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1. Introduction 

 
Seismic control systems have been used since the 1980s 

(Soong and Dargush 1997). Several researchers studied 
energy absorption systems to control seismic vibration in 
the last decades (Silwal et al. 2015). Dampers according to 
functional nature are categorized into three types of passive 
(Zahrai and Jalali 2014), semi-active (Symans and 
Constantinou 1999, Ying et al. 2009), and active control 
(Preumont 1999, Casciati et al. 2012, Mait et al. 2006), 
from which passive dampers are more typically 
implemented because they are easy to be fabricated and do 
not need external energy for dissipating earthquake energy 
(Ghamari et al. 2019). Yielding damper is a kind of passive 
control that absorbs seismic energy through inelastic 
deformations. The shear link beam is a kind of yielding 
damper that first was used to create an opening for 
architectural purposes (Roeder and Popov 1978), but its 
benefits were later confirmed for energy dissipation (Lian 
et al. 2015). The Vertical Shear Panel (VSP) implemented 
between chevron braces and the flange of floor beam was 
proposed by Seki et al. (1988) in a two-story frame, leading 
to appropriate cyclic behavior with stable and reliable 
hysteresis curves. Zahrai and Bruneau (1999) studied VSP 
in slab-on-girder bridges and showed that this damper could 
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increase ductility and energy dissipation in such bridges. 
The length of the link in VSP is a most important aspect in 
its ductile behavior and nonlinear response (Duan and Su 
2017). When link length is short, shear yielding will 
dominate in the inelastic response while for long link, 
moment yielding dominates in structural response (AISC 
2005, Zahrai and Moslehi Tabar 2006). To improve seismic 
behavior of VSPs, researchers used different materials for 
VSP (Rai et al. 2013, Lian and Su 2018). Li et al. (2020) 
and Lian and Su (2017a) studied on frames with VSP which 
were made of high-strength steel showing a similar bearing 
capacity to ordinary steel while reducing the construction 
cost. To maintain a shear or moment yielding and to 
improve seismic  behavior of vertical panels, researchers 
used panel with different shapes. For example, Lee et al. 
(2015)  introduced a non-uniform steel strip damper and 
showed stress concentration reduction in panel leading to a 
ductile failure in structure. Efficacy of VSP length and 
thickness was studied by Zahrai and Moslehi Tabar (2006) 
who found that link section depth, web thickness and panel 
length have a direct impact on dynamic characteristics such 
that increasing web thickness, web depth and using short 
panel improved seismic energy dissipation. To predict the 
VSP hysteretic response, some researchers suggested 
mathematical  models (Zahrai and Moslehi Tabar 2013, 
Hossain and Ashraf 2012, Hossain et al. 2011). Shear panel 
with web stiffener was also studied by Nakashima et al. 
(1994) showing stable hysteresis curves and more energy 
dissipation increasing by 50% using stiffeners. Zahrai 
(2015) assessed the influence of stiffener on VSP. He tested 
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5 specimens with different beam, column, brace, and VSP 
sections and used stiffeners in some specimens and 
achieved that using stiffener increases structural ductility 
and damping ratio up to 26.7-30.6%. The vertical panels 
have been useful in both steel and concrete structures. To 
control residual drift and to improve the lateral load-
resisting capacity in concrete frames, Oinam and Sahoo 
(2018a, b) used VSPs.  Lian and Su (2017b, c) conducted a 
shake table test on three-story frame equipped with VSP 
and showed that VSP act as a fuse experiencing damages 
while other members remain elastic, in general leading to 
reliable hysteretic behavior and seismic performance. Lian 
et al. (2017) showed that SAP2000 provided a very accurate 
prediction of the structure with VSP under seismic loading. 

