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depreciating seismic energy and having a repairable structure is to use the rocking brace system. In this
study, the effect of using swing brace along with liquid viscous damper in improving the seismic fragility
of structures has been investigated. The swing brace is formed by adding a liquid viscous damper. The
set of this system has been installed at the base of the structure and in two ways of connecting the cables
to the first floor and the last floor. For numerical studies, a three-story shear structural model with
nonlinear behavior is considered. The examined structures in an uncontrolled state and equipped with a
brace-swing-damper system have been subjected to the vibration of 60 earthquake records recommended
in the seismic regulations with different specifications and frequency content. The results of dynamic

Keywords:
Swing Brace
Viscous Damper

analyzes are subjected to regression analysis to obtain the relationship between the intensity of earthquake Fragility Curve

excitation and the response of the structure and to estimate the seismic demand of the structure. Finally,
the fragility curves for mild, mild, extensive, and complete performance levels for three performance
criteria including drift ratio of structural members, drift ratio of non-structural members sensitive to
drift and acceleration of non-structural members sensitive to acceleration have been determined and
compared. The results indicate the effective performance of the brace-swing-damper system in improving
the seismic fragility of the studied structures, so that the fragility has decreased by 35%.

1- Introduction its performance in reducing the responses of two three- and

The swing brace system was first proposed by Kang
and Tagawa [1] as shown in the figure below. They used
the viscoelastic damper in the swing brace structure and
investigated the performance of this system in controlling the
vibration of a three-story steel bending frame. In this study,
different number of swing brace structure and viscoelastic
damper were considered. Also, the installation of only one
base system of the structure and the connection of cables
to the last floor, as well as the installation of three systems
installed between the floors, were investigated.

In further research, Kang and Tagawa [3] used liquid
viscous damper in the swing brace structure. In this study,
the effect of using this system in the form of installation at
the base of the structure and connecting its cables to the top
floor was investigated for three-story and six-story structures.
The results show the effective performance of the swing
brace structure with viscous liquid damper in improving the
vibration of the structure under earthquake excitation.

Nowrozi [4] used magnetorheological damper (MR) in a
swing brace structure in a master’s thesis and investigated
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five-story structures. In this research, the magnetorheological
damper was used in passive mode with zero voltage
and maximum voltage, which are called passive off and
passive on. The results of this research also show the
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Fig. 1. Schematic of brace-swing system [2]
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(b) (a)

Fig. 2. Schematic of the three-story shear frame with the
connection of brace-swing-damper system cables to a)
the first floor (case 1) and b) the last floor (case 2).

proper efficiency of the swing brace structure along with
the magnetorheological damper. It was also shown that the
efficiency of this system was the best with the maximum
voltage of the magnetorheological damper or in other words
passive on.

As mentioned before, all the previous researches related to
rocker brace with damper were only related to the evaluation
of these systems in reducing the response of the structure and
fragility analysis was not done for these structures. Therefore,
in this study, the fragility analysis of the structure equipped
with swing brace with liquid viscous damper is considered.

2- Methodology

In this part of the article, numerical studies and discussion
regarding the obtained results are presented. The brace-swing
system along with viscous liquid damper is installed at the
base of the structure to improve the seismic performance of the
structure. The connection of the swing brace to the structure
is considered in two ways, which includes connection to the
first floor and also connection to the last floor of the structure.
The number of 60 real earthquake records with the probability
of different occurrences recommended in seismic regulations
have been selected for fragility analysis.

To evaluate the performance of the swing-damper system
in improving the seismic fragility of the structure, a three-
story shear frame numerical model with nonlinear behavior is
considered. The investigated structures have been subjected
to dynamic time history analysis and the responses of the
structure under 60 earthquake records have been determined
and extracted for fragility analysis. In the following, the
parameters of the structure’s probabilistic requirements
are determined by linear regression analysis and used to
determine the fragility functions. The fragility curves of
the structure equipped with the swing brace system in two
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Fig. 3. Comparison of the time history acceleration re-

sponse of Kang and Tagawa’s single degree of freedom

model [23] with the numerical model in order to vali-
date the numerical results

installation modes on the first floor and the last floor have
been determined according to the numerical model of the
three-story structure and compared with the fragility curves
of the structure without energy consumption tools. Also,
in this study, assumptions are included, which include the
following:

It is assumed that the behavior of materials is nonlinear
with bilinear behavior

The floor of all floors of the building is assumed to be
solid.

