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Investigation of Seismic Performance of  
High-rise Reinforced Concrete Frames Using 
TADAS Metallic Yielding Dampers 
 
Past seismic experience shows that many existing mid to high-rise 
reinforced concrete (RC) moment frame structures require seismic 
evaluation and possibly retrofitting. In this study, TADAS metallic 
yielding dampers were used for seismic retrofitting of reinforced 
concrete moment frames. For this purpose, three high-rise 
reinforced concrete frames of 12, 15 and 20 stories were designed 
using the old version of the Iranian seismic code and concrete 
regulations. Control of structures showed the need for seismic 
improvement in these structural models. Therefore, to satisfy the 
basic and enhanced performance objectives, metallic dampers 
were added to the structures and were designed using 
performance-based plastic design method. Validation was 
performed by selecting a valid experimental model and simulating 
the experiment with an accurate behavioral model of the TADAS 
damper in OpenSees software. Then, by performing nonlinear 
dynamic and static analyzes, the seismic behavior of the 
retrofitted structures was evaluated at two performance levels of 
life safety (LS) and collapse prevention (CP). The results show 
that TADAS metallic yielding dampers can increase the strength 
and lateral stiffness of RC frames by 30 to 60% with the least 
number of bracing bays. Also, in addition to uniformizing the 
distribution of maximum inter-story drift over the height, it 
reduces drift by more than 60%. Moreover, due to the 
improvement of structures, the ratio of plastic rotation angle 
(θ/θy) in the critical beam and column of the frames for different 
earthquake hazard levels is reduced by about 70%. 
 
Keywords: Reinforced Concrete Frame, Nonlinear Analysis, 
Performance Levels, Seismic Retrofitting, Metallic Yielding Damper.  
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(B400×500)mm  (C550×550)mm+(24ϕ20mm) (C500×500)mm+(20ϕ20mm) 6 

(B400×500)mm  (C500×500)mm+(20ϕ20mm) (C500×500)mm+(20ϕ20mm) 7 

(B400×500)mm  (C500×500)mm+(16ϕ20mm) (C450×450)mm+(12ϕ20mm) 8  � 9 

(B400×500)mm  (C450×450)mm+(12ϕ20mm) (C450×450)mm+(12ϕ20mm) 10 

(B400×500)mm  (C400×400)mm+(8ϕ20mm) (C400×400)mm+(8ϕ20mm) 11  � 12 

 �/�� b�c15 @FOD  

(B400×650)mm  (C650×650)mm+(24ϕ25mm)  (C650×650)mm+(24ϕ25mm)  1  

(B400×650)mm  (C650×650)mm+(24ϕ25mm)   (C600×600)mm+(28ϕ22mm)  2  

(B400×650)mm  (C600×600)mm+(28ϕ22mm)  (C600×600)mm+(28ϕ22mm)  3  

(B400×650)mm  (C600×600)mm+(28ϕ22mm)  (C550×550)mm+(24ϕ20mm)  4  � 5  

(B400×600)mm  (C600×600)mm+(28ϕ22mm)  (C550×550)mm+(24ϕ20mm)  6  

(B400×600)mm  (C550×550)mm+(24ϕ22mm)  (C550×550)mm+(24ϕ20mm)  7  

(B400×600)mm  (C550×550)mm+(24ϕ20mm)  (C500×500)mm+(16ϕ20mm)  8  � 9  

(B400×600)mm  (C500×500)mm+(20ϕ20mm)  (C500×500)mm+(16ϕ20mm)  10  

(B400×500)mm  (C500×500)mm+(20ϕ20mm)  (C500×500)mm+(16ϕ20mm)  11  

(B400×500)mm  (C500×500)mm+(16ϕ20mm)  (C450×450)mm+(12ϕ20mm)  12  

(B400×500)mm  (C450×450)mm+(12ϕ20mm)  (C450×450)mm+(12ϕ20mm)  13  � 14  

(B400×500)mm  (C400×400)mm+(8ϕ20mm)  (C400×400)mm+(8ϕ20mm)  15  
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 ��.B1- @0�-� 

