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Optimal design method for structures with viscous dampers in base isolation layer

LI Bo, ZHANG Yunhao, YAN Guogian, GU Haifeng

(School of Civil Engineering, Chang’an University, Xi’an 710061, China)

Abstract: In order to effectively design the viscous dampers in the isolation layer of base-isolated structures, an
optimal design method was proposed to determine the damper parameters with the design emphasis of displacement
and shear force of isolation layer. The seismic energy balance equation of base-isolated structures with viscous
dampers was established. A simple method was given for predicting the maximum displacement and total shear
coefficient of isolation layer using input energy at the end of earthquake. The accuracy of the prediction method was
verified by dynamic time history analysis. Results show that the prediction accuracy increased with the increase in
the additional damping ratio. The response reduction effect of the isolation layer under the optimal shear design was
analyzed. Based on the design principle of solving the minimum value of the combination function of response
ratios, an objective function for the optimal design was constructed by using the linear combination of total shear
response ratio and displacement response ratio. The responses of the isolation layer under four typical design
objectives were analyzed, and the optimal design process of the isolation layer with viscous dampers was given.
Finally, a six-story steel frame base-isolated structure with viscous dampers was designed and its seismic
performance was verified. The design example proved that the optimal design method is of feasibility and
convenience. The prediction method can be used as a response checking method with good accuracy and safety.
The viscous dampers design method which can optimize the displacement and shear response of isolation layer is
efficient, and the design process is suitable for manual calculation.
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Fig. 1 Restoring force characteristics

M L) rTRUE Hh, d TR e 7 5 & R AR
52 S JAE ) B R A AE AR 22, e SR A R Y )
FAE=FHZ M, fERsh FERR ST 0, 5%
8 KA M n] e om 8 5 T -

& 0
5 2 1 1 (1)
me Qim

BT B ZI BB R 2 S5 ) Q AT



54 3] ZE U, AR A B R S BN R L e AR SR A B T ik - 103 -

0=0+0 ko= ()
A5 (2) R BRI ) 0, 51
BRI ) Qo LR B BLR BRI Ty 0,0, 2 1
%5

= O+ O (3)
i SR BRI I 0 R o, EEHRLIE 2500 ) R
$ o, (TR ) WA R0 1 R o

O Qi _ O

ap = Mg y O = Mg y O Mg (4>
H1E0(3) IR R B A AR K&
o = Joi + o (5)

1 T b = Sh 25 A Al R 457 1 AR S i G EE R 7 R

T 5 A TH A, P i J2 1 260 i B A 1) B il Rl 72 435
FAE GRS IR IR B ¢ BN 20 g P 5

Wd,h(t()) = E(t,) (6)

A W R R B e & i RE YRR JE #ERE E KR

MR AR R . 5 AFRHEN N &, & R E &)

PGE S A 5 11 B 72 J 2 BEME A B8 5, AR ME Y O &

%& C"() ) H

TV,
o = ﬁ (7)
27V,
S %)
b Ve MR A RE B A, A
MV
E(t,) = > . (9)

HIESE SC Ry, = 8,,,/8, AL E Rt BB 43 AH X T A
WHJE &8 1 b 52 22 B 07 b, [ B, E R, =
/oy HIEREE G Ty B LG . R BHJE #% EAERE
W (o) TR A
Win(ty) = nmQ b = zﬂn%&MV}zz
' ' oy oy 2
(10)
2 n S Zb v BELE & 09 S5 A0 18 52 OB, 2R R B
JEARFERLAY RE AR S T L A% 1 i (0] 35 ith 2 0 30 1Y)
UK, AR 26 A 0 B .

2.0, T, <5
n=1{-0.233T+3.67, 5<7T, <8 (I1)
1.0, T, =8
R (9) Az (10) FRAZ(6) AT A
2an A g (12)
oy Oy

N & Z RIS E BT ) B8 o 5IREMESY J1 R o
Z W a/ay ATFHBE & ay RN

o _ 1 .
oy 2mnoay
NN RALFE 8,5 ap ZIAFH U EER
6[“3‘( atMg/ki af
_max o _ - 14
O oagMg/k;  ap (14)
BRI L R, T ZRIRH
Smax 1 &%)
= = — — 1
Ry 4, 2mn a, (13)

BT Sy b Ry G (S) AR R
ay 1 o 2 J 2
= C IR C R

A, a2 e & o, RN, FI AR (15) BiaT
B3 EEZE R R TIAE ; A (16) Bin] 15 3
PR = 2 B R R BT S FRAE

ST 2y BHLJC #5 K85 7 Qe 7T A H LA
8 HICRIRME , LA ., Py S5 RO 2% 1) T 15 i 2
y =8,msin(w,0) T BHJE aR PR AL LS 2540 14 2 0 B i BE
Jett ¢, F#mmh

w,
Qd,max = cweqémax = zé’d JQ[,max (17)
o

A (4) (X (13) KX (17) ATfFR e i o, ST M
BHIEEE ¢, BZRIAT:

% — gdweq ( 18)

o TNW;
ALUL, R INBRJE B ¢ TR B o, W PSR
RO 0, KNG53
1.2 HHER
AL 1R RN S JZ AHER 5T U] AR A
(B2). d5tb)ZE0 3 m, () Wi B2 A6 8 43 A, B
LZRIEE R R R W R0 172, 45 2 5] 5
fio M IZHESHILR 1, S22 7]
I 43 1 EC 21 500 kN/m 112 000 kKN/m , A 4 4%
VAR 3.0 s F14.0 s, BT BEJC 2% 09 B im BEL
Je LeAE Ry =447 A8 4 43 31 0. 05.,0.1.,0.2.,0.3
0.4.0.5.0.6.0.7.0.8.0.9.1.0, B HiEE
RIS JBERH e R Eh O, [R5 i A5 FFEfE .

m;

1.0 k
0.5k,

1.0 ky

4 1.0k,
k=6.45 x 10°kN/m

ke @

2 Bl
Fig.2  Analysis model



- 104 - S N T A N - ¢

554 &

®1 LEHEHSH

Tab.1 Parameters of superstructure

=7 it/ kg WIEE/ (KN - m™")
5 980 000 3225 000
4 980 000 4 031 250
3 980 000 4 837 500
2 980 000 5 643 750
1 980 000 6 450 000
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Tab.2 Displacement of isolation layer
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Fig.9 Relation between optimal total shear coefficient and maximum displacement
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Fig. 12 Displacement response ratio in optimal design
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Fig. 13 Total shear response ratio in optimal design
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