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Seismic Performance Evaluation of Special Reinforced Concrete Moment
Resisting Frames With Hybrid Slit-Friction Damper

o % & 273" R
Lee, Joon—Ho Kim, Gee—Cheol Kim, Jin—Koo
Abstract

This study develops a new hybrid passive energy dissipation device for seismic rehabilitation of an existing structure.
The device is composed of a friction damper combined with a steel plate with vertical slits as a hysteretic damper.
Analytical model is developed for the device, and the capacity of the hybrid device to satisfy a given target performance is
determined based on the ASCE/SEI 7-10 process. The effect of the device is verified by nonlinear dynamic analyses using
seven earthquake records. The analysis results show that the dissipated inelastic energy is concentrated on the hybrid
damper and the maximum interstory drift of the SMRF with damping system satisfies the requirement of the current code.

Keywords : Hybrid damper, Slit damper, Friction damper, Reinforced concrete special moment resisting frame,

Seismic performance evaluation
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(c) Rubber type seismic isolator element

(Fig. 2) Nonlinear force-deformation relationship
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(Fig. 3) Nonlinear-static analysis results
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(Table 1) Seismic design variables for model structure
MCE S, =1.00g, S, =0.60g
Site class Class D
Site coefficient Stiff Soil: 7, =1.0, £, =15
Design earthquake S =0.733g, S, =0.600g
Risk category I
Importance factor 1.00
Seismic design category D

—— 5@7.3M=36.5m——

k-3@4m=12m->]

(Fig.

x>
—

Ty
7

f—————T7@7.3m=51. Tm——

(a) Plan

(b) Section (A-A)
4) 3-story SMRF for numerical analysis

=~
=T

z}z] 7} Axg FRES ] e A fz}/\]z:‘%ﬂ (Seismic

Force Resisting System,
(Damping System, DS)S.2 F-E3}e] 4

He

RET Ao/ e VA A N 11

oo X ool o

SFRS)#}  7F2|A|2-H
A= W
o ANDT. B APINE $YAAED 4y
o83t AT SR Ao
2 7}A] 713S Ea) SFRS9] HIAE A4S
B3 W AARRRESAS,
A, HASFAT)E o83t SFRSS HIA

] Eé(Bllmear) o7 7}A3). SFRSe] &
21 )9} Rol WRAS AL} 57}
PHAgE e B 24

T T =

oBL 0}‘_4 il

Pﬂ rUIo 4

2=
T

o o

53 deeads 54

7196kN, 10509kN o]t}

L%y (9)

o
ofo

off
o

2
fo
o)
[m

N L
* ok
ol ro
2 2
(S

flo

SMRF 5F X-dir.
———— SMRF 5F Y-dir.

SMRF 5F(0.75V) X-dir.

— 5V) Y-dir ——— SMRF 5F(0.75V) Y-dir
T ot

0 0.01 0.02 0.03
Interstory Drift Ratio

(a) 3-story

0.04

0.01 0.02 0.03
Interstory Drift Ratio

(b) b-story

0.04

(Fig. b) Interstory-drift of SMRF models

38 _HI17A HAZ SA 703, 2017. 12



H
;
N

AT ZIYE 5F BEHE X9 A E
gt A A 2o vy HAsA
AE B]wst7] Y8l Perform 3DS o] &35k xH}
& 1IARE o) mlgste] 4 39 ks A
At jHe FRsAT BIAY sl AR-H
71%9] o€ wdl e ASCE/SEI 41-067¢] A= o]
9= Cord-rotation #]o wla} HoJsta, B &
A gtel Moment hinge(Rotation type)E H| ]
3}ﬁE}<Fig. 6> ZITEQ AAYTE TAE
i, AR 2HAEE st FAYES ¢F7
o} A2 JEAEE 1.250F AEatth 14

+ & oo gidl 5%2 7MY, o€ AT
o o3t A EH+= 17 0}7(] OLOL‘:}

iﬁt

ol

ith3
_&L_l,
9
H
1:1I_',
(e
do
r
Xl
T
=

T

(o]
fl
-

N
i
Lo,

2,
)

Moment

M, M,

My|------ My|------

Rotation

Rotation

Dy Dx 6y 6L Ox

(a) Beam element (b) Column element

Force

Fysit

Ksiit

Fy friction

Disp.
Sy, sit 20mm

(c) Hybrid damping device
(Fig. 6) Interstory-drift of SMRF models

ASCE/SEI 7-10°] w2} A= 5
E B THE Fxo| A7 Uud
olm, Eg &l-vhE X7} u}
75%%2 AE oA BRde] A WHHTE
5095kNe| A9, F oAl F2=9] Ao} B Fx
13715kN, 13185kNZ SAlslTE 74338 A=
04 AEAG A FER=S HF S0k a7
%LH e mhEi =] Sy &3 A7

of wet 7] /o] Fas, Bt 7%
A7h A BASARE SIHAS] 2%} 4%

o

gahe Age FARD A ol AES B

rum o

_/

otk
-IFI
rot 11?&

3

o M1 B

£

20000 20000

16000 4 ! 1 16000

(kN)

