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D �0 ��GA �Y
�  �&�K
�
H�N $/&. )�e )0�'] �;
� �"��_ !+�K �0 6"��-4 a��2 �"& �� $/&.  BgH �&�� \���� �0&�-4 ,��e \�&�� P>�

)*�+ ��&MN��� d�&.# ��GA �.`&  �&ASCE 7 1� �e��. )*�+ d�&.# �.C�� �	C�4 �� ~.Q� �� )��A&.�  �&

ASCE  )0&0 l���&)�e $/&.  u�_ �	�./ �0 $C>A a�	C�4 �"& �D �	"�
A ��.4ASCE 7 $H�N �&�K :�
/0 �0. 

 ���"0 ���0./ 0��/& d/.4 �DFEMA )��"^% $�&0�� R'�� ($/& �"* �&�K �� )�e �	g4:  
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FEMA P-749 a"�+^+* ��&�� �0 E'��� 12&�� B	%���" )FEMA, 2010.(  

FEMA P-750 a")*�+ d�&.#  �0�g��	� �&NEHRP R�

��/ �&�� )*�/ ��"0 ' �"�� ��% �%" )FEMA, 

2009a( '  

FEMA P-751 a" �0�g��	� d�&.#NEHRP :���� 12&�� ��%" )FEMA, 2012(. 

FEMA P-751 ���� �0�"* 0&�-4 ,��e  12&�� ��% j	K0 O&���� *& ���	C� �D $/&ASCE 7-05  'ASCE 

7-10 1� !	D�4 B% �� &� ��D. ���� �"& �0 �% ���� �� �C"��� j	K0 ��	C� �
�%&� �"& �0 )�e (��� ��%  �� ' )0.� �4
��� �� �g�4 ^D�
4 ��� ���� ' �% 1;	;<4 ��%a ���� �� )*�/ 12&�� ��% �+^+* 1/��g� �&  �DDp4	� �
�%&� �"&  �'� ��

R] a$C	A 0�&0 ^D�
4.  

0�&�A�
/& 1;� �C/V�  1A�

��/ ��%)NIST ( �Z.
c�1+�Z  ���"0,��e )*�+ 12&�� ' ,	;<4 \����  �& ��	
�& �0 &�

1� �&�K �%0.  �"&" W�&^N 1�H ��%" @�K 12&�� aBN&�H�"0 ��
H� �;
� *& 1�;
>� O�Z.#.�  12&�� a1�
� ��%

@�K g� ��%������ )*�/ ,	;<4 ' )�e �	o �& 1� Pe.� &� 1�� ��%0. W�&^N �"& 1� �% ��"^% $�&0�� R'�� �A&.4  �&

*& C�'$"� org.consultants-nehrp.www 0.e $H�"�0.  

�)�=�� ��� <� ,��9+�� ,@.�  

 �� �
�%&� �"& O�.`�Z.
c� �& ���� *& )�e 1%�A��*�/ 0���� ��% $/&. *& �	o �� t���
/& �0'�-� ��% �� ���� �% a

 O�Z[�& �� ' )0.� &^c� O�.` )0&0)�e ���� ��"0 �0 1
A �
C�&' �% �e��.  a�0�&.� �0 �D $/��-� R&�� �"&
)��A )0&0 R��A O��/�<� �"& ��2 �"& �� a0�&0 *�	A 1/�/& O��/�<� �� �D )�e )0�'] ���� �&�
�& �0 14�Z[�& $/&. 

 ���� �0 a���� R&.�Z ��1�CA R�Y� �		X4 1� O&�U& '  �
+0) ����19(�<� �&�� O�	J^� a'�	A ��/  0�.� 1�A�� ��%

'�	A �"& �A&.
� �4 $/& 1H�D�A )��A&.� �&�� )�e )0�'] O�Z[�& ' $/& )��A )0�'] ,	;<4 �0 )0��
/&  �'� *& &� �%
��D &�	� 1"�gA @&.�. ���� �� �0�&.� �	�_ �0 ��2 �"& �� R] �0 �D �
�%&� �"& �0 0.�.� ��"0 ��%  O��/�<� �%

 1g����)�[��  �
H�"'�	A 1�A�� ��% ()�e )0&0 l���& a$/& )��] $/&. 1� )��A&.�  ' R0�D ���A0 �� �0�K )�&.
% $C"��
 �"�� 0&�Z& 1��
4 �	+.4*��))�e )0&0 O�Z[�& *& 1�>� �A (1� �	+.4 ���� �0 �D �e�� a0.e.  

,��)A  ���B:�*� � C��"A�C  

���� �J&�& ��% P>� �� !;o& �
�%&� �"& �0 )�e �-� a�% �0 ��Ye& ' �'&�� aO80ASCE 7 1� l���& ��%0.  1��
4

 R'�� ' B	�
C� O�.` �� 0�&.� �"&)��e&  �� 1Q>��ASCE 7)�e )0&0 l���& a �A& . $/& �Y
� a���� R&.�Z ��

 a�e�� 14���Z �	�_ )�A�&0���0 1Q>�� ����" 7/�� ([`& !"�#R  �'�� d/.4 B
C	/ �&��12,2-1  )�e )0&0

$/&."  

���&P>� �� O�Z �'&�� aO80�-� a�%  L�2 �� )�&.
% a�e�� �
�%&� �"& �� �Q<�� �D ��Ye& 'G  �0�&�
�&  ' R]
1� )0&0 R��A aB	># $A.H �� �
� *& )0��
/& 0.e. �[�� '�	A \"*.4 �D 0.e R&.�Z �
� �0 $/& �Y
�  �.� �0 �%

 �0 )*�/ l��4�& C��*G12-3  �0 ' )�e �D� F"AG12-5  P"�
A)�e )0&0 $/&.  )��
e a�.K ,�A �"& �012 a

 0�.� 1+&.4 )��
e )�	4 d� *& s� )��
e ' ���� )��
e),Ye �	
c�� �" �'�� �	�./ 1�-" (1� �e��.  

��G� H���I� � ���B:  

$�[Z $�[Z ).	e �� j���� �
�%&� �"& �0 1#�"� �� �
C�&' ��&MN  ,QH �0 ��&MN11  *&ASCE 7 1� �e��.  �"& ��

0�
A 1��
4 *& �
�%&� �"& �YA] ,	+0 �� ��2  �0 0.�.� ��%ASCE 7 1
A )0��
/& 0�
A *& 1"&^c� $C	+ a��D  �� ��%
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 R&.�Z $<4 1"&^c� P>� �0 �
�%&� �"& �0 �
H� ��D"0�
A �
�%&� �� �Q<�� ��%" )��] $/&. B% $C	+ �"&  �	�_

0�
A �&�� 1�"��-4 )�e 1H�-� �
�%&� �"& �0 �D 1"�%  a�A&1� �&�K ��	
�& �0 �%0.  

C���+� �J�K� � �L�)0  

 �� )'[Z �
�%&� �"&22  ����&^c� ,��e a3 $/.	� 1� ^	A �e��. R'�0 �'&�� ,��e �'& $/.	�  ��"]�H �D $/& 1��"

 �"0��� 1�-� ��/�<�) $"�/ !J&�# ��A����  '�� ( *�	A 0�.�ASCE 7 1� ,	gC4 &� ��D. $/.	� ��%  aE./ ' E'0
����D@' $<4 O&^	gc4 0 �
�&��� �		-4 �&�� &� �	�* ��% 0�.D� @�>
A& ' )*�+  a7/�� �=>"��4 ,	;<4 $g� �+^+* ��%

1� (�e 0�%. B% �
�%&� �"&  R&.�Z $<4 1�>� ,��e �	�_"�'&�
� O8&V/" 1�  O8&V/ *& �0&�-4 R] �0 �D �e��

7/�� )&�
% �� �'&�
� )��C".A ��%  �D�)�e $/& .�	"] �D 1����% ��`.Q>� 0�&.� 1�-� �0  �� *�	A a$/& Bg�� ���A

 *& ��	C�4ASCE 7 1� �e��.  