In recent years, many researchers have proposed new 
systems in which different dampers are combined to 
improve seismic behavior in terms of deformation, ductility 
and energy dissipation capacity (Buravalla and 
Bhattacharya 2007, Makihara 2012, Sahoo et al. 2015, and 
Wei et al. 2019). Zahrai and Vosooq (2013) suggested 
chevron knee bracing and shear panel in series connection. 
They showed that the proposed system has two fuses in 
hysteresis curve leading to increase ductility capacity in the 
structure. Cheragi and Zahrai (2017) suggested a two-level 
pipe damper used in a diagonal brace. In a moderate seismic 
event, outer pipe starts to absorb energy while in strong 
earthquakes, deformations in the outer pipe stop and inner 
pipe begins to dissipate energy. Their systems had suitable 
energy dissipation, ductility and stable hysteresis. A 
combination of two fiction damper and non-uniform strip 
damper was proposed by Lee et al. (2016) finding that this 
system had stable hysteresis response with more plastic 
deformation and energy dissipation capacity. In another 
study, Hosseini Hashemi and Moaddab (2017) investigated 
nonlinear behavior of the hybrid system of steel-plate 
yielding and friction damper with high ductility enabling 
the system to properly absorb energy in moderate and 
strong earthquakes. Rousta and Zahrai (2017) investigated 
experimental and numerical behavior of a new system as a 
combination of a chevron knee brace and a VSP acting in a 
two-level control system. Their research showed earlier 
absorbing energy with increasing strength and energy 
dissipation capacity. Cheragi and Zahrai (2017) studied a 
two-level pipe damper used in 5, 10 and 15-story steel 
buildings and showed reduction of roof displacement and 

 
 

acceleration compared to the frame without damper. Ranaei 
and Aghakouchak (2018) investigated hybrid damper 
consisting of viscoelastic and flexural yielding strip 
dampers and found that the system is useful for strong and 
moderate earthquakes while viscoelastic and flexural 
yielding strip dampers compensate some shortcomings. 

In this paper, a Double –Vertical Shear Panel (D-VSP) is 
proposed as a kind of two-level control system. It is located 
between the apex of chevron bracing and flange of the floor 
beam. This system consists of two VSPs in series benefiting 
from two control fuses corresponding to two levels of 
seismic events. Upper part (U-VSP) is weaker than lower 
part (B-VSP) hence plastic deformation in U-VSP begins 
earlier. Stopper bolts can change energy absorbing panels at 
a specific displacement. So this system can dissipate 
seismic energy in two levels without decreasing strength 
and stiffness while delaying the yield in the 2nd fuse 
(stronger shear panel) and can control and decrease base 
shear, maximum displacement and permanent lateral 
displacement under different earthquakes. To investigate 
cyclic and seismic behavior, firstly, previous experimental 
results are used to validate the finite element analysis 
developed by ABAQUS software. Then to obtain 
performance of D-VSP, pushover analysis is conducted on 
three models and finally cyclic behavior and seismic 
response under earthquake excitation are obtained. 

 
 

2. Proposed system definition 
 
2.1 Double –VSP 
 
The D-VSP consists of two vertical link beams in series 

such that one link beam is above the other. The lower shear 
panel is stronger such that the upper member is yielding 
earlier than the lower part. Vertical panels are connected 
together using a UNP segment on which there are 4 
openings and bolts. Bolts can have certain limited 
displacement inside holes to control displacement of U-
VSP. When the bolts are at one end stuck by UNP section, 
sliding  plates sustain the lateral load preventing the top 
shear panel to experience further deformations so B-VSP as 
the 2nd fuse can enter plastic deformation range and related 
energy absorption (Fig. 1). Therefore, this system can 
dissipate energy in two levels. The other benefit of this 

 
 

 

(a) (b) 

Fig. 1 Details of D-VSP damper
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Fig. 3 Tensile stress–strain response of steel
 
 

system is that the D-VSP has simple structure and can be 
easily implemented above the chevron bracing. 

