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COMPARISON OF COLLAPSE-RESISTANCE CAPACITIES OF RC
FRAMES WITH AND WITHOUT DAMPERS
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(Key Laboratory of Concrete and Pre-stressed Concrete Structures of China Education Ministry, Southeast University, Nanjing 210096, China)

Abstract: Different from conventional seismic design methods, seismic damping design method adds dampers
in a structure which can dissipate input energy to control the structural seismic response. As a result, the member
section sizes or the amount of reinforcement in the structure with dampers may be reduced from those without
dampers. A series of reinforced concrete frame structures with nonlinear viscous fluid dampers as well as those
ordinary frames without dampers are designed based on the current Chinese seismic design code for different
seismic hazard levels. The seismic collapse-resistance capacity and safety margin of all these frames are
calculated and compared through a collapse fragility analysis based on an incremental dynamic analysis approach.
According to the results, a suggestion is proposed to enhance the collapse-resistance capacity of damping
designed structures for high seismic hazard levels, and the effectiveness of the suggestion is verified.
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Fig.1 Structural layout
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Table 1 Cross-section dimensions and material strengths

YRS KZ6-715 KZ9-75 KZ6-8 KZ9-8 KZ6-8.5 KZ9-85
1)2-3 2k
A 500x500 550x650 600x600 600x700 750x750 800x900
AR mm
4 2~6 2
i 450x450 550x550 500x500 600x700 650x650 800x850
FH R /mm
7IA-9 Jat 550x550 600x700 800x850
- X - X - X
RS /mm
AT
250x500 250x500 300x550 300x550 400x650 400x700
R~ imm
T
250x450 250x450 300x500 300x500 400x600 400x600
JR<FImm
L3z C30 C30 C30 C40 C30 C40
oA g it
4)3~6 2
N C30 C30 C30 C30 C30 C40
VREE R
e — C30 — C30 — C30
TREE TR
A HRB400
R4 HPB300
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Table 2 Largest column axial ratio and maximum story drift
ratio under frequent earthquake

k'S KZ6-75 KZ9-7.5 KZ6-8 KZ9-8 KZ6-8.5 KZ9-8.5
MK HER 057 062 046 046 036 041
CIEYE) g b

PR

PR 1/596  1/590 1/596  1/562  1/595  1/587
BCRIZ IR F

PR E 1/586  1/593  1/583  1/580  1/571  1/580
BRJZ RS F

0.75 0.75 0.65 0.75 0.65
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Table 3 Arrangement of dampers

JZ6-75 J76-8  JZ6-85 JZ9-75 J79-8  JZ9-8.5

9= — — — 2vD1 2vD1 8VD3
8= — — — 2vD1 2vD1 8VD3
7)R - - - 2vVD1 2VD1 8VD3
6 )= - - - 4VD1 3vDl  10vD3

5% 2vD1 2vD1 4VvD2 4VvD1 3vDl 10vD3
47 2vD1 2vD1 4VvD2 4VD1 3vDl 10vD3
3z 2vD1 2vD1 4VvD2 6VD1 3vDl 10vD3
2= 3vD1 2vD1 4VD2 6VD1 3vDl  10vD3
1)z 3VD1 2VD1 4VD2 6VD1 3vDl  10vD3

7E: VD1(viscous damper 1)BHJE R ¥t C=700 kN/(m/s)™*, BH JE 5%k
0=0.4, VD1 #iMHUTFFRRIZIZZE SHUS SR EH, TFH:
VD2(viscous damper 2)FHJE Z% C=1000 kN/(m/s)®®, FHJE 5%t
0=0.3;

VD3(viscous damper 3)F1JE &% C=1000 kN/(m/s)**, KilfE 1%k
0=0.4,
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Fig.2 Reinforcement of 6-story structures
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Table 4 CRpyceand CMR of 6-story structures

4t 'S Kz6-75 JZ6-75 KZ6-8  JZ6-8 KZ6-8.5 JZ6-85
CRwmce/(%)  9.17 4.38 0.11 0.22 0.44 0.76
CMR 1.97 2.22 3.09 2.91 3.50 3.13

#=5 9ELEMAY CRyce #1 CMR £ R
Table5 CRpyce and CMR of 9-story structures

it 'S KZ9-75 J79-75 KZ9-8  JZ9-8 KZ9-85 Jz79-85
CRwce/(%)  2.01 2.00 0.22 0.22 0.03 0.49
CMR 3.27 3.35 4.45 4.40 5.84 441
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Table 6 Results of energy demand