��
@M2� '��  

�	C�4  O&���� ��%ASCE 7  ���&^+& ' )0.� )��C".A �� �Q<�� a)�e �J&�& �
�%&� �"& �0 �D ���"0 O&�GA �A.N�% '

R�	� )�N�"0 )���D  0�&�A�
/& �
	
D ��%ASCE 7 1
A �Y"��] R&�
Z �	/��g� �
cA& �" �e��.  

 C�N�1 :��PQ  ���� $(�  

 R�;+�� C�N� �����PQ  ���� $(� 1�)+��� <� ����I� ��$� ,<�� $S�� � �= !� 1�T� �� �= �=�.  

����  ���� ��� P>� �0  �0 1�;
>� ��%ASCE 7  ��D1� �;
� R] *& �D $/& �
H� ��  )��e& �"* 0�&.� �� R&.4
0�D:  

•  $	
%& !"�# �		-4) P>�11,5,1  �'�� '1,5-2(a  

•  )�e $���2 1/�
/0 O&������ )*�/  �&�&0 ��%����  ���� ��� IV ) P>�11,5,2(a  

•  �		-4����  ���� )*�+ (��  �&) P>�11,6  �'&�� '11,6-1  '11,6-2 ('  

• )0'�<� �		-4  ��%1�CA R�Y� �		X4 ) P>�12,12,1  �'�� '12,12-1.(  

 �'��1,5-1  1��
4 *& 1;D O��	`.4����  ���� ��% ��� &� 1� B%&�H ��D. ����  ����  ��%���  )0'�<� �0I 

)R�

��/ )*�/ ��"0 ' �% �D 1"�%  O�.` �01�
>	CNa ���  1
D�&�� �A�&0 1� �0 R�CA& 1N�A* ( �4IV 

)R�

��/ ��"0 ' �%  )*�/  �D 1"�% ��O�.`  1/�/& O&^	gc4)�e �
e�
N '/0 �" �� 1/�/& ��� a1�&�� O�.` �
1� 0�&' �-��� �A�'] (�A�&0 �&�K.  

 O��	`.4 1N0�
CN����  ���� ���  �'�� �01,5-1a  �&�� &� �'�� �"&����  ���� ��� 0�&.� *& ���	C� �0  1H�D�A

1� 0*�/. j	K0 O��	`.4  *& ��4����  ����  ��%���  �'�� �01604,5 *& �	"]  �Y"��] 1A�

��/ ���A )IBC, 2012( 

)��] $/&.  O��	`.4 a0�&.� 1�-� �0����  ���� ��� IBC �� )'�N �����D ��%a  �����D )'�N ~.Q� ��I �D a

1� �&�K )0��
/& 0�.� �0�gA O&^	gc4 �&��  a0�	N)��e& 0�&0. )'�N �"&  P>� �0 �D �%308  *&IBC )�e 6"�-4  a�A&
�.�A�
%  �� $/& )��] �"* �0 �D4 )'�N�"* �
/0 &^c� )�e ���� �A&:  

I-1 :)*�/ P>� �" �%  *& P	� �	�D�/ 0&�-4 �&�&0 �D R] *& 1"�%16  O�.` �� ��A24  O��GA $<4 1�	<� �0 �
Z�/
e�� �&0�.��� 1A��g�A $�K&�� *& ' )0.��� .����  ,��e )'�N �"& *& 1"�%D&�� ��
C� ^24 $%��A ' �
Z�/ )�N  $K.� ��%

1� �e��.  
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I-2 :
��/R�
 )*�/ ��"0 ' �%  O�.` �� �D 1"�%24  *& P	� *& 1Ye^� $�K&�� �&�� �
Z�/h��  �� �0�K �D ��A
1� �&�K )0��
/& 0�.� a��
C	A 0.� *& ��&�g�A �A�	N .���� R�
/��
	� ,��e )'�N �"& *& 1"�% ���"�/] ' �% )  ��%

1� R&��
+�/ �e��.  

I-3 :R�

��/ )*�/ ��"0 ' �% &�&0 �D 1"�% *& P	� �	�D�/ 0&�-4 �h�� 1� ��A  �D ��e�� 1
	��& $�K&�� $<4��
C% .
���� 1"�%  �"& *&�
/0  ,��eR&�A*  ' �%$�&�A )�N �% 1� �e��.  

I-4 :R�

��/ )*�/ ��"0 ' �%  *& P	� *& R] �0 ' �
H�N �&�K )0��
/& 0�.� �A&*'� $�K&�� $g� �D 1"�%h��  �% �0 ��A

D O�� �� 1�/ d"&�e *& �
24 1� ��&�g�A a*'� �0 $Z�/ .eA�.  

�"& �� )'[Z  O��"�-4 *& �0&�-4 a�%����  ���� ���  �'�� �01604,5  *&IBC ��� �� l.A �� �
C�&' ����D�  R�

��/

0�&0 1�
C�.  ,QH2  *&IBC ��� l.A �� �
C�&'  �����D O�.` �� &�" �D �0&�H& 0&�-4R] �&��  5" *& i'�� �;	/' �%

��/)�e 12&�� aR] *& 1�>� �" R�

 $/&" 1� 6"�-4 ��D. ��� l.A �� �
C�&'  �����D ,QH �� j����10  *&IBC 

1� �		-4 0.e.  

�"�
4 �0  �'�� *& )0��
/& a�"* ��%1,5-1  *&ASCE 7  �'�� )&�
% ��1604,5  *&IBC  ��%."���/ j"�� *&

)�e )0&0 R��A 1�;
>� $/&. .` �� )*�/ a�"�
4 �% �0 6	`.4 �Q
>� O� a)�e����  ���� ���  �0 ' )�e R�	�
$/& �
H�N O�.` 1/��� R] ��&0&. 1+�2 �0  &� 1/��� $<4 )*�/ �" ' R�

��/ �&�� 1"�	H&�X� $	-K.� �"�
4 �% �D

1� R��A  @�>
A& �� d�4�� $	-K.� �"& a�%0����  ���� ��� 1
A �e��. �"& R�Y� �%  �.G�� �"��)�e R�	� �4 �A&  ��

��"&^�	� �A�"&�N \K&' $+�2 �%."���/.  

 ��$)�1 :�0 ���� �/ :�0 :[D R�

��/ ' )���A&0 �
H0 Blacksburg a.Virginia  ��&�� �����D ���375 

1� �e��.  

U��8 :����  ���� ��� .II  

V�0@� :����  ���� ��� II )�e @�>
A& ,	+0 �"& ��  *& �

D �����D ��� �D $/&500 1� �e��.  �&���500 �� ��&�� 

�A�
/] �&���  $g� �
/0  R�

��/ ���� R&.�Z ������  ���� ��� III 1� �e��.  5" R�

��/ �D $/& �D� �� E*8

 �&�&0 aR�CY" �����Y	� �� R�
/�	�0����  ���� ��� III 1�  *& P	� �����D ��� &�"* a�e��250 $/&.  

