN - ?
mm) © 150, ~<— 27 L— I O P 1, g O P ) (2b)
L 3-E-I

e,% 3x143x10 °rad & L, EHEMS
EHWwprZ L E L7

EBRY ) — X%, HHEXE, @EER, 20y 7
RUAER & AL 3¢, iS4 diki L C 2 MR 2wk
WRBISEFEE L L7z,

T/, WERODIZ, BITORE R, MRS
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e b AT &2 AT - 720

e LT aT-0S i
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Fig. 6 12, FEBABAKONE R 277§ HMERO
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ELAOMTRETH %,
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Vo THHOERTH L. WITHORDBE 1 HHOMEE
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0.6
K /K150, e73x1.43x107(rad)

04r
At=0.005(s)
021

— Ist block
--=-2nd block

| -0.015 -0.01 -0.005 0 0.005 0.01 0.015
r; (rad)
(a) HHALH

Fig. 71213, Rz EBRGR L L2G0, Ehofs
TERITCALLZE L BORBEANT, B L6 1BOREM
ZERA, r OBIR%E, Fig 8, KU Fig 9121%, Wk &L
HAE 2 EEBN G 2 LB aIconT, HEoFE—x >~
b, MENX—ZFL— sy, 0L DOBEKR%, Fig 10 1213,
A BT S, HWE, NEHEHoFE—2Y 1, M
DR %E, ThZEh, R"T,

Table 6 (2 1%, AEMI & OF: T oS0 e th 2, 0w AR,
J YAy TR, €U IFEROREE L LA BT
%, BEMOIKREAEY, T,, WEADT AV F—RUHHE
BHLGT 5 AN T —OREWRFME, V,, V,, KEORK
KISEBHEA, r R O EY TR L 72 KIS
BREE AW, B &RTo

INHLOM - #RDLLUTOZ EAbR b,

0.6
K1 /Ky=150, e;3%1.43x107(rad)

04r
At=0.005(s)
0.2

0r

0.2+
— Ist block

----2nd block
041

206 \ \ \ \ \ )
-0.015 -0.01  -0.005 0 0.005 0.01 0.015

7, (rad)
(b) 7 ¥ A1) v TR

Fig. 7 N— AT ¥ —1R% - & A TE AR

1.5x10°

K /Kpe=150, e;=3x1.43x10%(rad)

1x10° b
At=0.005(s)
5x10° b

0F

-5x10° F
--- 2nd block

M (KN-mm)

-1x10° |

1.5x10° . . . . ,
-0.015 -0.01 -0.005 0 0.005 0.01

6 (rad)
(a) HHHEH

1.5x10°

K /K150, e73x1.43x10"(rad)

1x10°
At=0.005(s)
5x10°

0

S L
-5x10 — Ist block

---2nd block

M (KN-mm)

-1x10° + {

1.5x10° \ \ \ \ )
-0.015 -0.01 -0.005 0 0.005 0.01

@ (rad)
(b) 7 A1) v TR

Fig. 8 HHMoOMIFE— A2 F —N—2A7 L — Mg AHGR (P2 ERERE L2hE
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-0.015 -0.01 -0.005 0 0.005 0.01

@ (rad)
(b) 7 ¥ A1) v TR
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5x10° b
L= Y 7
g o
Z
5
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-1x10°
-1.5x10° L . . A ,
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(a) JHH A
Or ., _ _ -5
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~
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15x10° b Yield T
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2x10° . . . . )
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(=}
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-5x10° R
z
4 1x10°
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-2X103 I I I 1 )
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Fig. 10 #5555 % £ 912, MM T, K& 2
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= R—=27 L — | alfii A BAR K OFEE ) - ARy ' — A

Y NS, B OEEIC X > THEOEIL D % g
E— X Y ML, ERATR20%REEIEL S Z LB
bbb, T, ZORBEREEZIEFICHHE L % 5, Fig. 10
12, SOENZEBIC X HIFE— 2 ¥ MIIZLE RS
XHK7) OFBWO M-NTIIAHBBRR AR L Twb,

WO BRI T, M, 3 X0, A, M, i,
WU LY EHEIT & 5,

My:];}.n.(dc+dt)_N.dc ......... (4 .2)
]\/[n:_]\].dc ................................. (4 b)

TS T T Y A=K h oMK (=0o,x¢’x /4 ),
niHIRMT =RV NORETH S,

FEART 1, Yelldl 54 VEBEICRE T Y, @EEIZ
R-slip I 74 Y2 - 728 SHIEICENTW S Z L 2%h
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Table 6 5, HHOBMEELZILSES &, EARREH
JEEIE, € 3R 1.050s, BEAER 0817s, [ 0.787s &
RESEAL, WEANZANVF—DZALT %,

PEo T, WA X o T, AR AR 4
EROIEMITKE BT %,

HHOMTCIEEE, BMTH L7720, /v A v TR
HH O X 95128 Lo et 2 5Hli§ 5 121, &
TiEAEMEEZ SN D,

O/ > 2 v 7ERIEH OMEESHE

Fig.8, 975, 2B HONKETILEFHERIIKRE R
Yy IAELTEY, SHICERLT, BEEEARK
XL n—Ji, /YAy TRERTIE, I0M%EKR
&, 1[HE& 20 HONIRKEZ B 2 EREEIZIE—
T bhb, SO LS, J Ay FRHEN
&, WEEE R ToMEMNREECHLT I LN
%<, MmOHOCBENREEZ A LT,

T/, 2HEOMBICHLTD, BEEALLLZV LR
5, THLBUERENEZEL TS, toT, A4 VT
FUATI)—RHEHTHSZ LDV b,
OE#MENAMEICDOVT

Fig. 11IRY, JEMEIRALE, d-NX—A 7L — }MHE
fnff, OOBRA S, WAk & WAL O A ) HALE OHER
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