The structure is assumed to have a fixed foundation and
the effect of the interaction between the soil and the structure
is neglected.

The deformations created in the cables of the swing brace
have been ignored.

It is worth mentioning that all the models have been
analyzed and studied using algorithm writing in MATLAB
software.

In order to ensure the results obtained from numerical
studies, the model of one degree of freedom is simplified in
the study of Kang and Tagawa [3] in MATLAB software using
modeling algorithm and time history acceleration response of
this model with the obtained results. It is compared to the
original model in Figure 3.

According to the above diagram, it can be seen that the
results of the numerical model made in MATLAB software
are in good agreement with the results of Kang and Tagawa’s
model. Therefore, the results obtained from numerical studies
can be trusted.

3- Results and Discussion

In this section, the fragility curves of the three-story
structure in the uncontrolled state are drawn under 60
earthquake records
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Fig. 4. The fragility curve of the uncontrolled structure
related to different performance levels and the perfor-
mance criterion of the drift ratio of structural members
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Fig. 5. The fragility curve of the uncontrolled structure

related to different performance levels and the per-

formance criterion of the drift ratio of non-structural
members

In Figures 4 and 5, the fragility curves of the uncontrolled
structure are shown, respectively, related to the functional
criterion of the drift ratio of structural members, and the drift
ratio of non-structural members sensitive to drift for mild,
mild, wide and full performance levels.

In this section, a number of fragility curves of the three-
story structure have been extracted in the case where the
brace-swing-liquid viscous damper system is used in the two
cases of connecting the cable to the first floor (case 1) and
connecting the cable to the last floor (case 2).

In Figures 6 to 9, the fragility curves of the uncontrolled
structure with the fragility curves of the structure equipped
with brace-swing-liquid viscous damper system in four
cases (1) connecting the cable to the first floor and the
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Fig. 6. The fragility curve of the uncontrolled structure

equipped with the brace-swing-damper system related

to the mild performance level and the performance cri-
terion of the drift ratio of the structural members.
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Fig. 7. The fragility curve of the uncontrolled structure

equipped with brace-swing-damper system related to

the full performance level and the performance crite-
rion of the drift ratio of the structural members.

damping coefficient of the damper equal to cd=500 kN.s/m,
(2) connecting the cable to the last floor and the damping
coefficient of the damper equal to c¢d=500 kN.s/m, (3)
connecting the cable to the first floor and the damping
coefficient of the damper equal to cd=1000 kN.s/m, (4)
connecting The cable is compared to the last floor and the
damping coefficient of the damper equal to cd=1000 kN.s/m.
Figures 6 to 7 present the fragility curves considering the
functional criterion of drift ratio of structural members
for mild, mild, extensive, and complete functional levels,
respectively. In Figures 7 to 8, the fragility curves related to
the functional measure of the drift ratio of drift-sensitive non-
structural members are compared for these four functional
levels. Finally, the fragility curves related to the functional
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Fig. 8. The fragility curve of the uncontrolled structure

equipped with brace-swing-damper system related to

the wide performance level and the performance crite-
rion of the drift ratio of non-structural members

criterion of acceleration of non-structural members sensitive
to acceleration are also shown in Figures 7 to 8.

4- Conclusion

In this part of the article, the summary and conclusions
of the numerical studies are presented. In this study, the
effect of using swing brace along with liquid viscous damper
in improving the seismic fragility of structures has been
investigated. The rocking brace is formed by adding liquid
viscous damper, and the set of this system has been installed
at the base of the structure and examined in two cases of
connecting the cables to the first floor and the last floor. For
numerical studies, a three-story shear structure with nonlinear
behavior is considered. The examined structures in an
uncontrolled state and equipped with a brace-swing-damper
system have been subjected to the vibration of 60 earthquake
records recommended in the seismic regulations with different
specifications and frequency content. The results of dynamic
analyzes are subjected to regression analysis to obtain the
relationship between the intensity of earthquake excitation
and the response of the structure and to estimate the seismic
demand of the structure. Finally, the fragility curves for
mild, mild, extensive, and complete performance levels for
three performance criteria including drift ratio of structural
members, drift ratio of non-structural members sensitive to
drift and acceleration of non-structural members sensitive to
acceleration have been determined and compared. The results
of numerical studies can be summarized as follows.