 ��$)�2 :O�A�Y�& �� 1Ye^� ��&0& R�

��/ �0 \K&' 1"���/ 12&�� Austin aTexas . R�

��/ �&�� �����D ���

 ��&��400 1� �e��.  

U��8 :����  ���� ���.II  

V�0@� :����  ���� ��� II )�e @�>
A& ,	+0 �"& ��  O�.` �� �A&*'� R�

��/ �D $/&24  ' )0.�A *�� �
Z�/

 �����D �
/0 �� R�

��/ 5" �"&�����I-2  :�/& ��IBC <�1
A @.C 0.e. �"& �� )'[Z 1;D �.� ��  O�A�Y�&
1
A )0��
/& ��&��#& 0�&.� �&�� 12&�� 0.e.  

 ��$)�3  :^D�� 5" ���� 5"  R&��
+�/ *& $�K&��)R&��
+�/ )���"�/] ' �
"&^+] 1
�K&�� ^D�� ( �� �����D ��� ��

 R&^	�120 �0 \K&' aSavannah aGeorgia.  

U��8 :����  ���� ��� = III.  

V�0@� :����  ���� ��� III �
H� ��D �� $g� R] *&  �����D )'�N �0 O�C	/p4 �"& �D $/&I-2  :�/& ��IBC 

 *& P	� �����D ��� �&�&0 a�
H�N �&�K50 $�K&�� �" 12&�� O�A�Y�& �K�H ' )0.� 1� ��&��#& ��% �e��.  
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 ��$)�4 :5"  ,
%40  �0 ����Reno aNevada .��4&  ��%0&�H& \
c4�+�/ a  ��%1A&��>/ �4�y4 '  �D 1"�%

 5"�% )*&�A& ��800 �A�&0 $	H�� ��A.  ��&�� ,
% ,D �����D ���6500 1� �e��.  

U��8 :����  ���� ��� = III.  

V�0@� :����  ���� ��� III &�
H� ��D �� $g� R] *  �D $/& *& P	� �����D ���5000 ��A 1� �e��.  

 ��$)�5 :�&0�ge ��
CN0&0 ��D 1A&�A* ��&�g�A �.;/ '0 ,��e ��&0& R�

��/ ' �) ��D&�2 �&�&0 5"�%15 

1A&�A* ( 5" ' �&�&0 ��
A[D ��-e)��
C"& 1"."0&� O����4�& ��/�& ��% �0 \K&' aRichmond aCalifornia. 
��4&  ��D&�2 $	H�� �&�&0 )�N0&0 ��%120 1� ��A �e��.  

U��8 :����  ���� ��� = III.  

V�0@� : �0 @�>
A& 0�.� �"&����  ���� ��� III ��  $g��.;/  �0 �D $/& 1A&�A* ��&�g�A ��%IBC  R&.�Z ��

 �����D )'�NI-3 )�e 6"�-4 �A& . �=A��_)��
C"& 1"."0&� O����4�& ��/�& ��%  ��&��#& 1���4�& ^D�� R&.�Z ��

�
H�N�GA�0  a0.e����  ���� ���  ������ IV $H�" �%&.� P"&^H&.  

$)� ��6 :1e'�H )0�� R�

��/ 0&.� �0 �*�� P4] Chattanooga aTennessee a0'�2 10a000 ft2)929 

m2( . ��&�� �����D ��� �&���125 1� �e��.  

U��8 :����  ���� ��� .II  

V�0@� :0&*] �r�A& ��2 �"& �� a��
C% )�c��� �*�� P4] 0&.� �_�N&  )�c��� 0&.� d/.4 )�e )�[�� �� �C"��� �0 

1��GA O�
g� )�	�� O&^	gc4 ($/& BD ��
�CA . ,	+0 �	
% ������  ���� ��� II )�e @�>
A& $/&.  *& 0�.� �"&
 )�D&M� �D $/& �0�&.� �;
� )�'��� �")��
C"& �" 1��GA ^D&�� �� 1� s	;� 1/�*�� ��%  &�"* a0.e \K&' ���0./ �A&.4

R�Y�& ).�+��  �0 �&����  ����  O�.` ������  ���� ��� III 0�&0 0.�'.  

 ��$)�7 : ����& �� �
C�&' ��&0& R�

��/CBS  �0Tallahassee aFlorida  �&�&0 �D2  P>� �&�� ."0.
/&

1� 1;<� ����& �e��. 1
A ��&��#& 1���4�& ^D�� 5" aR�

��/ �"& �e�� . ��&�� �����D ���235 $/&.  

U��8 :����  ���� ��� .II  

V�0@� :����  ���� ��� II )�e @�>
A& ,	+0 �"& ��  ��&��#& O����4�& ^D�� 5" R&.�Z �� R�

��/ �D $/&

�
H�	A ~�Q
�& $/&.  

 ��$)�8 : )�.G�� ��_ R�

��/ 5"95  �0 ����Chicago aIllinois  1e'�H )0�� O&^	gc4 ���� '0 ,��e �D

))*�X� R&�.
/� ' �%  ��D&�2 $	H�� �� 1"�%60 ��A( a50 �/ ���H ���� ' ��&0& R�

�43 1� R�
4���] ���� �e�� .
 0�-�& �� 1;	�
C� R�

��/ R[�150 O.H  )45,72 �
�(  �0175 O.H  )53,34 �
�( 1� �e��.  

U��8 :����  ���� ��� = III.  

V�0@� : *& �
N�^� �����D ��� �&�&0 0�-�& �"& �� 1A�

��/5000 0.� �%&.� .�����D 1� R�

��/ �"& �&�� �% .4 *& �A&

 �'�� j"��1004,1,2  *&IBC 2012 0.e )0* �	
>4.  

 ��$)�9 : �0 ���� 5" :.�.4& )��
C"&Santa Fe aNew Mexico .:.�.4&  �%$g�  R0.
A )0�	� ' �&./

1� 0�&' ,<� �"& �� R&�H�C� �A.e . ��&�� )�e ��/�<� �����D ���350 1� �e��.  

U��8 :����   ������� = III.  
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V�0@�  

����  ���� ��� III  �� �"& $g�)�e @�>
A& ��^� �����D ��� �D $/&  *& �4300  P>� ^	A ' )0.�303,4  *&IBC a
 1�.
Z ,�A ' ,
2 ^D&��)1A'�-4 ��A�� :.�.4& ��% 1A&� )�	o ' ��ge �	� ��%'�
� a�%(  1�.
Z j���� R&.�Z �� &�

�
/0 1� ���� ��D.  

 ��$)�10 : �	+.4 ���A&���e.A ^D�� ' �0 \"*.4 Golden aColorado. . ��&�� R�

��/ �"& �&�� �����D ���125 

1� �e��.  

U��8 :����  ���� ��� .II  

V�0@� :����  ���� ��� II )�e @�>
A& ,	+0 �"& ��  �D $/&�
/0 ��
C	A !/��� �48�� ��%. 1
A ^D�� �"&  �� �A&.4

 R&.�Z����  ���� ��� I �	�� ^D�� &�"* a0.e �		-41
A 1J^� ) �e��.  

 ��$)�11 : �&�� �
C�A ,<� �� h+�D ���4.H E."0�
/& 5" �&�� )��"��15000  �0 ��ALubbock aTexas.  

U��8 :����  ���� ��� III.  