 <���  
�H�� ��  

@FOD  
���<0  ���<0  

 �/�� b�c20 @FOD  

(B400×700)mm  (C700×700)mm+(24ϕ28mm)  (C700×700)mm+(24ϕ28mm)  1  � 2  

(B400×700)mm  (C700×700)mm+(24ϕ28mm)  (C650×650)mm+(24ϕ25mm)  3  

(B400×700)mm  (C650×650)mm+(24ϕ25mm)  (C650×650)mm+(24ϕ25mm)  4  

(B400×700)mm  (C650×650)mm+(24ϕ25mm)  (C600×600)mm+(28ϕ22mm)  5  

(B400×650)mm  (C650×650)mm+(24ϕ25mm)  (C600×600)mm+(28ϕ22mm)  6  � 7  

(B400×650)mm  (C600×600)mm+(28ϕ22mm)  (C550×550)mm+(24ϕ22mm)  8  � 9  

(B400×650)mm  (C600×600)mm+(28ϕ22mm)  (C550×550)mm+(24ϕ20mm)  10  

(B400×600)mm  (C600×600)mm+(28ϕ22mm)  (C500×500)mm+(16ϕ20mm)  11  

(B400×600)mm  (C550×550)mm+(24ϕ22mm)  (C500×500)mm+(20ϕ20mm)  12  

(B400×600)mm  (C550×550)mm+(24ϕ20mm)  (C500×500)mm+(20ϕ20mm)  13  

(B400×600)mm  (C550×550)mm+(24ϕ20mm)  (C500×500)mm+(16ϕ20mm)  14  

(B400×600)mm  (C500×500)mm+(20ϕ20mm)  (C450×450)mm+(12ϕ20mm)  15  

(B400×500)mm  (C500×500)mm+(20ϕ20mm)  (C450×450)mm+(12ϕ20mm)  16  

(B400×500)mm  (C500×500)mm+(16ϕ20mm)  (C400×400)mm+(8ϕ20mm)  17  

(B400×500)mm  (C450×450)mm+(12ϕ20mm)  (C400×400)mm+(8ϕ20mm)  18  

(B400×500)mm  (C400×400)mm+(8ϕ20mm)  (C400×400)mm+(8ϕ20mm)  19  � 20  

  

3 -  0#-12�* �2�34� ��3�� 5�6 �


�,�478�9  

h.����= ����!� ��� ���-�K���-�H0  @=�F0 ?� �-

�� WOD bH3g0 � �/O0 h.� �- 909�P=��H��-  ����!�

���= �� ����
�� ���  ����� @���) -HBH0360 (]27[ 

�0h.� �- ..��� �/�� -�23�� mg� �/O0 ����!� ���

 ���B)LS6) �g
 mg� @=N=� ���� @� (1 ( � h.� �-

 ����!� bH3g0 ?�i�/O0 ����!� h.� ?<0}  � mg�

 JN���1 @����4 -�23��)CP7(  �g
 mg� @=N=� ���� @�

)2 ?<0}  (0� --�>.  

                                                 
6- Live Safety 
7  - Collapse Prevention 

 �N31 �>��<0 ���<� �6��D ���� ����� ?� �-

 ��<3� TADAS  J�� �� w��� �� ;<��7� �6��D

 -�23��(PBPD)8  �-�K���0� -H�  J�� ��4 �- @A

 @=N=� �g
 mg� �- �6��D�~�-�H0 h7 � w��� �� �

 	�.� �-�P0 �I���0� 4. ]31[J�� �- . PBPD 

��V��B ���/A ���� -H
 �- ��� �	�<� ��<� �O��B ���

 �.��� ���� �� �6��D�.��V/> �.�  �6��D 96��0 .	��

 J�� �� ���>��<0PBPD  �� ]�Hs�0� .���]31[:  

1-  ����!� h.� @� @BH  ��b�L��� �.�  � �/O0)

) @�� J�� (bH3g0V @g��� �� (1  	�.�0� 4.: 

)1(  
2 24

 
2

aS
V W

α α γ − + +
 =
 
 

 

                                                 
8   - Performance Based Plastic Design 
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@g��� ?� �-�  W ���= �G�0 ���b�c �� � ��Sa  b���

 @��� WOD @A �K<D360 ]27[  	�.�0� 4.  �- �

) �g
 mg� @=N=� ���� �/O0 ����!�1 ����!� �- � (

) �g
 mg� @=N=� ���� bH3g02@O��X0 ( 0� --�> �- .

 E�i @O��X0α �pθ  h.� ��V��B ;<��7� 	��c

 ]�Hs� � 	��p u yθ θ θ= − u�P 0� -H� �4 �- @A yθ 

 �uθ  h.� ��V��B � �<3�  ��V��B E< �  @�0� ./��� .

yθ  ����b�c ���  �>��<0 �� �.� ����!�TADAS  �����

 ��005/0  �H~/00� -H� ]31[ .uθ H  �� h.� @� @B

) @=N=� �g
 mg� @=N=� ���� �����!�1 �� ����� (0/02  �

) �g
 mg� @=N=� ����2 ����� (0/03 �0 b�L��� -H�

]32[ .T b�c �3^� -H�� �>��<0 �� �.� ����!� ���

TADAS � hi  @FOD Z�K ��i  @�� ���  �� M�0� .��� .