1. The use of swing brace system along with liquid
viscous damper is effectively effective in improving the
seismic fragility of the three-story structure.

2. By increasing the thresholds of functional levels and
actually by increasing the amount of seismic damage, the
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Fig. 9. The fragility curve of the uncontrolled structure

equipped with brace-swing-damper system related to

the full functional level and the performance criterion
of the acceleration of non-structural members

fragility of the structure decreases, which has also been
observed in the uncontrolled structure and the structure
equipped with the brace-swing-viscous damper system.

3. The comparison of the cable connection mode of the
brace-swing system shows that the cable connection to the
last floor (case 2) has shown a more effective performance
in reducing the seismic fragility of the structure than the
cable connection mode to the first floor in structure three.
However, the force created in the cables of the swing system
when connected to the last floor is significantly more than
when connected to the first floor. This phenomenon can be
due to the greater angle of connection to the last floor with
the horizon, which will be a limiting factor.

4. The comparison of the damping coefficient of the
damper also shows that the larger damping coefficient for
the liquid viscous damper has led to a greater reduction in
seismic fragility. Of course, it should be noted that two values
of the damping coefficient are considered as examples in the
studied models. In general, the design of the liquid viscous
damper should be done according to the seismic demand of
the damper itself, such as the change of position and speed
of the two ends of the damper and the resistive force created
in it. Also, the necessary considerations for the design of the
cables of the swing brace system should be made with regard
to creating a significant force in it.

5. The fragility curves of the functional criterion of the
drift ratio of structural members are always larger than the
fragility curves of the functional criterion of the drift ratio of
non-structural members sensitive to drift. This phenomenon
is due to the fact that both these fragility curves are based on
the same seismic demand, which is the drift ratio, and the
thresholds of the standard performance levels of the drift ratio
of structural members are always lower than the thresholds
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of the standard performance levels of the drift ratio of non-
structural members sensitive to drift.

6. In general, it can be said that in a three-story structure,
the use of a viscous liquid brace-swing-damper system has
been able to reduce the seismic fragility of the structure by
about 35% compared to the uncontrolled seismic fragility of
the structure.
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Fig. 4. Examples of friction damper, A) Cross inhibition damper, b) Single axis friction damper
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Fig. 5. Longitudinal section of viscous damper
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Fig. 6. Two examples of viscous dampers, A) Viscose damper wall system, b) liquid damper of cylindrical boiler
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Fig. 7. Schematic of brace-swing system
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Table 2. Frequency and periodicity of different modes of three-story shear frame
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Fig. 8. Bilinear stiffness model for nonlinear behavior of structure
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Fig. 9. The schematic of the three-story shear frame with the connection of brace-swing-damper system cables to a)
the first floor (case 1) and b) the last floor (case 2)
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2/50 Set of Records (2475 vears Return Period)

Designation Record Information Duration (sec.) Magnitude Mw R (k) Scale PGA (in/sec™2)
LA21 1995 Kobe 2098 o9 2.4 115 4953
LA22 1995 Kobe 2008 69 2.4 115 3554
LAZ3 1929 Loma Priets 2499 20 35 082 1614
ILAD24 1989 I oma Prieta 24 99 7.0 3.5 0.82 1826
LA2S 1994 Northnidee 1495 o7 I3 1.29 3353
LA26 1994 MNorthridse 1495 6.7 7.5 1.29) 364.3
LA2T 1994 Noghodee 29 08 o7 5.4 161 3578
LAJE 1994 Noghridoe S0 o8 57 5.4 161 213
LA2O 1974 Tahag 49 98 74 12 1 312 4
LA3ZD 1974 Tabhas 49 9F T4 12 1 Eﬂ 382 9
LA31 Elvsian Park (simulated) 29.99 7.1 17.5 1.43 500.5
LA3D Elvsian Park (simulated) 29 .99 7.1 17.5 1.43 4581
LA33 Elvsian Park (simulated) 29.99 7.1 107 0.97] 302.1
IA34 Elysian Park (simulated) 29 99 71 107 097 262 8
LA3S Elvsian Pagk (supulated) 2999 Ll 112 110 3231
LAZG Elvsian Pak (supulated) 2999 Ll 112 110 4240
LA3T Palos Verdes (sumulated) 2008 Ll 15 Q.00 2747
LAZS Palos Verdes (simulated) 2098 Ll Lo Q.90 2990 7
LA3Y Palos Verdes (simulated) 59.98 7.1 1.5 088 193.1
LA40 Palos Verdes (simulated) 5998 7.1 1.5 0.35' 2414