V�0@� : *& P	� )*�/ �"& �&�� �����D ���5000 $/& E*8 �"&����� ' )0.� �D ����  ���� ��� III 0.e @�>
A&.  

 ��$)�12 :� ���A& 1
�D ��A�D �'�c� �D )�N���+ 5"0^A �0 1
�D ��� )�	�Houston 1� �e��.  5" R�

��/

$2�C� ' )0.� ���� v+�� 6D  ��&�� R]30a000 ft 2 )2787 m2 (1� �e�� .�+.
<� x&�
�	+ j"�� *& �%  ' �%
,	�U�� 1� �c��� R'�	� ' R'�0 �� �A&*'� ' )�e )0&0 ���
A& 1��/ ��% �A.e .�+.
<� % �0&.� �'�2 $/& �Y
� �

)�Y�� �0 1`�� O�-"�� �^;H ��% (�e�� 1
/ R�CA& �&�� �D ��e��.  ��&�� �����D ��� R&^	�60 1� �e��.  

U��8 :����  ���� ��� III.  

V�0@� :�	o ^D�� �"& 1;`& �����D �_�N& )�	�� a��'�#  �"& �0 1g�.4 ,��K 1A�CA& $	+�-H ��2 �"& �� a$/& �*�/

�4& )*�/1� �� �
H& . &M+����  ���� ��� I 1
A !/��� �e�� .)�	��  �� *�	A ���.
Z 1
/ 0&.� �*�/����  ���� ��� III 

0�&0.  P>� :�/& �� ��2 �"& ��1,5,3  *&ASCE 7 ) '�A.N �� ����� �&  1K�'�� �0b  �'��1604,5  �0IBC (
 $"�"�� ' ��� 1��"*�& ���A�� �=A��_��� D �%0 R��A �A&.
� @.C<� E.
Z �&�� ��"�g4 1
/ 0&.� ���
A& �

1
A 1� )*�/ �"& a0.e  �A&.4 �&�&0����  ���� ��� II �
H�N�GA�0 0.e.  

 ��$)�13 :)�	�� �.;	/ �0 O[o �*�/ Hays aKansas.  

U��8 :����  ���� ��� I.  

V�0@� : �c�"& �0����  ���� ��� I  :�/& ������  ���� � 1A�

��/ �	o )*�/ �"& �*�'��D ^D�� 5" R&.�Z �

�
H�N O�.` $/&.  

 ��$)�14 : ���4.H E."0�
/& �	� )0�	� ���Z ,�NFL �'�c� ��	D��� 5" '. �	Y4  E."0�
/& ����'� a,� �/ 5" )�N

1� �e��.  ��"0 L�� ,� �"&1� 1
+�"& �	� R��.4& 5" �MN'� �'� *& �D 0�&0 �&�K 1-
e �'� �� 0�MN.  0&�-4 ��D&�2
� O&��A ��&�� 1A��* �% �0 ,� �'� �� )�e 0�']�220 1� �e��.  �0 ,� �"&San Antonio aTexas )�e \K&' $/&.  

U��8 :����  ���� ��� III.  

V�0@� :�G2[� ,��K *�� �� �D E."0�
/& �����D ��� ,	+0 �� E."0�
/& ��^� �&  *& �45000 1�  �0 a�e������  ���� 

��� III 1� �&�K 0�	N . ,� ������  ���� ��� III 1� j;-4  ' )0.� E."0�
/& *& i'�� �&�� �;	/' ,� �"& &�"* a0�	N
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 E."0�
/& *& 1�>� R&.�Z �� �"&������
H�N�GA�0 1� 0.e. ) �" ,��D 1e��'�H �D $/& �;yC� �"& 1H�#& �G2[� 5"

 ,� 1J^��'� �� )&�N�^� 1� �A&.4  1CA&r�'& �	;�A ,"�/' $D�2 *& \A�� 0.e(.  

 ��$)�15 : �0'�'1;`& ����� R�
/��
	� 5"  �0 �&St. Louis aMissouri . �"& )*�/)�e �.Q<�  �0��	e  ��

 $2�C�1a800 ft 2 )167 m2 (&^c� O�.` �� �Y	+'  R�
/��
	� �'�c� �0)�e \K&' $/&.  1;`& L�% �0'�' �&��
O�K[� � R�
/��
	� 1;`& R�

��/ �� 1/�
/0 aR�
/��
	� R�N���D1 �e��.  5/.	D �0&�-4 ' W�"M� ^	� 5"

14�Z[�&  ��
e.%),�/�� �K�H(  �0 ^	A �0'�'�A�&0 �&�K.  ' 1;`& R�
/��
	� �	� )�	e.��/ '�%&� 5" �0'�' �&�K

0�&0.  1/�
/0)�N�0 ��"0 j"�� *& sA&r�'& ,�/�� ' R�
/��
	� R��D��D �% 1� �e��.  

U��8 :����  ���� ��� II  �4IV.  

V�0@� : �0 R�
/��
	� �D $/& v>������  ���� ��� IV 0�&0 �&�K.  �=A��_�0'�' �0'�' 5" ,Ye �� a

�0����D �&��  P>� a�e�� R�
/��
	�11,5,2  *&ASCE 7 1� ����  �D 0�&0 �"& �0'�' �� ^	AO�.` ����  ���� 

��� IV ����  ���� 0.e.  ,�/�� ' R�
/��
	� R��D��D �D 1"�cA] *& ��2 �"& �� j"�� *& sA&r�'& �"& �0'�' R�Y�&

 a�A�&�A 1/�
/0 �"&����� ' )0.� �UV��	o �0'�' O�.` ��)*�/  �� �&����  ���� ��� II �
H�N�GA�0 1� 0.e.  1A^"&�

 ��)��
C"& �" 1��GA ^D&�� s	;� ��% 1� 1"�gA B	
Q4 ��>4& *& P	� �e�� �UV� �A&.4.  

 C�N�2 :� ��)=� '�$0 ��PQ  ����  [$Q,<$
 ��  

,<$
 ��)=� '�$0 ���I� !S�@S\ C�N� ���  � ����PQ  ���� ,<$
 [$Q  ��!� 1�T� �� �=�.  

��)=� '�$0 : *& 1-��4 $	
%& !"&�#����  ���� ���  �'�� �0 ' )0.�1,5-2 )�e )0�'] �A&.  �0 �"0��� �"&

 )0'�<�1  �&������  ����  ��%��� I ' IIa  �41,5  �&������  ���� ��� IV �A�&0 �&�K.  $	
%& !"�# �	+'& 0����D

)Ie ('�	A �		-4 �0 )*�+ 1�A�� ��% 1� �& �e��.  �+0�-� ���� R&.�Z ��12,8-2 7/�� !"�# aCs B
C	/ �&�� &�  ��%
1� R��A BD 0."�� �&�&0 �%0:  

 �
��I�12,8-2        

 �+0�-� �012,8-21� �GA �� a  �D �/�Ie ,"�-4 )���D  �&�� �&R a�e��  &�"* �$/& 1
/�0�A �	C�4 �DR

   *& ,�
C� �D )0.� B
C	/ �� �
C�&' ��
�&������ $/&.  *& ���"0 �	C�4Ie 1� $/0 �� 1����%  �D �"]
 �+0�-�12,8-2 1� �
e.A �"* O�.` �� 0.e:  

 �
��I�G2-1        
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 F"AG2-1 �+2�� ��$� �+2�� �$"�)� $� ��)=� '�$0 $�^_�  ��@/ �� �  !��="��)� !

