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Distributed Loading System for Collaborative Seismic Performance Evaluation on Overall Buildings
(Part 2)
—— Direct integration method for connecting with rotation angle —
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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. The key technique of performance evaluation is the
direct integration method. We adopted the ¢T-OS method as the direct integration method. To
show the effectiveness and validity of the presented ¢T-OS method, free vibration of a cantilever
column with masses at the top and bottom was considered. The following conclusions were
drawn from the tests.
1) The approach to using a socket connection and a Proxy server enables us to communicate
with the whole world with the loading system through Internet.
2) The distributed loading system for a full-scale column base can apply a load up to
maximum strength.
3) Period distortion was detected in the results by the @-OS method. However, none was
detected in the results by the ¢T-OS method.
4) Numerical dissipation introduced by the @-OS method decreases with increasing assumed
stiffness in the scheme. Hence, an appropriate assumed stiffness should be set in the

scheme to make the response stable.

Key Words: direct integration method, pseudo dynamic test, cantilever, distributed loading

system

IR TR LIRS LR
RN SN AR O
o TR S HER

—169—



FHBIE - FARBER - WS - (A B - AR

—

\ /" Program 1

Y,

V.
s
STATION 2 N STATION 1
Program 2 & /| '\ Experiment 1
/
I

7 *1——__ —

N
A

|
o \)
\:77 \:77

(a) Target structure

(b) Location of organization

1 Column-base
I specimen

~ '[HOST
STATION 1 Program 1
Experiment 1

(c) Experimental Facility

Fig. 1 MELEROME

1. U & (C

FEHEEWC BT 5, WERRE 2 HREICIERT 2L %
Hie L, WRBICHAET 5, EREOHEEN)EE % H
Wt YA VERRISEY I 2 L—F R, FEEETS
ZEEH ORI - BT A T u T A%, L VY —
Ay MEALTHERL, WM BOERERE EE LI+
FAVEMBEYI 2L —F VAT L[ OHINERY AT 4]
RIRELTEXVY,

HIHRTIE, FERIEEMIEED Y AT LB IO ~
F—Fy MBEDOA VI =T 24 ROV, FEMICHE
AT 720 AOBMERY AT 2%, HikESE AN % 52
B Re LTwa, BT EERREL oA THLHE
HWAENCIE, B oaESHE) L LT s2 L
T =KV oMK NG E s L, TV
H =R NPEEH 2T A5 EICERN LTIy 7RO
JEEREAEIN G (R) v THE) L2k, FEFICH
M B 2R, F72, EBY AT AOMBE, R
BERIC L ARBL— T E ATV S,

C OB et A, IR & B & 3 % 3 AR
DX ¥ I 4 VEREITH L, @EOEERSETIE, @
DI - HWDEE I N D,

KL TR, DM ERY A7 LA OMBEZRTELED
(2, DEAGR 2 HHEO S MM A HRE %2 6512, BaE
EFVEHCC, BFHCON TV EERSEL, K
LCHIRET 2 FHEEHNTH Y I 4 VEBRETW
EERREREZ LB L CTIRET 2 FEOEMEE RS,

2. THERERY AT LOBE

21 LRFLBE

i g2 E % M L 72 Pushover EBi% % 2 %, Fig. 1
(a) OBIEZEEFNRIZT S, S OEEY 2 AN 28
7 L= A LA ORBAAED 3008 SI5ET 5. B
AL O8OV OYFE: % SRR f# AT C X % Program 1, #E
T D gtk & BRI fEHT C & % Program 2, HICHM OH

TTH % FEEBICX )55 Experiment 1, 23FNFh
Fig. 1 (b) @ X 5 \HEEHICAEAES BF2EE D504 L T
L35,

FERNE R SIRE SN BEC LY, HHLL 9 Sl
FE— XY MEPRE CEBT 2. 2ERET 1O
ik, HHOBEEICL > TRELENT S, T, £
NZENOWIEIM OFVE%BH L 9 5 Program 1, 2 &Y
Experiment 1 256G ze LG Ld 218, W& Lk
& & DM EAERORREZR LT, BEYEEORH) %
RLZENTE S,

ROWERY AT LTI v 5 =%y b2ALT, Th
LEgER L, BT EBETO HEERT

22 EBREE

SHINEBROFERRY AT 5L LTHE L, ERAEMR
TEEEOME 2 LLT IR T,

Fig. 2 (ZHfff ¥ A 7 & &R F 6 AT 9,000mmx
6,000mm O 18} 7 L — 2 (BH-1,000x450x26x40, BH-
800x450x26x40, SM490) = A b @ —% 500mm, iFaEH
+ 3000kN OHEBZIME Y v v FA 3 HEE SN TS,