?</r�� Wj� hj� Wn  �hn  �  @�<E ���= �����  �� �

 @FODj M� @FOD Z�K �� �j ���= ��� �@�� ���  �� M� @FOD ��

) M��n(  .	�� @�� ���  �� M�� @FOD Z�K �� �βi  E�i

 Z�K �� �- ���� ���<� p�H 0� .��� . @A E�i ?�

���  �- @FOD �2< ���� J�� ]�Hs�i ) M�Vi J�� @� (

M�� ���  �- @FOD �2< ����n )Vn(  u�P 0� -H�� � �

 @g���2  ���L���0� --�>]31[:  
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 @O��X0 �-γ  �.<0�� �I��� t7^� E�i @A

0� -H� �sμ 92� E�i]�Hs� @A 	�� ���� ��C�

s u yµ θ θ= u�P 0� -H�  �Rμ E�i  @� �H��0 ���A

92� C���  E�i @� @A 	��sμ ) ���� �3^� -H�� �T (

 -�!/�<� �K3�L0 d���� �4 @O��X0 ���� � 	�� @�����

 � H�<= �-�!/�<� d���� �� @P=�g0 ?� �- .	�� �.�

 ����2��]32[ @O��X0 ���� Rμ   �-�K���0� -H�.  

2- ) ]�FOD �O��B ���<�Fi(  @�� �� �6��D ����

 @g��� WOD -�23��3  @O��X00� -H�. 
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d���� ?� �- Fn  M�� @FOD �O��B ���<�0� .���.  

3-  J���-�H0<��  �>��<0 �6��D ����TADAS  �-

 @FODi )Vyi @g��� �� (4  ���L���0� -H�:  
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 @g��� ?� �-Hi @FOD Z�K �� i  �M�hi  @FOD Z�K ��i �� M�

@�� ���   �Mpc D �H�� ��� ;<��7� �+/= 	�� ��� @FO

 M�� @FOD MN<��20 9<2�  �� ��<>H3B ���� @A@� ]�H^ 

 @g���5  	�� �.� -�!/�<�]32[.  

)5(  11.1  

4pc

V h
M

′×=  

 @g��� ?� �-h1  � ��� @FOD Z�K ��V ′  ; �- @�� J��

 -�.P  @� 9A @�� J�� �<�F  �� @A 	�� @���-@���- ��� 

��- �>��<0 ��TADAS �0 	�.�..4  

4-  	0�Li ���� ��-�F0 ��1 ��(t) @�� ��� �

(b)  Z�K �� �(h) ��� ���� ���TADAS �.��� �

 ��+��- �- ��� ; �<3�  	0��F0TADAS 

(Vy-TADAS) @g��� �� 6  ���L���0� --�> jk� .

 @g��� �� �-�K��� ��7 ��� -�.P  ����-�H0<�� 

 ����!� 	!B���= �� @FOD �- i M�(Ni)  @O��X0

0� --�>:  

)6(  
2

6
y

y T A DA S

bt
V

h

σ
− =  
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)7(  y i
i

y T A D A S

V
N

V −

=  

 ��4 �- @Ayσ  �- �1�s0 -fH1 �<3�  �/ ��� ��� 

TADAS 0� .���  -fH1 ���� �4 ��.F0 �ST37� Mpa 

240 0� .��� . �@P=�g0 ?� �- � @�� ��� �	0�Li

��� Z�K �� ���TADAS �-�K���-�H0  ����!� 	!B

���= �� b�c �/�� ���@O �0./3�  �  @�<E  �� �����20 

0<3� ��0 �250 0<3� ��0  �300 0<3� ��0  ..-�> b�L���

 ��.F0 �C=�>��<0 ��� �<3�  	0��F0  �����kN 33/13 

 	�.�0� 4. ��.B �- .2  �-�F0Vyi  -�.P  ?</r�� �

��� ��� TADAS �-�H0<��  ���� bH3g0 � �/O0 ����!�

���� ��� @P=�g0-�H0 �.��A� .	��  

��.B 2-  -�.P ����>��<0 ��� TADAS �-�H0<�� ����!� ���� b�c �/�� ���@P=�g0-�H0 -�23�� w��� �� ;<��7� �6��D �-  

bH3g0 ����!� �/O0 ����!�  
@FOD  

Ni  Vyi (kN)  Ni  Vyi (kN)  

 b�c12 @FOD  

18  94/239  6  98/79  1  

17  61/226  6  98/79  2  

17  61/226  5  65/66  3  �4  

16  28/213  5  65/66  5  

15  95/199  5  65/66  6  

14  62/186  4  32/53  7  

13  29/173  4  32/53  8  

11  63/146  4  32/53  9  

9  97/119  3  99/39  10  

7  31/93  2  66/26  11  

4  32/53  2  66/26  12  

 b�c15 @FOD  

26  58/346  8  64/106  1  �2  

25 25/333  8  64/106  3  �4  

24 92/319  8  64/106  5 

23 59/306  7  31/93  6 

22 26/293  7  31/93  7 

21 93/279  7  31/93  8 

20 6/266  6  98/79  9 

18 94/239  6  89/79  10 

16 28/213  5  65/66  11 

14 62/186  5  65/66  12 

12 96/159  4  32/53  13 

9 97/119  3  99/39  14 

6 98/79  2  66/26  15 
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 ��.B2- @0�-� 