Performance of D-VSP damper with increasing lateral 
load is shown in Fig. 2.  Firstly, displacement of panels is in 
elastic range then in second and third stages web of U-VSP 
and B-VSP panels yield respectively. In the fourth stage, 
flexural plastic hinges are created in bottom panel and at the 
end, the web at B-VSP reaches maximum plastic 
deformation and shear buckling such that it loses stiffness 
when one can assume lateral load is resisted by tension field 
action (Zahrai and Tabar 2013). 

 
2.2 Mater al property 
 
All steel members used in this research have yielding 

stress of 320 MPa and ultimate stress of 482.2 MPa with 
Stress-Strain curve as shown in Fig. 3. The Young’s 
modulus and the Poisson’s ratio are 21000 MPa and 0.3 
respectively. All members are assumed to show isotropic 
behavior where kinematic hardening model was adopted to 
simulate the shear panels in all cases. 

 
2.3 Lateral loading 
 
The quasi-static load that is used in this paper was 

developed based on the ATC-24 (Krawinkler 1992). In this 
Guideline, three times displacement cycles at 0.125, 0.25, 
0.5, 1, 2, and 3 times of yield displacement (∆௬) and then 2 
cycles until maximum displacement are applied to 

 
 

the system. The cyclic loading is shown in Fig. 4. 
 
 

3. Design basis and validation 
 
3.1 Design of stopper bolts and connection plates 
 
The VSP must have shear inelastic deformation 

according to AISC 341 (2010) and the length of shear panel 
shall be 

 𝑒 ൑ 1.6 𝑀௉𝑉௉ . 𝑀௉ = 𝑍𝐹௬ .     𝑉௉ = 0.6 𝐹௬𝑑𝑡௪ (1)

 
Where e, Z, d, and 𝑡௪ are the length, plastic modulus, 

section depth and the web thickness of VSP, respectively. 
The proposed VSP model consists of two panels in series 
and to have shear yielding dominance in inelastic response, 
Eq. (1) is expanded as follows 

 𝑒௕ ൑ 1.6 𝑀௉௕𝑉௉௕ , 𝑀௉௕ = 𝑍௕𝐹௬, 𝑉௉௕ = 0.6 𝐹௬𝑑௕𝑡௪௕ (2)

 𝑒௧ + 𝑒௕ ൑ 1.6 𝑀௉௧𝑉௉௧ , 𝑀௉௧ = 𝑍௧𝐹௬, 𝑉௉௧ = 0.6 𝐹௬𝑑௧𝑡௪௧ (3)

 
In the above equations t and b subscripts show details 

for top and bottom panels respectively. Based on the above 
 
 

Fig. 4 Applied lateral displacement protocol according to 
ATC-24 (1992)

Fig. 2 Lateral performance of D-VSP under increasing lateral load 
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equations, IPE140 and IPE100 are chosen for lower and 
upper panels, respectively. Therefore, the total length of 
panels is 20 cm from which the length of U-VSP and B-
VSP are 5 cm and 15 cm, respectively. 

 
3.2 Stopper design 
 
Stopper bolts, sliding plates, and UNP segment are 

important parts to absorb energy in two-level scenario so it 
is necessary that they be designed to prevent U-VSP from 
large plastic deformation and thus to activate B-VSP as the 
2nd damper. The sliding plates are welded to the top plate 
and are connected by bolts to the UNP segment. The 
connection surface between sliding plates, bolts, and the 
UNP segment are assumed frictionless with hard contact 
(Fig. 1 ). Also, the pre-loads in bolts are assumed zero which 
act only as stoppers without interfering in the performance 
of the D-VSP first fuse. 

Maximum load applied to the bolts and sliding plates is 
the difference between load-carrying capacities of two 
panels. Therefore, four bolts of class 8.8 with a diameter of 
24 mm are used. Sliding plates and the UNP section are 
designed according to block shear as presented in Fig. 5. 