JUo B 3 7Y a1ady Jloin b ol o (153 0 Slginb 51 3 Olasenio Vo JSUS

Fig. 10. Proposed earthquake profile for Los Angeles with a probability of 2% in 50 years

10/50 Set of Records (475 vears Return Period)

Designation Record Information Durarion (sec.) Magnirude Mw R (kam) Scale PGA (in/sec™2)
LAO] Lpegal Vallewv 1940 3933 59 100 201 1780
LAQ2 Impenial Vallev, 1940 39.38 6.9 10.0 2.01 261.0
LAO3 Impenal Valley 1979 39.38 6.5 4.1 1.01 152.0
1.A04 Imperial Vallew 1979 39 38 65 41 101 188 4
LA0S LInpenal Vallew 1979 39 08 55 12 084 1164
1LAQS LIoperial Wallew 1979 39 08 855 1.2 0 24 2086
LAOT Lapders 1992 7998 13 260 220 1626
1.AOS Landers_ 1992 79.98 73 36.0 3.20 1644
LAQS Landers 1992 79.98 7.3 250 2.17] 200.7
LALOD Landers_1992 79 98 7.3 250 2.17] 139.1
I.A11 ILoma Prieta_1989 39 98 7.0 12 4 179 2569
ILAal> Loma Preta 1929 39 o8 70 124 179 3744
LAl3 MNoghridoe 1994 Newhal] 59 98 57 [wE 103 2818
1.A14 MNorthridoe 1994 Newhall 59 98 67 67 103 2537
LALS Northridoe. 1994 Rinaldi 14.95 6.7 7.5 079 206.0
LALG MNorthnidee, 1994 Rinaldi 14.95 6.7 7.5 0. 79 2239
LA1T Northnidee, 1994 Svylmar 59 98 6.7 6.4 099 2159.9
LALS MNorthridee 1994 Svlmar 59 938 6.7 5_<H 0.99 3155
LAl MNorth Palm Sprngs, 1986 59 98 6.0 6.7 297 3935
LAZ0 MNorth Palm Springs. 1986 59.98 6.0 6.7 2.97] 3809

JUo B 37V e 3ad ) Jlosint U udonsl ud (g1 2 805 Slepniog g 1305 Sl 1) S

Fig. 11. Proposed earthquake profile for Los Angeles with a 10% probability of occurrence in 50 years
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S50/50 Set of Records (72 vears Return Period)

Diesignation Record Information Duration {sec_) Magmitude Mw R (fan) Scale PGA (in/sec™2)
LA41 Covote Lake 1979 39.38 5.7 88 228 2277
LA42 Covote Lake 1979 39.38 5.7 8.8 2.28] 128.7
1A43 Imperial Valley, 1979 39.08 6.5 1.2 0.40 554
LA44 Imperial Valley, 1979 39.08 6.5 1.2 0.40 431
LA4S Kern, 1952 78,60 i 1070 2.92 S55.7
LA4G Kern, 1952 78,60 17 107.0 292 614
LAa4T Laoders 1992 1298 13 0540 263 1304
LA4R Landers 1992 2o 08 L3 o400 203 1188
1A40 Moroan Hill 1984 5998 52 150 235 1230
LASO Moroan Hill 1984 5998 52 150 235 2110
LAsS] Paikfield 1966 Cholame SW 4302 6.1 37 LE1 2014
LAS2 Paikfield 1966 Cholame SW 4302 6.1 37 LE1 243.8
LASS Paikfield 1966 Cholame 8W 2614 6.1 20 2.92 2677
LAas4 Paikfield 1966 Cholame 8W 2614 6.1 20 2.92 2051
LASS North Palm Springs. 1986 5998 6.0 9.6 275 1998
LASG North Palm Springs. 1986 5998 6.0 9.6 275 1463
LAST San Femando. 1971 7946 6.5 1.0 1.320 977
LASE San Femando 1971 J9.46 6.5 1.0 1.30 89.2
LASS Whittier. 1987 3998 6.0 17.0 3.62 296.7
LAGOD Whittier, 1987 39.98 6.0 17.0 3.62 184.7