bH3g0 ����!�  �/O0 ����!�  @FOD  
Ni  Vyi (kN)  Ni  Vyi (kN)  

 b�c20 @FOD 

40  2/533  13  29/173  1  �2  

40 2/533  12  96/159  3  �4  

39 87/519  12  96/159  5 

38 54/506  12  96/159  6 

37 21/493  12  96/159  7 

36 88/479  11  63/146  8 

35 55/466  11  63/146  9 

34 22/453  11  63/146  10 

33 89/439  10  3/133  11 

31 23/413  10  3/133  12 

29 57/386  9  97/119  13 

27 91/359  9  97/119  14 

25 25/333  8  64/106  15 

22 26/293  7  31/93  16 

19 27/253  6  98/79  17 

16 28/213  5  65/66  18 

12 96/159  4  32/53  19 

8 64/106  3  99/39  20 

  

�- J�� !����= ���� �-�.X0 �- ��-�!/�<� ��

 � ���A �����<� �����1 ���./���!0 ��.���� ����A

) �����A ��� ����� �- �� ����1Pb(  ../����- ��<@V �

 �����1 ���./���!0 ��.���� ����A �� ��<>H3B ����

 @g��� .��8 :.��� ���c��  

)8(  2 C os 1.25b y yP R Vα ≥  

 �@=-�P0 ?� �-α @���  �W1� mg� �� ��./���!0Vy  	0��F0

 �>��<0 �<3� TADAS  �Ry  -�H0 �<3�  �/  	O��

 m=�s0 �<3�  �/  9c�.6 @� ��~���0� .���  WOD @A

 @O��X0 ���� ����
�� �30 ]���F0 ��- \XO00� -H� 

]33[ ��C= .@�H+� ��./���!0�0 b�L��� �� ����- @A .�H�

�O��X0 9c�.6 ����A 	<1�z � )Pb(  ./���!0 ../���

 pgF0 �� ���L���2UNP220 b�c �0��  ���� �- ��

�0 H+��HB ]�FOD �0�� ..��� 

4- ;�� -, �2��OpenSees  #����2< ���
-  

 �����.0 ���� b�c�� �� 	<3��c��� �.0 ����

�-.� @0���� �- OpenSees ]34[  @�1�> ��!�0� -H�. �� 

��1 E3^ ���1� >��1�- ����� uF���� �- ]�FOD M�B 

���  ]�FOD @��HD ����0 ?<� ��>��� ��s � � �<  �H�� 

p�H  �0--�> .��X= ���� �-H�� �/A�.�� ��<0 ���<� 

��HX0 � ��
 ���0�� �/  @g��� u�P  � - �� ���A

 �H��-uniaxialMaterial  �-�K���0� -H��.0 . m=�s0 

?��-  � �HsX0 ?�� �� ���l<� �HsX0- �� ZH� 

Concrete01 � �.0 m=�s0 �-fH1 �� ZH� Steel02 

b�L��� �0--�>.  ���� @�1� ��2� ���=��.0 ���� ��Y�� 

��/�� �H�� � �<  ���=� nonlinearBeamColumn 

0� .��� � n/�  @gF����+��� ><��  �- ���=� �� �HD �-

@�1�> �~� �0-H� . ZH� �� �-fH1 m=�s0 �?</r��
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Elastic-Perfectly Plastic Material @��.0 �H~/0 -

��� ���1� ���� ��+��- 92� �y3y0 ���TADAS  �-

OpenSees �0 �-�K�����F� .-H� ���+�����<> ������ 

���=��� �/�O0 ��  �H��cquadrature Gauss-Lobatto 

�0.��� .M��  pD�F0  ZH� �� @�1� ��2�Fiber 0� ./��� .

���<0 u�P  ����  �-.0� ��� ���� ��  j� �0 ��

�3�� ���<0 �H��-) Rayleigh  @0���� �-OpenSees (

 �-�K���0� -H� . 

�.0 �>��<0 ���1� ����TADAS  pB�0 WOD

]35[ �0 M�V��-�C� �� �-�K��� �� �.��� @A E< �  ?.� .
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 �>��<0 ���� J�� �- ��V��BTADAS  ; ]�Hs�

 �/X/0g
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�.� .^�-�4 ����0� -H� ]36[. @A�V�4�� .����- 

���= ����!� ���<� �6��D ��TADAS ��./���!0 �
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 �- ���./���!0M�� ��N1� OpenSees  ���<� ���=� ��
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