The sliding length for the bolts (Fig. 1) is chosen based 
on maximum plastic deformation for U-VSP that can be 
used for the total energy dissipation capacity of the U-VSP 
without any rupture in the B-VSP. Maximum plastic 
deformation (∆௨) in U-VSP based on Zahrai and Tabar 
(2013) is 

 ∆௨= √32 ൭1 + 112 ൬1 − 2𝜐1 − 𝜐 ൰ଶ ቆ𝑑௧ଶ𝑡௪௧𝑒௧𝐼௧ ቇଶ൱ି଴.ହ 𝜀௨𝑒௧ (4)

 
Where 𝜐 is the Poisson’s ratio, 𝐼௧ is the moment of 
 
 

 
 

inertia of the U-VSP section and 𝜀௨ is the steel ultimate 
strain under uniaxial tension. 

The sliding length must be smaller than maximum 
plastic deformation so the sliding length is chosen 3.4cm 
that due to the bolt diameter, U-VSP experiences relative 
deformation of 1 cm. 

 
3.3 Design of frame main members 
 
All others members such as columns and beam must 

remain in elastic range during lateral cyclic loading. Brace 
is designed for maximum pressure without buckling so 
section area for braces (𝐴௕௥) is 

 𝐴௕௥ ≥ 𝐹௨𝑑௕𝑡௪௕2𝐹௖௥ ∗ sin (𝜃) (5)
 
Where 𝐹௨, 𝐹௖௥ and 𝜃 are ultimate stress, brace critical 

buckling stress and angle between brace and column, 
respectively. 

Therefore, IPB120, IPB140, and 2UNP80 sections are 
chosen for columns, beam and braces. Gap between 
2UNP80 is 1 cm while batten plates of 10*3*1 cm are used 
in between at spacing of 54 cm. 

 
3.4 Numerical model validation 
 
In this paper, to validate numerical models, a previous 

experimental work on I-shaped VSP with web stiffener in 
chevron braced frame studied by Zahrai (2015) is used. The 
finite element analysis by ABAQUS 6.14 (2014) software is 
used to get numerical results for SPS2 specimen as shown 
in Figs. 6(a) and (b). The lateral loading is applied to the 
frame according to ATC-24 that is shown in Fig. 4. Section 
details and the length for frame members are given in 

 
 

 
 

 

(a) Sliding plate (b) UNP200 flange 

Fig. 5 Details of the sliding plates and UNP200 flange

(a) (b) 

Fig. 6 (a) Experimental specimen (Zahrai 2015); and (b) numerical model 

470



 
Seismic behavior of a two-level control system with double vertical shear links in series 

Fig. 7 Hysteresis curves of Experimental and numerical 
model for SPS2 

 
 

Table 1. The experimental and numerical results are shown 
in Fig. 7 where a comparison between their hysteresis 
curves confirms the correctness of modeling the main 
frame, dimension and member properties, connections, 
lateral load, boundary conditions and model meshing. The 
little difference between experimental and numerical results 
can be due to ignoring details of welded and bolted 
connections. 

 
 

4. Numerical modeling and analysis 
 
The effect of the proposed damper on the structural 

ductility is studied by ductility ratio, μ, whose value is 
defined by 

 𝜇 = ∆௠௔௫∆௬  (6)
 
Where, ∆௠௔௫ and ∆௬ respectively are maximum lateral 

displacement, and yield displacement. So, ductility ratio for 
the S1 model is 10 and for the S2 case is 7.73, which means 
it increases by 29.4% in the new proposed system. 

 
4.2 Quasi-static cyclic loading result 
 
The hysteresis behavior under cyclic loading according 

to ATC-24 protocol (Fig. 4) for D-VSP is shown in Fig. 11 
showing symmetrical hysteresis behavior without strength 

 
 

 
 

 

Fig. 8 D-VSP model in Abaqus 
 
 

Fig. 9 Pushover curves for S1(orange), S2(blue) and 
S3(green)

 
 

and stiffness degradation. According to Fig. 11(a), the 
weaker shear panel (U-VSP) first experiences the plastic 
behavior, which is responsible for seismic energy 
dissipation in moderate earthquakes, while the stronger 
panel (B-VSP) remains intact to resist severe earthquakes. 
In a stronger earthquake, stopper bolts are locked by UNP 
and the shear force is transferred by bolts to the bottom 
panel (B-VSP) while bolts prevent increase of displacement 
in the U-VSP, which results in shear force increase in B-
VSP and onset of energy dissipation in this panel, which is 
observed as a force jump in hysteresis curve of S1 (Fig. 
11(a)). 