Jlw B¢ 3780 3lud ) Join b aados] g (615 8w Slggnin (b A5 Cladruine IT JSS

Fig. 12. Proposed earthquake characteristics for Los Angeles with a 50% probability of occurrence in 50 years
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Fig. 13. Acceleration response spectrum of 60 earthquake records per period T1 = 0.83 s and damping ratio =2% §
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Fig. 14. Comparison of the time history acceleration response of Kang and Tagawa's single degree of freedom
model [23] with the numerical model in order to validate the numerical results.
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Fig. 15. Regression analysis for maximum drift ratio response of uncontrolled three-story structure under 60
earthquake records
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Fig. 16. Regression analysis for maximum acceleration response of uncontrolled three-story structure under 60
earthquake records
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Table 3. Maximum ratio of drift, acceleration and displacement, three-story structure in uncontrolled state
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Fig. 17. The fragility curve of the uncontrolled structure related to different performance levels and the perfor-
mance criterion of the drift ratio of structural members
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Fig. 18. The fragility curve of the uncontrolled structure related to different performance levels and the perfor-
mance measure of drift ratio of non-structural members
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Fig. 19. Regression analysis for the response of the maximum drift ratio of the three-story structure equipped with
brace-swing-damper system in case 1 and the damping coefficient of the damper cd=500 kN.s/m
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Table 4. The maximum responses of the structure and the damper system related to the three-story structure equipped
with brace-swing-damper system in case 1 and the damping coefficient of the damper equal to ¢cd=500 kN.s/me
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Table 5. The maximum responses of the structure and the damper system related to the three-story structure equipped
with brace-swing-damper system in case 2 and the damping coefficient of the damper equal to ¢cd=500 kN.s/m
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Table 6. The maximum responses of the structure and the damper system related to the three-story structure equipped
with brace-swing-damper system in case 1 and the damping coefficient of the damper equal to cd=1000 kN.s/m