,<�� $S�� ��=" ��PQ  ���� ,�A ���.  

1� �GA �� a)�e z	<Q4 �+0�-� �0  �D �/�Ie )��"&^H& !"�# O�.` �� 1� ,
Z 12&�� 1�	� @�
e �&�� �& ��D. 
�/ &�"* a$/& 1
/�0�A �	C�4 ^	A �"&�	�* *& 1< R�

��/ d/.4 �D )*�+ :�C2& 1�  *& 1-��4 a0.e��� 1
A �e�� .

%& !"�# 1-K&' L�%1A&�<� O&^	gc4 �&�� 1H�#& $�'��� R0.
A B%&�H $	
  ��&�� �0��� 1� �e��.  z�/ �&��

�	�* *& 1A�CY" �.K R�

��/ 5" aO�	J^� l.A ' )*�+  5" �� $�CA ��

D 1�&�� ' �

D ��"M� L��-A& ��#��4 a�4
0�&0 �4 6	-# B
C	/.  

L��-A& ��#��4 B% ��"M�  R0.
A 0'�<� j"�� *& �	�_�		X4 1�CA R�Y� ' )�e )0&0 P%�D aI e  ) �	o O�.` ��
B	�
C� (1� 1;
Z 1�.� �� &� Bg� �"& 0*�/ .1� �;yC� �"&  j"�� *& �A&.4R�Y��		X4 1�CA ��% *�c�  *& 1-��4 �D

����  ���� ��� )0.� '  �'�� �012,12-1 )��]  B% '  �'�� �	�_11,5-1  $	
%& !"�# �� B	�
C� O�.` �� �D
/& d�4�� a$0.e )0&0 R��A. �		X4 B% ' $�'��� B% �D 1����% &M+ 1� �
H�N �GA �0 ,Ye  �� 1A�

��/ a0.e����  

���� ��� IV  �&��� 5" ��R  n'���' Ie=1,5a �A.N �� 1� 12&�� �&  �D 0.e1,5 �.K ��&�� )*�/ ��D& *& �4  �%

) �� 0.e �-�&��")*�/ ��"0 1��
4 �%"  �'�� �012,12-1 ( )0.� �&�&0 '1�CA R�Y� �		X4  �*�c��� �0�-� 6QA 

�0 ����
� �&���  �� R�CY" 1A�

��/����  ���� ��� I  �"II  �e��.  
B
C	/ ��
H� �C"��� �
/0 j"�� *& 6;
>� $	
%& !"&�# �� �% �&0.
A *& �& '�	A ��%-)�"& ,Ye �		X4  )�e �*�/ �]

 ,Ye �0G2-1 )�e )�	�D �".Q4 �� $/&. 1A�

��/  ������  ���� ��� IV  'I e = 1,5  ��#��4 �&�&0

L��-A&  �� 1

C	/ �� $�CA ��

D 1�&�� ,
<
� �8�

2& ' )0.� ��

D !4&�� �� ��"M�I e = 1,0 1� 00�N.  �0

B
C	/  ��%�&�&0 ����  ���� ��� IV 1
A �	� *& 1+' �
H�" P%�D 1�&�� a 0'�.  

 ��PQ  ���� ,<$
 [$Q ��  

����  ���� )*�+ (��  �&(SDC)  P>� �011,6  �'&�� '11,6-1  '11,6-2 )�e 6"�-4 $/&. �
�&���  �� �D 1"�%

 �'�SDC ��
C% �&MN�U&a  *& ��4���Z����  ���� ���  12&�� z�/ �0 1�	� @�
e 'S DS  'S D1  �&�� �" '

)*�+ (.�/  a0�"* ��	C� �& 1�	� @�
e��^� �
H�N�GA�0 �+^+* �"�4  )�e(MCE R )  ) P>�(11,4 S 1  .SDC 

 �� x�� w	4 &�"* 0�&0 1�
C�S DS  'S D1  ���.� 	�
C���/&' �� B  O80�-�11,4-1  '11,4-2  �� x�� w	4
1� d�4�� ��e��.  
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 �0 1Y" a$"�/ '0 a'� P	� ���� �0East Tennessee 1Y"0^A �0 ���"0 ' Concord aCalifornia  �GA �0
$/& )�e �
H�N.   

C��* G2-1 � ���I��PQ  ���� ,<$
 [$Q  ������ ��$�  �� `a�� ��=East Tennessee  

  
)*�/ �'� �� ��.4 a$"�/ �% �&�� 1A�CY" x�� �� \K&'  l.A ��%B  �"D )�e ^D�

� $/&. B%  a$"�/ �% �&�� �	�_

 '0����  ���� ��� )�e �
H�N�GA �0 R.N�A.N $/&: II 'IV . �'&�� �0 O��/�<� h"�
AG2-1 ' G2-2  !	4�4 ��

 �&��East Tennessee  'Concord )�e �J&�& $/&.  �0 \K&' $"�/ �&��East Tennessee  �&�&0 �D

)*�+ 1� 1
D ��
�CA �^	�  a�e������  ���� )*�+ (��  �& �&�� x�� w	4B  �� ��% R�

��/ �&������  ���� ��� 

II ��&�� aB  �� ��% R�

��/ �&�� '����  ���� ��� IV  ��&�� aC 1� �e��. ����  ���� )*�+ (��  �& �&�� x�� w	4

D  �� ��% R�

��/ �&�� a����  ���� ��� II ��&�� aC  �� ��% R�

��/ �&�� '����  ���� ��� IV  ��&�� aD 

1� �e��.  P"&^H&����  ���� )*�+ (��  �&x�� �'� ��  �0 �
H�N�&�K ��% x�� w	4D �"��4 !"&�# ,	+0 �� 	4 w

x�� F a  'F v 1� ���4&  �
H&))�e )0�'] �"& *& s� �D 14��/�<� �� 0.e �-�&�� $/&.(  

 �0 &M+East Tennessee  a����  ���� )*�+ (��  �& *& a$"�/ ' 0����D �� �
C�B  �4D $/& �	X
�. �		X4  *&

SDC  ��&��B  ��D B
C	/ O�	J^� ' 12&�� �&�� 1
g� B	%��� )�A�&0���0  )*�/ &1� � �e��.  

 �0Concord  O8�2 1��
4 �0 aSDC  �� ��&��D 1� �e��.  �� �4 �.K �0'�2 �4 )*�+ �	�* �D 14�.` �0S 1 
��^�  *& �40,75g  a�e������  ���� )*�+ (��  �&)*�/ �&��  �� ��%����  ���� ��� I aII  'III  �4E  �&�� '

)*�/  �� ��%����  ���� ��� IV  �4F %&.� P"&^H&$H�" �.  

 ��P��.�!
�)*�  ��$�East Tennessee  

,Ye �� ��.4 ��  ��%22-1  '22-2 )@' ��	N��D �� �� �" S S = 0,42 g (USGS 'S 1 = 0,13 g 1� �e��.  

