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2. Added Damping and Stiffness (ADAS) 
1.Chevron Brace 
2. Slit Dampers 
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Fig. 1. Effective component of the damper 
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Fig. 2. Finite element modelling verification  
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Fig. 3. Universal testing specimens and the diagram 
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Fig. 4. Loading protocol diagram 
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Fig. 5. Effective component meshing and selected elements 
configuration 
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Fig. 6. Two support plates distance sensitivity analyses 
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Fig. 7. First stage analyses hysteresis loops  
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Fig. 8. Second stage analyses hysteresis loops 
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10 15 8 75 4 

Tab. 3. Trapezoidal Plate angle situations for sensitivity analyses 
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Fig. 9. Yielding plate angle 
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Fig. 10. Yielding plate angle sensitivity hysteresis loops 
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Fig. 11. Gap distance sensitivity analyses results 
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Fig. 12. Yielding plate thickness analyses results  
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Fig. 13. Damper configuration and dimensions 
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Fig. 14. The new damper hysteresis response 

 

 :(2�5. & �	$����/	i��P����+ ����(� �/�7�/	' �b�^ �$ �� 

Cycles A β Keff ω λ 

1,2 154 0.182 1.4 0.16, 0.15 0.17, 0.17 

3,4 346 0.288 1.04 0.17, 0.16 0.24, 0.24 

5,6 780 0.206 1.26 0.37, 0.26 0.38, 0.38 

7,8 1663 0.173 1.71 0.7, 0.47 0.52, 0.52 

9,10 3800 0.228 1.45 0.89, 0.53 0.74, 0.74 

11,12 7162 0.278 1.23 1.0, 0.63 1.0, 1.0 

Tab. 5. Damper extracted cyclic parameters  
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Fig. 15. Frame configuration 
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 :(2�6.  8	HP��C	�+-+	��	$� �	F����+ M(*>, /���	�� �OP�/	, �	$ 

No. Rec. Seq. No. Name Year M R (km)  Vs (m/s) PGA (g)  PGV (m/s) S. F 

1 1116 Kobe 1995 6.9 28.5 256 0.24 38 9.7 

2 174 Imperial Valley 1979 6.5 13.5 196 0.38 42 5.64 

3 721 Superstition Hills 1987 6.5 18.5 192 0.36 46 5.3 

4 725 Superstition Hills 1987 6.5 11.7 208 0.45 36 3.97 

5 752 Loma Prieta 1989 6.9 35.5 289 0.53 35 4.14 

6 767 Loma Prieta 1989 6.9 12.8 350 0.56 45 3.5 

7 848 Landers 1992 7.3 20 271 0.42 42 6.1 

Tab. 6. Characteristics of seismic accelerograms used in the time history analysis 
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Fig. 16. The base shear (a) & roof acceleration comparative 
response diagrams 
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 :(2�7.  ���(�KL,(� 0�	& �' ����(���� �	$Q	' C	�+ " ��	& 6�' �� 

Base Shear (ton) Roof Acceleration (g) 

No. Diff 

(%) 

W. 

Damper 
Usual  

Diff 

(%) 

W. 

Damper  
Usual 

60% 146   366 68% 0.7 2.23 1 

24% 180   237 76% 0.41 1.79 2 

59% 105   258 80% 0.41 2.11 3 

38% 131   214 75% 0.53 2.17 4 

56% 115   262 87% 0.26 2.15 5 

26% 113   152 77% 0.27 1.24 6 

47% 141   266 85% 0.37 2.6 7 

Tab. 7. The base shear and roof acceleration comparative results 
table using the damper 
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) 8	=A? �AY� �	�� �((<,��	�����( 

E. Q 
Structure Usual W. Damper 

Story 1 2 3 1 2 3 

1 
Velocity 0.45 0.85 1.24 0.63 0.77 0.92 

Drift 3.69 6.02 6.50 7.34 7.3 8.7 

2 
Velocity 0.41 0.71 0.92 0.6 0.63 0.83 

Drift 1.33 2.16 2.50 5.72 4.29 3.80 

3 
Velocity 0.31 0.77 1.41 0.58 0.64 0.64 

Drift 1.40 3.09 3.67 3.66 3.65 3.67 
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4 
Velocity 0.3 0.77 1.32 0.48 0.72 1.01 

Drift 1.22 3.14 3.56 6.69 5.01 5.88 

5 
Velocity 0.43 0.81 1.14 0.38 0.5 0.37 

Drift 1.28 2.44 2.89 2.23 1.92 1.99 

6 
Velocity 0.32 0.46 0.5 0.30 0.35 0.34 

Drift 0.55 0.54 1.17 1.76 2.02 2.31 

7 
Velocity 0.48 0.9 1.29 0.68 0.67 0.69 

Drift 0.95 1.44 3.00 3.18 3.37 3.06 

Tab. 8. Story drift and velocity comparative results table using the 
damper   
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Abstract 
Convergent bracing system has long been considered by structural designers. However, the performance of 
this system during an earthquake has disadvantages such as high base shear, high roof acceleration and low 
energy absorption due to buckling of the braces. Thus, researchers have tried to improve the behavior of the 
structure by proposing the use of different dampers in the lateral bearing section like friction, yielding and 
viscos dampers and buckling restrained braces. Meanwhile, yielding dampers as low-cost dampers with easy 
manufacturing technology compared to visco-elastic and non-buckling dampers and flexible designing have 
always attracted the attention of researchers, However, the proposed designs have generally a one-level 
behavior and the yielding members cause instability of the frame in the case of the failure. In this research, a 
new type of steel yielding damper with two-level performance has been introduced using sensitivity 
analyses, in which the flexural yield of the parallel trapezoidal plates has been used for the energy absorption 
process. Also, to ensure the stability of the braced frame in severe earthquakes, a simple support system has 
been included in its design. The geometrical dimensions of the damper are designed so as it doesn’t have any 
confliction with the architectural limitations. The damper has two plates at the ends to make its installation 
as easy as possible. It also has a pyramidal core that can be adjusted for stiffness and functional levels based 
on the seismic requirements of the frame. To perform this research, while performing finite element 
modeling by the ABAQUS finite element software, a comparative nonlinear time history analyses on a three 
3 story frame has been done by coding the OpenSees. The frames were subjected to scaled accelerometers 
from FEMA P-695 and the story drifts, story velocity, base shear and roof acceleration parameters were 
compared. The results indicated the appropriate and stable cyclic behavior of the multi-level pyramidal 
damper, also showed that some geometrical parameters like the distance of two support plates and the 
thickness of the trapezoidal plate have more effects on cyclic performance and ductility of the device while 
the others has less. Also increasing the thickness of the trapezoidal plate causes the activation of the shearing 
yielding mood in it and movement limitations. Although the angle of the fuse plate decreases, a more 
uniform distribution of flow occurs on the surface of it, but the length of the end of the plate will be limited, 
which due to the limitations of the width of the fuse to avoid interfering with the architecture of the structure, 
its design will face problems. According to the results, the damping factor of the device has been obtained in 
range of 0.17 to 0.28 in cyclic behavior. The comparison of the results of the time history analyses showed 
that using the damper can cause a significant reduction on the base shear and roof acceleration seismic 
response of the frame, Although the story drift and velocity responses of the frame increases, but the story 
drift values remain in the permissible range of regulations. 

 
Keywords: Sensitivity Analyses, Yielding Damper, Multi-level Damper, Seismic Rehabilitation, Seismic 
Behavior, Earthquake 
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