Soys FSI0> Goymi fSTae ety PSlas o udd ST Sl Sll yS e Cawd GSTas A5 0,e8,

(kN) 5 (kN) 1o (M/s) 5l u0 (M) )51 y0 (M) o yuds (m/s?) () ey y0
Lfve Lyay .oy U...f EAR YavY BN \
Ly-A Lfva ..y ..o cN¥ Y. s ¥ Y
Usyy Uyyv- U-ha U..-f S X BRRFN Y
Usys Uvvs U-a ..o COF 0¥ BRAEN £
Uvys Usay U.yy U...y AR [t BRAR A o
LAvy LUave U..xs U...y <Y AR ceYY 14
Ly Usy U..-y ...y RE) - oY < \YA Y
Uy Lsa U...v ...y R - oY coYF A
Lyyy LvA U...g U...f EAR . fY AT q
sy Las ... ...y BN <04 RRREY ).
Lsvs Lyan U.as ..o cN¥ Y..q ©.199 N
Usyy Uysy (IERVY [TERYN < XY AAR B S \Y
Lo Lhaa ..y ..o <NF A% B B8 VY
Uys- Lhot U..-A ..o <OF < AF ..-1a9 \Vf
Lavy Lavy - .ya ..o <Y AN ceYe9 V0
Uy-aa Usvs U.x U...o AT YA¥ ceYeq £
Lyre Lvy U...s U...f Sy .5 ERRR7A VY
LIfA- Lyas U.as U...rs <A y.ag c YOO YA
Lo¥f- Lyya U-.as U-.-A .Yy X R AT 14
LsAA Us.v Uy [IERYN LYY Yoy ceYeA Y-
Lyvy Lhyy U..-v [IPAR BRAY% -0 <o YAD Y\
Lhyey LAt U..-f ...y PRE) <) ceYVY YY
Lafa Uyve [IBAY4 Uy AR f..¥ RN Yy
Ussy Lya- U-a U..-f <Y £.FA BRRFN \3i
Uyaay Las. U. sy U...q < YA AR coYFY Yo
Lyvye Uy.va Lo U...q A4 V2 coYF. \14
Uy-y Uyya U...s U...y AR <AA <+ YAF Yy
Lvay Lfsy U.yy [IERR PR L) (AR B AT YA
LIAf. Lfas U-yo U...vy AR AV < YVP Ya
Uyeyve Laaa U.y. Uea .Y¥ 50 ceYYY Y-
Uyysa Lsa. Uy .y BAYN Y00 < FAS ¥\
Lyyyy Uvas L. xA U...9q <Yy Y.AY ceYPY Y
Uy-v (IR aVN ..y U...s SNV ARl « o YYA Any
Ly-A (IR aVN ..y U...s IAY4 Y5, ©oYYA ¥
Uyss Loy ..y U-...q AN axy coYYA Yo
Lvoaa LIffA ..y U-..q AN YV <o YON Yy
LAy Ly U...s ..o ERT <M B Y2 Yy
Lyes LA U..-f U..s Y .00 CeYYE YA
s (IEW U..-» U..-f BN vy BRAVA Y4
Lva Uys U..-f ..o <Y <5y < VAY £
LAy LsaA U-xo ...y . XY AYY <o YAY £\
LsAy Uf-.s U.y. U...f <Y f..5 <\ 0F \a
Uysa Uvyy Uy Uy BRY Y.AA BRRYYN £y
Ueva Uvso L.y ...y cf YYA <Py \ai
Us- Lo U...vy Uy .Y AT .« FF f0
Uf- Uyy U..-y Uy .Y .Yy «ooFA \i2
Lysy LAf U...s ...y R <00 AR \a%
Lyya LAy U...s ...y Ry .5V eeeqy A
Uy-y [IRRVN U...s ...y e \Ray AR f4
LUyay LUysa U...A U...f SNy AN AT o
Lyye yay Uy U..s BATd (A3 coYYO o)
Lyar Lvyve U...s ..o cN¥ Vo0 ALY oy
Usyvs Uyss .oy ..o BTN Y..8 sy g
Lvea Uy.s Uy U..s BAY LYY e YYY of
Levy Uvay Uy U..-0 S Y.AA c VA 00
Usvs Lvoy Uy U...y RE) Y¥. ceNYY g
s Las U..-f ...y 4 vy <MY NG
Lyva Uys U..-f ...y R b RS OA
Lyya Lhat Uy U..s BRY )oY ) 04
Lyaa s U..-q U..-f RN VYA BRAL L) I
Oo-s Oyaa 0.0 0..0 0.0 Ov.ry O..v.v 0ot

avy



st o pd g casey Sl ;> 510 SV ;oo i 42 0250 Al duw 05l 43 g2 50 15100 i 9 85l Slagawly ST Y Joua
cd=1000 kN.s/me !y ,51m0

