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Abstract: To address the issue of excessive floor-
mounted equipment acceleration in existing non-isolated
indoor substations, a partial isolation retrofit strategy was
proposed by introducing isolation bearings between the
equipment and the floor slab. Based on this concept, a
shaking table test was conducted on a prefabricated steel
frame structure representative of an indoor substation.
Three isolation schemes were considered: a fixed-base

system (FBS) , a base isolation system (BIS), and a
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partial isolation system (PIS). BIS was further categorized
into BIS-LNR and BIS-LR, corresponding to the use of
linear natural rubber (LNR) bearings and lead rubber
(LR) bearings, respectively. Experimental results show
that the maximum equipment acceleration in FBS reaches
1.42¢g, significantly exceeding the allowable limit of 0.6g.
BIS-LNR, BIS-LR, and PIS reduce the

average equipment acceleration by 87%, 69%, and 77%,

In contrast,

respectively. In terms of structural response, the
maximum inter-story drift of BIS is only 38% of that of
FBS, while PIS shows a drift similar to FBS. Both remain
well below the code-specified limit of 1/50. These results
demonstrate that the proposed PIS retrofit strategy can
effectively achieve the dual control of structural and

equipment responses in existing indoor substations.

Keywords: partial isolation; base isolation; steel frame

structure; shaking table test
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Fig.1 Shaking table test model
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Tab.1 Model similitude relationship

YRR MU MR PEE HOSES HRIE
K S, 0.333 T faf 2% S, 1
A Sy 1 Akl Sy 0.037
13 11 S, 1 UIES S, 2.449
R AE S. 1 Wil S, 0.333
R S 1.5 i i) S, 0. 408
ik S 0.056 || JmtpE S, 2
F2 WIEXRAGEHERT
Tab.2 Steel frame component cross-sectional
dimensions B :mm
Fatt A MBS
Fi H280X 100X 5% 10 Q355B
Wz H165X60X5X5 Q355B
M RHS200X 150 X8 X8 Q3558
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Tab.3 Equipment cross-sectional dimensions

B4 :mm
TR MRS TR MRS
@219%6 Q3558 20 mm Q3558
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@140X5 Q3558 4 mm AR Q3558
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Tab.4 Ground motion information
2 ESIA| A Hh 3k A B WIEN/km apo /g FEET/s
Darfield R 2010 New Zealand Kaiapoi North School 7.0 30.53 0. 36 73.73
Christchurch IR 5 2011 New Zealand Christchurch Botanical Gardens 6.3 5.55 0.55 45. 00
AGM N T HiE ) 0.22 40. 00
r 14 ¢ 250
o, cmmee s
ih ---Darfie 200 -~ Dartie Ve
Darield 1.0 [ —-— Christchurch —-— Christchurch a
20 ) Thh | —-AGM 7
i Christchurch » ! "
b V4
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(A /s JA#/s
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Fig.3 Ground motion and response spectrum
257 8r 8r
is| Bl o1
10} g' j
z far z 0 z 7|
= 0 2 0 % 0r
quf(i.g_ LY«_Z_ >-L<_2_
—15} & r —4r
—20 —6 —6 H
i2.5 1 1 ] 78 1 1 ] 78 L 1 1 ]
—40 —20 0 20 40 —40  —20 0 20 40 —40  —20 0 20 40
6/mm 6/mm 6/mm
a LNRS8O b LNR100 ¢ LRI100
El4 GBS EEK T far gk A0 #% i E fh 2k

Fig.4 Horizontal load-displaceme

=

1.3 M=
IR A HE

771'5

LM AES 7, B AE

nt hysteresis curve of rubber bearings

1.85 t, W JE B 4. 0t AR Y AY fE 1 28 2 B 45 44
R, BRI far 280 6 KNemm 2, J3 11 W ff 28



2

SR/, G 2 P NI R R O UBAE S AR 0 PR R S5 AR R AR B 65 188

187

Fmin
b LR
BEl5 AR NFITHKE

Fig.5 Horizontal mechanical behavior model

of rubber bearings

x5 BERXENFIERE

Tab.5 Mechanical properties of rubber bearings

K,/(N- K,/(N-

FiIE=2 ) I F,/kN &%
LNRSO 55
LNR100 158

LR100 147 110 3.2 30.7
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A 3 X MR S A A R O A T AT, 3R
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RURR AR AT AL, VA S5 F IR & A Bidl A2
M e SRR . 7RSS 2 FEE 3 B b, S5 AR AL S
S HIBEAS T LNR VLR 32 33X A3 3R AR T 1R & i
R TRHE . A FBS Y1431 BIS-LNR,
A 5. 0 Hz Wi/ 8 1.0 Hz, BEJE LM 2. 6 % 35k
| 8. 5%, 1M BIS-LR Hy#5 22 FFHJE L4350 3. 8 Hz
F110.9%. 7E565 4 BB, A BIS-LR Y] 4 4y PIS,
PIS F1FBS BXF b &b 5 % 81, Wi B AR AR 3T o
T 108 B 22 0 0 I e S R A ARHE SR 1) 5 i)
AR /N AR AT DLW R 4 5 BB B, A 2. 696 14 m %]
3. 1%, HEI8 1 — iR AL T AT, SR I b S 4
ARG AN B E R P IERRR S, LR i 2R
PERS KR /N o T LNR S 88 22 5 5 F LR S JRg
PA] i BIS-LNR (12 [A) 457 B 9 i 56 A WA, T PIS A1
FBS ) — iy B A —3