T AL AT R A3 LR | B S - R Buk % v
VFETRN 7L —AICRHZE LTS, $RENZEHEES
xR, BRI, ¥YyEALT, ERIh, K
NEERSEDLLELA 2RO Y v v F0HE A5 I EM
OAMEATHEIICEHEEINTVDL, ZOBMI AT LD
BROY X v FEWMHBE Dy v FA bu—sHl#HL %
YA LAS, EVICERSETHRBET) ',

Fig. 312, #2757 LA DR ERT. Vv v FEmD
O— Ft)b (%58 3000kN) & A hu—7EHilHO 7Y %
WENGHE ML=y b3y ba—F =R INT
Wb,

M L723B0oMEL=y ba ¥y ba—F—i, RS485
WEDKT, HEHI -8 LRI TV, il
Har¥a—%ik, £1—%4y PAKRTA ¥ ¥ —% v M
ERITnd, ROBIERT AT 41%, Vv Mg

—170—



DHILEATER Y A T 22 X BRI R RF R B 5 A e

| 6,000 |

i - i
B /]
1]

—] ilj 3
EE Oll]ac ,OOkNSOOmm

Reaction frame ( SM490 )
ad cell Y/ BH-800x450x26x40

9,000

el

B
AN

BH-1,000x450x26x40
Fig. 2 HEMEA > 2 7 2

4 4
o :_ _ :_ _P_r(zxy Server
7 I | ~

(a) Data Dt

(2D 2) W2 R HINE S T 2720 OBEERMTEIIONT

Offline Online digital data
Analog data
N DDT
Data -=== logger
logger . GPIB
- Computer
Computer for for control
Dataprossing
1
! Ethernet
wog Internet
w i
AR - . 4/" Computer for
-1 Comunicate
€O : Displacement tranceduser H.P.C : Hydraulic pump controller
I Loadcel DDT : Digital displacement transducer

~— : Electric signal cable
—« = : Hydraulic hose

Fig. 3 il X 7 2 DHERL

Internet

,,,,,,,,,,,,,,

Proxy Server

[

Firewall

(b) Firewall, Proxy server & HOST, STATION DA i

Fig. 4 Proxy server Zilio7=vV 4 v Ml

Tur g aw4LTCattRomeE, MegE s, mat
FEREERRT DI EHTE %o

2.3 ERFLEEEICOVT

SIHGERR Y AT AT, E R B B RAERE AT 7 1
7T AROERY AT AL, Hifit - 85T 2 AR DL
L% b,

I, REMoOER TEERESELEVWT T bavg
WHL, 774X =7+ — VETRESNIIIZERE & b,
HAE - WA RIS T 2 LR ETH S,

WZIE, REHGEMT 7O 54, EBRYVATLALLRE
DICHARTE D LIS, Bbisti % % 2 X KRMT 5 6%
bbb

AWFFETIE, ZOMEREBRT %720 Fig. 4 1R
EOEEYry MEFEITHIZEE L, KWEEE O
T 7 A XY =75 =Rz, Y — 3— (Proxy ¥ —
N—=) BRH L7 bbb, WIEREE O SN~ DH
BIIER SN, A2OHANOEEIZHEMTES L)
T7AXY =7 —VOWEEFHL, FBEEOEKREFESL
I T ERRIE 2 DDWIE Z K UDF S Proxy —/N—%,

T7AX =7 4 = VOIHIHKE L7z ZOBREFERIE, K
WK¥ Peng Pan -LICX W RESH, TurIafbksh
7205,

CNICED, £y —F v MEFAR LR & %
WED, 774X =7+ — VOBFRIIHD L TETTE %,

3. EEEMEICOVT

Ry AT AT, ROBILEIHFBT 2551, Hx%
EERY, MO R ELEE L, 2RO
BT, HITHOXZ bVLPRBEE LW, FXL—F —
AT ) v T4 7P (0S{:) & Hilber 12X - THEE N
PR RIRENE — F 2 BEREEIC L ) ABIMICRES ¥ 2 @
HEEMAG DY 0SS HEY Y 2 EERSEE LTRM
T2

OSHERLT O (nl) A5 v 7O T4,
@yry Vo) EBIETFZNL, EEE (d,, v,) ZHW, BT
r R BEPEER S & WPERR SN & IS HEL TR,

dui = d, +At-v,+ A’ G_ ﬂj a,

—171—



FHBIE - FARBER - WP - (A B - AR

= Mass : 397.7 (t)
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* Calculatated rotational stiffness
Kes =8.17 x 107 (kN - mm)

* Period
T1=0.817 (s)
T2=10.000175 (s)

* Damping factor : 0.02

* Time step : 0.005 (s)
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Column BCR295 205 295 490 0.60 -
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Anchor bolt ABR400B 205 298 446 0.67 34

E : Young's modulus
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