Table 7. The maximum responses of the structure and the damper system related to the three-story structure equipped
with brace-swing-damper system in case 2 and the damping coefficient of the damper equal to cd=1000 kN.s/m
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Fig. 19. Regression analysis for the maximum acceleration response of a three-story structure equipped with
brace-swing-damper system in case 1 and the damping coefficient of the damper cd=500 kN.s/m
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Fig. 21. Regression analysis for the response of the maximum drift ratio of the three-story structure equipped with
brace-swing-damper system in case 2 and the damping coefficient of the damper ¢d=500 kN.s/m
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Fig. 22. Regression analysis for the maximum acceleration response of a three-story structure equipped with
brace-swing-damper system in case 2 and the damping coefficient of the damper ¢d=500 kN.s/m
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Fig. 23. Regression analysis for the response of the maximum drift ratio of the three-story structure equipped with
brace-swing-damper system in case 1 and the damping coefficient of the damper ¢d=1000 kN.s/m
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Fig. 24. Regression analysis for the maximum acceleration response of a three-story structure equipped with
brace-swing-damper system in case 1 and the damping coefficient of the damper ¢d=1000 kN.s/m
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Fig. 25. Regression analysis for the response of the maximum drift ratio of the three-story structure equipped with
brace-swing-damper system in case 2 and the damping coefficient of the damper cd=1000 kN.s/m
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Fig. 26. Regression analysis for the maximum acceleration response of a three-story structure equipped with
brace-swing-damper system in case 2 and the damping coefficient of the damper ¢d=1000 kN.s/m
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Fig. 27. The fragility curve of an uncontrolled structure equipped with a brace-swing-damper system related to the
mild performance level and the performance criterion of the drift ratio of structural members
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Fig. 28. The fragility curve of an uncontrolled structure equipped with a brace-swing-damper system related to the
mild performance level and the performance criterion of the drift ratio of structural members

Bare structure

m— Scesaw-Casel, Cd=500 kN.s/m
sssnsnnn Seesaw-Case2, Cd=500 kN.s/m
08 Seesaw-Casel, Cd=1000 kN.s/m -1
sesnsnss Seesaw-Case2, Cd=1000 kN.s/m

0.6

Probability of being in or exceedance

0

Comnd (63 550 Jlro 5 gy (63 o zlans 4y bgspo 451 o SUSY -0 o s 9 3450 g Bl J piS 03l (SaiSl Joie YA JSUS
&l oslw glasl ey g

Fig. 29. The fragility curve of an uncontrolled structure equipped with a brace-swing-damper system related to a
wide performance level and the performance criterion of the drift ratio of structural members
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Fig. 30. The fragility curve of an uncontrolled structure equipped with a brace-swing-damper system related to the
full performance level and the performance criterion of the drift ratio of structural members
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Fig. 31. The fragility curve of an uncontrolled structure equipped with a brace-swing-damper system related to the
mild performance level and the performance criterion of the drift ratio of non-structural members
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Fig. 32. The fragility curve of an uncontrolled structure equipped with a brace-swing-damper system related to the
mild performance level and the performance criterion of the drift ratio of non-structural members
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Fig. 33. The fragility curve of an uncontrolled structure equipped with a brace-swing-damper system related to a
wide performance level and the performance criterion of the drift ratio of non-structural members
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Fig. 34. The fragility curve of an uncontrolled structure equipped with a brace-swing-damper system related to the
full functional level and the functional criterion of the drift ratio of non-structural members
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Fig. 35. The fragility curve of an uncontrolled structure equipped with a brace-seesaw-damper system related to
the mild performance level and the acceleration performance criterion of non-structural members

My



AN B AFR doxin VFY L A oyl DF 0553 S peal (pos soiges &y

T T T T

T T T T

Bare structure

e Seesaw-Case 1, Cd=500 kN.s/m

08 F sessssns Seesaw-Case2, Cd=500 kN.s/m | -
Seesaw-Casel, Cd=1000 kN.s/m
-------- Seesaw-Case2, Cd=1000 kN.s/m
0.6 + 1
— e - =

04

02}

Probability of being in or exceedance

P (53,500 Jlizn 9 23le (63,Sko s & Lz pn 1w SUSYI-i o i 43 450 5 005 58 05l SN o Y7 S
&l oslw s slas!

Fig. 36. The fragility curve of an uncontrolled structure equipped with a brace-seesaw-damper system related to
the mild performance level and the acceleration performance criterion of non-structural members
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Fig. 37. The fragility curve of an uncontrolled structure equipped with a brace-seesaw-damper system related to a
wide performance level and the acceleration performance criterion of non-structural members
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Fig. 38. The fragility curve of an uncontrolled structure equipped with a brace-seesaw-damper system related to a
wide performance level and the acceleration performance criterion of non-structural members
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