 
 

 
 

Table 1 Details of test specimen for validation purposes 
 Column Beam Brace Vertical shear panel Panel and web Stiffeners 

Section IPB120 IPE140 2UNP80 IPE140 Plate with 10 mm thickness
Length 300 cm 420 cm 345 cm 20 cm  

 

Table 2 Properties of three models considered in this study 
Sample  Column Beam Brace U-VSP B-VSP 

S1 
(D-VSP14+10) 

Section IPB120 IPE140 2UNP80 IPE10 IPE140 
Member length 300 cm 420 cm 345 cm 5 cm 15 cm 

S2 
(VSP14) 

Section IPB120 IPE140 2UNP80 - IPE140 
Member length 300 cm 420 cm 345 cm - 20 cm 

S3 
(VSP10) 

Section IPB120 IPE140 2UNP80 - IPE10 
Member length 300 cm 420 cm 345 cm - 20 cm 
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Fig. 10 Details of VLB stress distribution (a) First fuse; 
(b) Second fuse with and without UNP segment

 
 
According to the curves (Fig. 11), this system can 

dissipate earthquake energy in two levels which is stable in 
all cycles. The maximum load-carrying capacity for the S1 
model is 267 kN while those values for the S2 and S3 
models are 233 kN and 162 kN showing an increase by 

 
 

 
 

14.6% and 64.8%, respectively. The energy dissipations of 
those three models are shown in Fig. 12. The energy graph 
shows improved behavior for S1 compared to S3 increasing 
36.6% but a 9.5% decrement of energy dissipation at S1 
compared to S2 which was predictable because S1 has a 
weaker member. The equivalent viscous damping ratio 
regarding the hysteresis curve is calculated according to Eq. 
(7). 𝜉௘௤ = 𝐴௛2𝜋𝑉௠∆௠ (7)

 
Where 𝐴௛, 𝑉௠  and ∆௠  are area of under each 

hysteresis cycles, the average of maximum forces and the 
average of maximum displacement in a complete cycle of 
the cyclic curve, respectively. All hysteresis cycle damping 
ratios are calculated and shown in Fig. 12. The proposed D-
VSP in low displacement has higher damping ratio than the 
S2 and similar to the S3 but after activating the second fuse, 
damping ratio in S1 is decreased due to stair-step hysteresis 
curves in which the average of maximum forces increases 
creating slightly less damping ratio. 

 
4.3 Seismic analysis 
 
4.3.1 Far-field earthquakes 
In this section, seismic performance of the S1, S2 and 

S3 models are presented. For this purpose, the accelerations 
of the Bam, Imperial Valley, and Tabas earthquakes are 
chosen such that their PGAs (Peak Ground Accelerations) 

 
 

 
 

(a) (b) 

Fig. 11 Hysteresis curve of the chevron braced frames with shear panel models: (a) S1; (b) S2, S3

(a) (b) 

Fig. 12 (a) Cumulative dissipated energy; (b) Damping ratios of models 
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(a) (b) (c) 

Fig. 13 Far-field earthquakes scaled to gravity acceleration: (a) Bam (b) Imperial Valley (c) Tabas

(a) (b) 

Fig. 14 Displacement responses under the Bam earthquake: (a) S1-S2; (b) S1-S3 

(a) (b) 

Fig. 15 Displacement responses under the Imperial Valley earthquake: (a) S1-S2; (b) S1-S3 