C��* G2-2 � ���I��PQ  ���� ,<$
 [$Q  �� ��$�Concord  bCalifornia  
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 ��$� c�� d��B 

) �'&��11,4-1  '11,4-2(       F a = 1.0 , F v = 1,0   

) O80�-�11,4-1  '11,4-3(      

) O80�-�11,4-2  '11,4-4(    

) �'&��11,6-1  '11,6-2(   �&������  ���� ��� IIa B  =����  ���� )*�+ (�� �&  

) �'&��11,6-1  '11,6-2(  �&������  ���� ��� IV a C  =����  ���� )*�+ (�� �&  ��$� c�� d��D 

) �'&��11,4-1 ' 11,4-2(      F a = 1,46 , F v = 2,2    

) O80�-�11,4-1  '11,4-3(      

) O80�-�11,4-2  '11,4-4(      

) �'&��11,6-1  '11,6-2(    �&������  ����  ���IIa C  =����  ���� )*�+ (�� �&  

 ) �'&��11,6-1  '11,6-2(  �&������  ���� ��� IV aD  =����  ���� )*�+ (��  �&  

��N+��e Q��P  ���� 1�)+��� ��$� !-�$Q ,��@  ��=�@�$8 �� !��=  

 �		-4 a1Q>�� d"&�e $<4����  ���� )*�+ (��  �& :�/& �� �g�4S DS  *�c�1� �e��.  �� v>�� O&����
 �0�&.� O�.`4  P>� �0 �A�N11,6 )��] $/&. �&.# �"&d B
C	/ �&�� �g�4  BD ��	C� W�-4�& 0."�� �� 1"�% ) �&0'�2

0."�� T a  *& �

D0,8 T S (0'� 1� ��D ��.  �"& �D 1-K&.� �0t���
/& 1� ��D �� 1� a0'�  P%�D �� �c�� �A&.4

SDC  *& ���� R&.�Z ��C  ��B 00�N . �D 1+�2 �0�N&  �"&t���
/& � )��A 1/���0. aSDC C 0.� *�	A 0�.�.  

 C�N�3 : F)I
��@+����PQ  ���� ,<$
 !-�$Q ��$� ���� ��  

�� �� bC�N� �d�� ,<$
  ��c�� !� ���I� bf�$9� ���� �� ��$� ��$:.  

 x�� w	4x�� O�Q>�� ' l.A R0.
A 6	`.4 �.G�� ��  ' �
H� ��D �� n'��� $"�/ 5" �0 �%�U& R]  �'� �� &� �%

 1�-" $"�/ !"&�#F a  'F v  12&�� 7/�� 6	� �-/.4 �0 �D))*�+ ,	;<4 B	
-4 )�e )0�/ �& �
H�" ( ��D ��1�  a0'�
��D 1� ��<+. B%  �	�_ $/& �Y
� �"&�A'�  P>� �� j����21,1 a �		-4 �� �
C�x�� w	4  $"�/ 7/�� ,	;<4 ��

�
e&0 *�	A �e��.  ,
-+&�.
/0 ��2 �"& ������  ���� )*�+ ' 1
���e �	�* ).�+�� O&���>� 1��"*�& a$"�/  �& ) P>�

11,8 (1
A���0 &� 0�	N.  �&�� �"* �����A'� ����  ����  ,QH �0 �D $"�/20  *&ASCE 7 )��]  a$/&1;
Z 1� �e��. 
�	"] ���A ��
C% 1
g� O�H[
�& )�A�&0���0 ��& )0.� ����� �GA �� ��"0 ��%.  ,
-+&�.
/0 �� �.��� O��"�-4 �&������  
����  ,QH �� $"�/11  l.���	"�
A.  

 $"�/ 5" :�/& ���
/0 ������ $"��D ' ���� � z+�Q� ' x� O�.` �� a��/ x�� w	4A aB aC aD aE  �"F 

����  ���� 1� 0.e. w	4 x�� ��%  �'�� �0 �D �.�A�
%G3-1 )��] 1� �		X4 E�A x�� �4 $>/ ��/ *& a$/& ��D. 

 �0 �'�� �"&ASCE 7 $<4 R&.�Z  �'��20,3-1 $/& )��].  
 a���� �"& �&��)��A z"��4 O�	J^� �� 1e�� i.� $Z�/ ��	-� $/&. 1e�� i.� $Z�/ a1�
C�
% �% )*&�A& '  ��	N

B	�
C�a *�	A���  O'��K ' �G2[� ,��K ���c41� �e�� $/& ���� �"& |<� *& �4&�H �D. ��	N��D �� )0&0 z	<`  ��%
� )�'��� �� *�	A 1e�� i.� $Z�/ ~�>e& ��H�2 ' @�c� 0�&0 �& .  



 ٢٨٠٠آیین نامه

 

15  

 

 C��*G3-1 ��PQ  ����  ����) C��*20,3-1  <�ASCE 7-10(  
N �" Nch  vs  x�� w	4  

NA  NA  > 5a000 ft/s  $>/ ��/A.  
 

NA  NA  2a500 �4 5a000 ft/s   ��/B.  
 

> 2a000 lb/ft 2  > 50  1a200 �4 2a500 ft/s   E�A ��/ ' BD&�
� 1;	� x��C.  

  
1a000 �4 2a000 lb/ft 2 15 �4 50  600 �4 1a200 ft/s  $>/ x�� D.  

< 1a000 lb/ft 2 < 15  < 600 ft/s  E�A 1/� x�� E.  
 *& P	� �� 1;	H'�� �%10  O.H)3 �
� ( O�Q>�� �&�&0 �D x��

�e�� �"*:  

-  �
	C	
/[� v��ePI>20  

-  $�.�� �`�0w≥ 40% '  

-  )��A 1�Y%* 1e�� $�'��� 

��
���< 500 lb/ft2 (25 kPa)  

  
  

  

 P>� �� 0.e l.��20,3,1   P>� �� j���� �D 1"�gD��21,1 *�	A  ��

 �A�&0 $"�/ 7/�� ,	;<4F.  
 

  

 ,��� ���i `)* :� �.G�� �����  ����  a$"�/ 5" $/& E*8H'�� !/��� 1<�/�"* ,	)0&0 '  ��'�# ��% ��

�"] $/0.  P>� :�/& ��20,1:  
- 1� $"�/ x�� /& �� $C"�� :�100  O.H)30 �
� (H'�� �48�� ax�� ,	����  ���� 0.e. 

- )0&0 @�	o �0  j
Z �4 �%100 O.H )30 �
�(1� x�� ~&.� a  �*�/ )0��] B	4 d/.4 x�� 1/��� j"�� *& �A&.4
�H�2 0.e )0* �	
>4 a12&�� �&. 

- �Y	����% A E.;-� 1H�D O�	J�� �� x�� O�Q>��$C	1� a  $C"�� x�� w	4D  ��� �0�	N �&�K )0��
/& 0�.�

R] �D �D 0.e E.;-�  x�� w	4E  �"F 0�&0 0.�'.  

R��_  ��	-� �_ x�� w	4 x�� O�Q>�� :�/& ��(PI, w , s u )  a�e�� �
e&0 �&�K1� �"0��� �"&  j"�� *& $C"��

P"��*]  ����4] 0'�2 1�-" v>�� 1%���"��*] ��%)ASTM, D4318, 2005b ( $�.�� �`�0 a)ASTM, 

D2216, 2005a(  )��A 1�Y%* 1e�� $�'��� ')ASTM, D2166, 2006  �"ASTM D2850, 2007 ( 		-4 �
0.e.  
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 ���I�c�� d�� :)��] ��&0& �0 �D �.�A�
%  a$/&1� 1;D $D�2 �0 ,
-+&�.
/0 �"& 0.e B	C�4 �;2�� �/ �� �A&.4 .

 ,Ye �0G3-1  ,2&�� �"& �`[�)�e )0&0 R��A $/&.  