5 1B E:: FBS E2BBE: BIS-LNR 253/ EL: BIS-LR A BE: PIS 55K B FBS
EIR75-16
Darfield  0.07g Darfield ~ 0.07g Darfield  0.07g Darfield ~ 0.07g Darfield ~ 0.44g
Christchurch  0.07g  Christchurch ~ 0.07g  Christchurch ~ 0.07g  Christchurch  0.07g ~ Christchurch  0.44g
AGM 0.07g AGM 0.07g AGM 0.07g AGM 0.07g AGM 0.44g
P -5 P17 -9 FIgER-13 FIgA-17
Darfield 0.20g Darfield 0.20g Darfield 0.20g Darfield 0.20g
Christchurch  0.20g  Christchurch ~ 0.20g  Christchurch ~ 0.20g  Christchurch ~ 0.20g
AGM 0.20g AGM 0.20g AGM 0.20g AGM 0.20g
il -1
Darfield  0.44g Darfield  0.44g Darfield 0.44g
Christchurch  0.44g  Christchurch  0.44g  Christchurch ~ 0.44g
AGM 0.44g AGM 0.44¢g AGM 0.44g

B6 mEyEHR
Fig.6 Loading scheme
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Fig.8 The first-order vibration mode of the model
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LNR 9 s KA I AR 0. 23g, #HEST FBS 1
FTAT T8 R 200808 T 87 % 5 BIS-LR (9 R4
HE R 0. 42g, AHE T FBS TEFTA T.00 R F-25/ 1
69% . TEATIIFE AR T AT, e R A i &
s B 2 3R AE Chrristchurch T, H1 & 3b Hr iy n
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Fig.9 Peak acceleration amplification factor at various heights of the model (a,;,=0.44g)
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Tab.6 Equipment acceleration results
&R 4] a8 el & A 7 I Tl apealg Al g A i
Darfield 0.07 0.29 4.12 0 Darfield 0.07 0.12 1.72  0.58
Christchurch 0.07 0.32 4.52 0 Christchurch 0.07 0.10 1.42 0.69
AGM 0.07 0.35 503 0 AGM 0.07 0.13 1.86  0.63
Darfield 0. 20 0.88 4.4 0 Darfield 0. 20 0.24 1.21 0.73
FBS Christchurch 0. 20 0.85 4.25 0 BIS-LR Christchurch 0. 20 0. 26 1.31 0.69
AGM 0.20 1.05 5.25 0 AGM 0.20 0.22 1.12 0.79
Darfield 0.44 1.42  3.23 0 Darfield 0.44 0.35 0.80 0.75
Christchurch 0.44 1.02 2.32 0 Christchurch 0.44 0.42 0.95 0.59
AGM 0.44 1.41 3.21 0 AGM 0.44 0.35 0.80 0.75
Darfield 0.07 0.03  0.47  0.89 Darfield 0.07 0.06 0.88 0.79
Christchurch 0.07 0. 04 0.50 0.89 Christchurch 0.07 0.08 1.17 0.74
AGM 0.07 0.04 0.57 0.89 AGM 0.07 0.08 1.08  0.79
Darfield 0. 20 0.08 0.41  0.91 Darfield 0. 20 0.15 0.76  0.83
BIS-LNR Christchurch 0.20 0.13 0.65 0.85 PIS Christchurch 0.20 0.21 1.05 0.75
AGM 0. 20 0.12  0.60  0.89 AGM 0. 20 0.18 0.88  0.83
Darfield 0.44 0.14 0.32  0.90 Darfield 0.44 0.32  0.72 0.78
Christchurch 0.44 0.23 0.52  0.77 Christchurch 0.44 0.38 0.8  0.63
AGM 0.44 0.22 0.51 0.84 AGM 0.44 0.33 0.76 0.76
fifi 15 25 B A% [ B 3k AE AL 2540 5 bR Sl i sl Bk ] (IR B s R i XU -
B, R I g N 2 R R A . PIS iR KX 2.3 HGL#

M E BN 0. 38g, #HHL T FBS FE A 1.0 T F
YIR/NT 77%
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I BIS-LR 7E AR AK 380 (apen=0. 07g) T B =
AR X — 8, B8 i B P-4 BE /N 63 %6 A
FbZ 7, BIS-LNR 1 PIS 43 53 /N T 89% F178% ,
F AT 4R T LNR SRR PERIEE . R 6 7]
UL, BIS-LNR 55 PIS 7 /A [R] W4 (R Hb [ i B2 7K ~F- 79
HRE Bl T YRR IR RN AR B Bl VAR

SVA L PIS X T #4519 PR3P RCR 6 4T BIS-
LR, (HAUNBIS-LNR. Xf FREA AR Z 4 AR
HL 3l B A PIS 28 s AR i, 7T LB I

T 2T i

i

i
- .— FBS S mml
il T RSNk i
-- BIS-LR i
- PIS n
# .
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