  
(a) (b) 

Fig. 16 Displacement responses under the Tabas earthquake: (a) S1-S2; (b) S1-S3 
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Table 3 Seismic response for the S1 and S2 models under 
far-field earthquakes 

Earthquake Model 
Maximum 

displacement 
(mm) 

Maximum 
base shear 

(kN) 

Bam 

S1 8.56 126.25 

S2 7.36 157.08 

S3 9.41 98.02 

Imperial 
Valley 

S1 13.46 153.27 

S2 14.93 190.01 

S3 19.79 119.06 

Tabas 

S1 21.81 222.57 

S2 28.77 211.14 

S3 44.75 151.63 
 

 
 

are scaled to 1 g. Scaled acceleration records are shown in 
Fig. 13. For dynamic analysis, a 20ton-mass is assumed at 
the beam to which earthquake accelerations are applied. 
Responses of seismic analysis are summarized in Table 3 
and displacement results are shown in Figs. 14-16. For 
example, according to the Imperial Valley seismic response, 
maximum displacement in the S2 model is 14.93 mm while 
using the proposed D-VSP, the maximum displacement 
decreased 9.85% reaching 13.46 mm such that maximum 
base shear decreased 19.33%. 

 
 

 
 

According to Table 3, the proposed two-level damper 
can control the seismic vibrations such that all other 
members like columns, beam and braces remain elastic. 
Compared to S2 and on average, maximum displacement 
and maximum base shear using the proposed system 
decreased 5.91%, and 11.18%, respectively. According to 
Table 3, under moderate earthquakes like the Bam 
earthquake using a weaker panel and thus a lower force, the 
S1 model can control seismic behavior so it leads to 
decreasing structural damages under moderate events. Also 
using the participation of the B-VSP, the proposed system 
can control seismic vibrations better than S3 under strong 
earthquakes. On average, maximum displacement decreased 
30.8% in the S1 model compared to that in the S3 model. 

According to hysteresis curves under the Bam 
earthquake (Fig. 17(a)), at S1 model only U-VSP yields and 
B-VSP (main panel) remains elastic reducing base shear in 
structure. As observed in Fig. 17(b) for hysteresis curve 
under the Imperial Valley earthquake, bolts are to engage 
with the plates inducing a bit more shear force but there is 
still no yield in the B-VSP. On the other hand, under the 
Tabas earthquake (Fig. 17(c)) both panels absorb seismic 
energy while under those three earthquakes in the S2, the 
main panel is in charge of energy dissipation. Therefore, 
although the weaker panel is used in D-VSP, performance 
under moderate earthquakes is somewhat better than the 
case with only one VSP, at the same time saving the second 
fuse for the strong shock. 

According to hysteresis curves for the S1 under the far-
field earthquakes (Fig. 17), the proposed system has 
symmetric behavior in terms of displacement because S1 

 
 

 
 

 

 
(a) (b) (c) 

Fig. 17 Hysteresis curves for earthquake responses: (a) Bam; (b) Imperial Valley; (c) Tabas 

 
(a) (b) (c) 

Fig. 18 Near-field earthquake acceleration records: (a) Kobe; (b) Northridge; (c) Imperial Valley 
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yields sooner than S2 and uses all weaker panel potential 
capacity, and then the main panel absorbs seismic energy if 
needed. Due to symmetric displacements at cyclic loading 
for the S1 and less participation of stronger panel in energy 
dissipation, maximum base shear decreases under moderate 
earthquakes. 