  
 F"AG3-1 c�� d�� ���I� ���\@�&  
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C�� j�: : c�� d��F  �@A �\) 7;�20,3,1(  

 �"* d"&�e *& 5"�% �N&#�&t� 1� $"�/ a0.e  �� $C"��O�.`  x�� w	4F ����  ���� 0.e:  

١. x�� !	/] ��%  ).�+�� W^"�'�H �" 1�
>	CN ��&�� �0 �"M�)*�+ ��&MN��� $<4 �&a ��A��: 

• x�� a�"M�*&�N ��% 

• :� ' :�C2 ��	C� �" R&'� ��% 

• x��  �� �D 1"�% x�� �" W^"�'�H �-
C� ��%,Ye )�	�C_ B% �� 1�	-# �A&. 

�
/&t�� :T ≤ 0,5 s ) P>�20,3,1( �"  

٢. :� ' 1��.4 ��%/ 1+] ��	C� �"[ H > 10 ft (3 m)] . �" 

٣. :�  0�"* ��	C� �
	C	
/[� �&�&0 ��%[ H > 25 ft (7,6 m) with PI > 75]. �" 

٤. :�  �4 E�A ��%:�  �&�&0 ��% 0�"* $��># �&�&0 d/.
� 1
>/[ H > 120 ft (37 m)]  ��s u < 1a000 

lb/ft 2 (50 kPa).  

$"�/ �&��  �D 1"�% x�� w	4R]  �%F 1� a0.e �		-4  E�cA& $"�/ 7/�� ,	;<4 5" $C"��0�	N.  

j�� j�: : c�� d��E  �@A �\) 7;�20,3,2(  

 �=A��_;	H'��1� $"�/ �"& a�e�� �"* O�Q>�� 1��
4 �� E�A :� �"8 5" ,��e 1  O�.` �� $C"�� x�� w	4E 
����  ���� 0.e:  

1. H layer > 10 ft (3 m)a 

2. PI > 20a 

3. w ≥ 40% ' 

4. su < 500 lb/ft 2 (25 kPa).  

j@� j�: : c�� d��A b B )7;� 20,3,4  �20,3,5 ( �� c�� d��C b Db E ) 7;�(20,3,3 

�@A �\.  

� � ��	N��D ���� &� $"�/ a�"* W'� �/ *& 1Y" )0��
/&  *& �'��G3-1 ����  ���� �	"�
A.  O��/�<� 1��
4	
 ���� a

� ��� a��ℎ�����  '
���� 1�  P>� �� j���� $C"��20,4 0�	N O�.`.  

k�� �� ����  

)0&0 *& )0��
/& ��"&^� �;
� *&  �D $/& R] 1e�� i.� $Z�/ ��%)*&�A& ��
H�  )�e ��	N�C"��� �0 �� )0&0  ��%
\
� ��']  *& )�e,<� ��% ���A  �&)�A�
N  1A*( a,	H'�� 1� 6	`.4 �
g� &� 1<�/�"* "�
A�.  �"& !"�-� �;
� *&

)0&0 �	C�4 ' W'� �"& E�cA& �&�� ���c4 �� *�	A ' 8�� ��
�CA ��"^% ^	A W'� 1� �% �e��.  

14�.`�0 )0&0 �D  a�e�� 0.�.� 1e�� i.� $Z�/ *& 1�/��� ��%	
 ���� 1�  �&�� $C"��100  O.H)30 �
� ( �� 8��

 �+�;-� *& )0��
/&20,4-1  ' )�e ��/�<� x�� w	4� �'�� *& )0��
/& �� !/��G3-1 00�N �		-4.  

 �0 ���� ���� �N&�
/0  ��%��	-� x�� w	4A  �"B *&  �'��G3-1  a0�	N�&�K1� �"* 1H�#& ��%��	-�  $C"�� ��
�GA N�	0:  

•  x�� w	4A  �"B 1
A )0&0 v	Q>4 1
"�/ �� $C"�� �D 0.e R] �0  *& P	�10  O.H)3 �
� ( z�/ �	� x��

 6D ' ��/.+�e$/& �
H�N �&�K �_��{Y" 1� ' )0�
CN )0 ) P>�(20,1. 
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•  �&�� �D 1e�� i.� $Z�/ ��	-� x�� w	4B  P>� �020,3,4  �&�� ' x�� w	4A  P>� �020,3,5 
)�e v>�� 1� a$/& �GA�0 $C"�� �
H�N  0.e. 

 x�� w	4 E&�D �D 0�&0 1�
C� �"& �� 0����D ,��K *& 5"��	-� ��% �.H  �DM+&t�#�& )�e $/&. 

  

k�� � ���  

�"0��� *& )0��
/& �� �.�A  0�&�A�
/&�"8 1��
4 �&�� 1A&�	� 1� a��/ ' x�� ��%  $C"��� ���  �&��100  O.H)30 �
� (
 �+0�-� *& )0��
/& �� 1"8��20,4-2 0.e ��/�<�. ��� �� ���&� �00�&�A�
/& �"0  �
H�N�GA �0 $C"�� 1� �"* 0�&.� a�.�A

 0.e) P>�20,4,2(:  

• ASCE 7 1� R�	� �"0��� �D 0�&0�.�A ��&�� �0 $�'��� 0�&�A�
/& 1�$C"��  O�.` ��")*&�A& �� )�e ��	N

B	�
C� O�.`  R'�� ' ,<� �0O�<	<Q4" 0�	N�&�K )0��
/& 0�.�.  �� �r�A& O�2[`& �D $/& ��
-� )��C".A

1� )0��
/& 0�.� PY_ l.A :�/&'��4 �"& &�"* �00�N ��
Z& $C"��)*&�A& �"0��� �0 aO1� �0�	�� )�e ��	N

�e��.  0�&�A�
/& �"0��� a���� R&.�Z ��1� 5	4��.4& PY_ 5" *& �.�A �
"& PY_ �"0��� �� 1
/�0 �� $C"��( 

N 60 ) )0&0 P%�D 0.e �4���]��D )��%0 @�4*�� �e�� 5	4��.4& PY_ �8��. 

•  �+0�-�20,4-2  0���� �&��� 5" �� *�	AN �% �&��  �0 &^c� �"8,	H'�� 0�&0.  )�e @�>
A& �" ' �	�A�	� �"0���
�GH�<� O�.` �� �A�
N *& �A&��D $/& E*8 &^c� �"8 �% 6	`.4 �&�� 0�-
� ��%. 

•  ��D&�2 *&100 blows/ft )328 blows/m (�	�D )0��
/& . P>� �� �
�	� |<� �&��20,4,2  �-�&���	"�
A. 

• �=A��_ �&0�� �A.
A )��
/0 �� 1��/ �"8 5" �&00�N 6K.
� ��D ��&0& *& aN 1� ��&�� $C"��100 blows/ft 

)328 blows/m (0.e �
H�N�GA�0.  

k�� ���������  �������  

,	H'�� 100  14.H)30 ��
� ( P>� �0 )�e �J&�& 6"��-4 �� j���� &�20,3,3 �"8 ��  1N���C_ �K�H ' )���C_ ��%

�	�D B	C�4.  