75 FF 8 [ 8.5 ¥
RS RBRE RG> (%) 58.2 33.4 417
JiRJZ A RARERE I 21 (%) 45.6 17.8 -28.8

% 6 TTUUE H, BT 2 iBH e 48 ke Re
TER, BREEMII A B S RERE I = DR &
THESR 5 B BT HESLAH LE B B B (H )2
FERYEEARERE T &, R W HESEAR X T P ¥t
HEZE (I BRI B B/ — 2k, EL&E 8.5 BEltit 44 R
(9 S48 H BT 99 E 22 AE KT T 47 7 HE 4 e i 3 K
(I T (kN 38 —28.8%, R sSEZhr L2 K). X
SRR YRR 1A I E 2 1 B8 REURE A RH 9 4 453 495 BE
LT IREHEIRAL, W By R R F s, X
I GER A 2

EROX — IR E R G W . — 75, 5
BB I, 5 R R IC 55 TE B B K b R A %
il WIFTATR, PURRMELL L IR0 HEZE 32 AR 45 44 7K -
HFEAERIARZE R, 5 SRR AR LR E AR AL T S T
FENESAR LI/ D B, TR 2 T B A
e /NEC R ER Yok R B THAE SR 5 B REAE SR A L T
A 22 A TR E AR IR 4 K (TE B 2 F & 3 HmT DL 2
IR G, DRI ak 72 1 HHE S i = AN 351 202 1Y)
Fic i &6 R 2 AR 4 S BOL B P RERE B A X T PR
HEZETE A2 b T 2 A

F—J7 M, BN BE G 28 AR AT 98RBT AE SR
(2B 1t AR RE A4 T ) B v TR 2 AT . X n] LAd
R —AEBEX LR KRGS KZ9-8.5
BN BHJE #5 (i FH e 2% AR A B 5 0E 450
JZ9-8.5 #[H), it AN KZ9-8.5-str., iliid IDA 437 )5
THEILBMERERE T 5 5 KZ9-8.5 XfLk, KI: H
%] KZ9-8.5-str 55 KZ9-8.5 #H L., % [HI L 1 5¢ 4= AH [ ,
PERE RIAVERERE I/ 47.1%, TR EAEEIERERE R
/D 7.8%. BT WLAEAN P INFHJE 35 1 0L, HEZREEH4)
(1798 T R RE A5 A 1) I R AR AR i 3

ZE L RTIR, R W THAE SR HR AR R I P B P4
LT TREHMI R SHHLEEHERS K
AR, DT ST R AR 25 KA B AR SR R T . BRI,
TR R X R W T E 4, BH e 4% IR B4
R 35 B8 77 B 38+ I A — 58 BE 8 R A0 45 14 IR T
TR0 (CRR ) 2 SIS 2 A T 7 ) 5 B B 81 35 e 70 R )



30 €T %

¥

550 WO BON TR BT ZURE 8.5 FE MR & THIESE,
FOR AR R T Lo as, nR A R e 4 4E
FH B 11 5 4
33 REHEAHMENMRS T

¥ 6 ZF0 9 Z & ZIEE 8.5 BRI TT AT
JBJ2 A T 75 K F A 2% 8 BELJE 28 48 FH I ok B 45 2R A
HEAT INSE, 43 Hic N JZ6-8.5-str A JZ9-8.5-str. Xif
TN J5 PR BT S5 K IEAT IDA o dr, 19 3% S5 R
ANF R AR AL N IR, R RN BOE S An
HATIE, 19200058 5 96k 7= 15T 2548 1R 15 35 M =
o INORJGIRE W 450 5 R R Wt S A PR
BT AP IR Re S5 b LKl 5.

1.0

—— HUE BRI
—— R
—e— R HE ISR IR AR 45 4
o 2 4 6 8 10
HhRE BRI
(@) 6 285 &

/‘/A/‘d

0.5 1

EREE RS

—=— PR B4
—a— R BT E

0.0- .
—— JESZ ISR 4

0 5 10
R BB E /g
(b)9 )= 8.5
BI5 0585 0% Bk g R I P s ae 13 b
Fig.5 Comparison of collapse-resistance capacities
among different structures
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Table 7 Results of strengthened damping structures
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