 
4.3.2 Near-field earthquakes 
To study seismic performance of the proposed system 

under stronger earthquakes, near-field records of the Kobe, 
Northridge, and Imperial Valley earthquakes which are 
scaled up as shown in Fig. 18 are used. According to PGA 
for near-field earthquakes, these earthquakes are stronger 
than far-field earthquakes. Responses from seismic analysis 
are summarized in Table 4 and are shown in Figs. 19-21. All 
near-field earthquake results for S3 show that VSP ruptures 
and cannot resist lateral loading. According to the results, 

 
 

 
 

 
 

Table 4 Seismic response for the S1 and S2 models under 
near-field earthquakes 

Earthquake Case
Maximum 

displacement 
(mm) 

Permanent 
displacement 

(mm) 

Maximum 
base shear

(kN) 

Kobe 
S1 33.74 13.93 302.93 
S2 34.98 16.54 301.39 

Northridge
S1 34.81 7.12 294.28 
S2 37.24 9.59 322.07 

Imperial 
Valley 

S1 29.28 14.73 314.08 
S2 32.23 11.94 350.06 

 
 

on average, maximum displacement, permanent displace-
ment and maximum base shear using the proposed system 

(a) (b) 

Fig. 19 Responses of the S1 and S2 models under the Kobe near-field earthquake: (a) displacement; (b) base shear

(a) (b) 

Fig. 20 Responses of the S1 and S2 models under the Northridge near-field earthquake: (a) displacement; (b) base shear

(a) (b) 

Fig. 21 Responses of the S1 and S2 models under the Imperial Valley near-field earthquake: (a) displacement; (b) base shear
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Fig. 22 The Alaska earthquake foreshock and main shock 
record 

 
 

Fig. 23 Displacement response of the S1 and S2 under the 
Alaska foreshock and main shock 

 
 
decreased 6.41%, 6.06% and 6.13%, respectively. The two-
level damper can control the structures against strong 
earthquakes somewhat better than just yielding one VSP 
alone. So, the proposed system not only causes disorder the 
performance of the structure in stronger earthquakes it also 
can decrease structural response. 

 
4.3.3 Earthquakes with foreshock 
To study performance of the proposed system under an 

alternate earthquake with foreshock and aftershock, the 
Alaska earthquake is applied to S1 and S2. Scaled up record 
for this earthquake is shown in Fig. 22. Displacement 
history for S1 and S2 models under the Alaska earthquake is 
shown in Fig. 23. Maximum displacement at foreshock for 
S1 is 7.04 mm so only U-VSP yields while B-VSP remains 
elastic. On the contrary, maximum displacement at S2 is 
6.47 mm and the VSP experiences plastic behavior. Under 
main records, maximum displacement decreases 8.8% and 
permanent displacement decreases from 1.75 mm to 0.015 
mm. So, the proposed system by saving B-VSP in foreshock 
has better performance in the main earthquake. 

 
 

5. Conclusions 
 
In this paper, a two-level control system called D-VSP, 

consisting of two VSPs in series, was proposed and its 
seismic performance was investigated. With simple 
structure, this system can be easily implemented above the 
chevron bracing system. The hysteresis curve represents a 
symmetric two-level behavior with variable strength and 
stiffness that can dissipate energy in different earthquake 

levels. Numerical response to cyclic and seismic loading 
under two sets of three earthquakes were obtained. Results 
of this research are summarized as following: 

 
● Ductility ratio for the S1 and S2 models respectively, 

were obtained 10 and 7.73 showing more ductility in 
the proposed two-level control system where energy 
dissipation in D-VSP starts sooner than S2 without 
decreasing strength and stiffness. 

● In the far-field earthquake, the hysteresis curve for 
D-VSP was symmetrical so by using all energy 
absorbing capacity at D-VSP compared to S2, 
maximum displacement and base shear was 
decreased controlling all earthquakes better than S3 
so that on average, maximum displacement 
decreased 30.8%. The proposed system experienced 
less yielding in stronger panel under near-field 
earthquakes, compared to S2 and in average 
reducing maximum displacement, permanent 
displacement and base shear 6.4%, 6.1% and 6.1%, 
respectively  while S3 ruptured under near-field 
earthquakes. 

● Under moderate earthquake and foreshock, only 
weaker panel absorbed energy while stronger panel 
remained elastic better prepared against probable 
aftershocks. 
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