12000 4 12000

8000 4

Base Shear (kN)

Base Shear

——First yielding point at column
' g ' I
First yielding point at column

4000 4

8
8

5-RC SMRF (1.0V) ‘
o T T T T T T T 0 T T
0 20 30 40 50 60 70 8 o 10 @ 70 80
Roof Displacement (cm) Roof Dlsplacement (cm)

(a) b-story SMRF (b) Damped SMRF

(Fig. 7) Pushover analysis results

5 RC SMRF(D 75\/) wmn Dampe

4.2 HiMe SHsH4

ASCE/SEI 7-109]] oJ8] AA% 7H2A)28l0] 4
A AIFAYE EF ERIE 29 Y5 H
=23 E3l-vkd AR olgAESs 48]
Al Y FAsAS ST Ao AR
2717122 PEER NGA Database 4] A 3% 7]
= F 7719 oﬂ/\} A X]J']—E el 5l t<Table 2>,

<Fig. 8> 5 oA F2E vy 54
34 7&401‘# %‘% /a\ Sal = e B e = e R
o] AAA 3 Zelo] A A= wzk AMoE F
/\] 39t} Northridge, Imperial Valley, Kobe A%

o ) A%% WSk G AT, B
—E— ARG AR SHe PASA £ 7
A7t B8 BE dATREY WAE BN
of o1g Hu) ST B8 F9 2% % 2

1A F3kHi<Fig. 9>




°
M
fok
N
N
[}

3-story SMRF
3-story SMRF with Damper

5-story SMRF
5-story SMRF with Damper

3-story SMRF
3-story SMRF with Damper

S-story SMRF
5-story SMRF with Damper

5 5 5 §
= = 54 ~ 54 b
c € € <
[ @ [ o
£ £ 0 £ 0 £
8 8 8 8
N 2 £ ) £
& & & o
D. (s (a3 a.
15 4 15 4 15 4
-20 T T T T T T T T T 20 T T T T T T T T T 20 T T T T T 20 T T T T T
o 5 10 15 20 25 30 35 40 45 50 o 5 10 15 20 25 30 35 40 45 50 o 20 40 60 80 100 120 o 20 40 60 80 100 120
Time (sec) Time (sec) Time (sec) Time (sec)
(a) Northridge (b) Imperial Valley
20 20 30 30
3-story SMRF 5-story SMRF 3-story SMRF 5-story SMRF
15 3-story SMRF with Damper 15 5-story SMRF with Damper 3-story SMRF with Damper 5-story SMRF with Damper
20 204
—~ 104 —~ 104 ‘ —_ —
£ £ £ £
s \ A f\ s s
£ € TN € £
o T o \ Wit o o
E ° i A’WW\/\W} g °] I o— g E
NI v A iy o]
s I i 8 o U\}WMQ/U\/\AM 8 8
Q Q v Q Q
8 ™ 8 8- &
ST [SIRTR o o
20 4
15 4 15 4
-20 - r 20 . T 30 T T - T T -30 x - ~ r T
o 20 40 80 o 20 40 60 0 10 20 30 40 50 80 o 10 20 30 40 50 80
Time (sec) Time (sec) Time (sec) Time (sec)
(c) Kobe (d) Loma Prieta
20 20 10 10
3-story SMRF 3-story SMRF

Displacement (cm)

3-story SMRF with Damper

e
el

[ .
\\’J\ U\ Nﬂ | ‘.“,UJ\/J«ﬁV,X’V\d [T YOS
id)

3-story SMRF with Damper

g """MM

Displacement (cm)

Displacement (cm)

5-story SMRF
5-story SMRF with Damper

Displacement (cm)

5-story SMRF
5-story SMRF with Damper

20 T T T T T 20 T T 10 T + T v T 10 T v
o 10 20 30 40 50 60 o 10 20 30 40 50 60 o 20 40 60 80 100 120 o 20 40 60 80 100 120
Time (sec) Time (sec) Time (sec) Time (sec)
(e) Superstition Hills (f) Chi-Chi
20 20
3-story SMRF 5-story SMRF
3-story SMRF with Damper 5-story SMRF with Damper

104 10 4
& Ll s
T g 7 I '\ T

L Y e — | o

E LT £ T e
3 1y ] i JJ i
©-10 ©-10 A
3 J a !
2 K]
a o

-20 4 -20

30 T T T T -30 T T T T

o 10 20 30 40 50 o 10 20 30 40 50
Time (sec) Time (sec)

(g) San Fernando

(Fig. 8> Nonlinear dynamic analysis result

(Table 2) Earthquake records(PEER-NGA Database)

ID

Name Component

PGA Max. (g)

1C1
5C1
7Cl1
13C1
16C1
19C1
21C1

Northridge
Imperial Valley
Kobe
Loma Prieta
Superstition Hills
Chi-Chi
San Fernando

NORTHR/MUL009
IMPVALL/H-DLT262
KOBE,/MIS000
LOMAP/CAP000
SUPERST,/B-ICC000
CHICHI/CHY101-E
SFERN/PEL09

0.52
0.35
0.51
0.53
0.36
0.44
021
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