0��� *& )0��
/& �� �"0�&�A�
/& �.�A �"8 �&�� 1A&�	� a1N���C_ �K�H ��% ��ℎ����� 1��+0�-� *& )0��
/& �� $C"�� 20,4-3 

0.e ��/�<� . 0�.� �0 O&�GA �"0���0�&�A�
/& �.�A  R&.�Z $<4 P	� P>� �0 �D 1A&�	�" W'�� ���"  �0 a0.� )��]

 0�.���ℎ����� $/& �0�` ^	A.  

$�'��� �"0��� *& )0��
/& �� �"8 �&�� )��A 1�Y%* 1e�� )���C_ ��% a
���� 1��+0�-� *& )0��
/& �� $C"�� 20,4-4 

0.e ��/�<�. �.�A�
%  P>� �0 �D20,4,3  a�e R�	�1� )��A 1�Y%* 1e�� $�'��� �"0���  �� j���� $C"��

ASTM D2166  �"ASTM D2850 00�N �		-4.  

 5" �		-4 x�� w	4 a$/& ���*�	A �;2�� '0 �� *& )0��
/& $C>A��ℎ�����  ��	-� 5" R&.�Z ������  ����  E'0 '

 *& )0��
/&
����  ��	-� 5" R&.�Z ������  ���� �'�� *& )0��
/& �� aG3-1 .R��_  �_w	4 x�� ��%  a��e�� O'��
�

1�  $C"��D�� w	4)0&0 ~�Q
�& $"�/ R] �� �4 E�A x�� �� ����
� 1  0.e) P>�20,3,3.( 
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 C�N�PQ��  ���� ����  

,	H'�� �J&�& $"�/  ���� �"& �0 )�eR��A )��%0  1<�/�"* d"&�e ��	C�)�"& 1� )�e �*�/ �] �e��.  ��% )0&0 �	C�4
 1	�Y4.Jr R�QQ>
� d/.4 1/�/& O'��K ���*�	A ax�� O�Q>�� ' 1-K&' 1<�/�"*$/&. ,	H'��  0�.� $"�/

,Ye �0 ���� �"& �0 )0��
/& G3-2 �e )0&0 R��A) $/&.  
 �"0��� ��A�	� ���� �"& �0 O���# W��
eN 60 1� )��] $/0 �� 1�
"& PY_ *& �D �e�� $/&. �.�A�
%  �0 �D

 W'� P>�� ��� �"& �D $/& ��
-� )��C".A a�e R�	� �� �&�� !/��� �"0��� �%  �		-4 �0 ��	N��D x�� w	4)*�+  �&
1� ��e��. E�N � �0 a�e (��� �"& *& P	� �D 1"�%$/& )�e �
H�N ��D �� �"* ���� 0�.. 

  

 j�:1 : c�� d��F  ������)� !��$�  

R��_  �_,	H'�� ��	-� *& 5" �%  P>� �0 �%20,3,1  &�t�#�& 1� $"�/ a�"�
A  R&.�Z �� $C"�� x�� w	4F ����  

���� 0.e.  �"&,	H'�� �A.N ��  d"&�e �D �%0 R��	
�& �4 )�e @�>
A& �& x�� w	4F A �&�K��1
 �e��.  ��2 �"& ��
�
H�N )�"0�A ,
Z �0 ��
�D �"& �"��A 0.e.  

 j�:2 : c�� d��E  ������)� !��$�  

R��_  �_,	H'�� ��	-� 1��
4 �D �e�� �& �"8 ,��e �
�N ��%  P>� �0 )�e20,3,2  &�t�#�&  $"�/ �"& a��D

1�  R&.�Z �� $C"�� x�� w	4E ����  ���� 0.e. /� �"8 ��	-� �"* �0)�e ��
�D E�A 1  $/&) �
C��� $A.H �� �
�
1� R��A  ���	-� �D �%0t�#�& )��A  $/&:(  

  
 F"AG3-2 F�&�$8 !.(�$�< : $�����������+�� �@9�  ����@/  $�����N 60 (ASTM 

1586). ���B: j��  ���� ��PQ 
��� $� c�� ��=USCS (ASTM 2487) ��� �+&$: ��@/. 
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��
���< 500 lb/ft2 (24 KPa) w ≥ 40% PI > 20  H > 10 ft (3 

m)  
E�A :�  

  

��
���=1b200 lb/ft2 (57,5 KPa)  w = 16%  PI = 27  H = 11 ft 

(3,35 m)  

 �"82  

��
���= 400 lb/ft2 (19 KPa)  w = 34% PI = 23  H = 12 ft 

(3,65 m)  

 �"84  

  

 �"82  ' R] )��A 1�Y%* 1e�� $�'��� ' $�.�� �`�0 :�/& �� �"84  d"&�e ��&' aR] $�.�� �`�0 :�/& ��
1
A �e��.  

�"8 *& 5" m	% �D R] ,	+0 ��  &� E�A 1/� �"8 ��%��	-� 1��
4 a�%t�#�& 1
A  �0 ��D0.� O�.` �� $"�/ �"& a���D

 x�� w	4E 1
A �&�K 0�	N.  

 j�:3 : c�� d��A  bB  �� c�� d��C b Db E  ������)� !��$�  

 a�;2�� �"& �&�� W'�� ���  x�� w	41� �		-4 &���D.  ��D0.� O�.` �� W'� �"& *& )0��
/& x�� w	4A  �"B  &�
1� 1��
C� ��D .R] &�"* 1� 1e�� i.� $Z�/ �"�� �� �%  ��e��.  

 �+0�-� �0 0.�.� BJ[Z *& )0��
/& ��20,4-2  ',	H'��  �'�� �0 ����G3-21� $"�/ a  �"* O�.` �� �A&.4����  

���� .e0 :�+0�-� *& )0��
/& �� 20,4-2  �&���= 100/8,65 = 12 � ���  R&.�Z �� $"�/ &M+ ' )��] $/0 �� x�� w	4

<15) E (� ��� ����  ���� 1� 0.e.  

 �'�� �0 0.�.� �"0��� :�/& �� �D 14�YAG3-2 )�e )0�'] �"* �0 a$/& )�%��� ,��K $/&:  

• �� ��&�� 0�&�A�
/& �.�A �&��� 50 blows/in )164 blows/m ($/& . �	N �A.
A 6K.4 ,<� �0(85 ft) )26 

m ( B
"^D�� �&���100 blows/ft )328 blows/m () P>�20,4,2 (�
H�N�GA�0 )�e $/&. 

• "& a1/��e �	�* O�Z[�& :�/& ��� �A.
A 6K.4 ,<� *& O���# W��
e  j
Z �4 �	N100  O.H)30 m ( ��D ��

 �4 �
H�,	H'�� 
A ,	
Y4 &� $"�/�"� .�"8 &M+  �&15  14.H)4,5 ��
� ( O���# 0&�-4 ��100 blows/ft )328 

blows/m ($/& 0.�.�.  

 C��*G3-2  k�� �/G�� ���  
d i / N i d i (ft)  N i 

(blows/ft)  
)���C_   �K�H

1N���C_  

*  

 ��&MN E�A
��/ �" x�� 

  

�"8 )��
e 

  

0,41  7  17    X  SC (FILL)  1  

1,22 11  9  X    CL  2  

1,00  13  13    X  SC  3  

4,00  12  3  X    CL  4  

1,13  17  15    X  SM  5  

0,58  15  26    X  SP-SM  6  
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0,16  10  62   X  ��/  7  
0,15  15  100    X  ��/  8  

8,65 l.
c�  100l.
c�    
�� =100/8,65 =12  

 
 ��@� �� ��$n���PQ  ���� ����  

R] 0.�' ��  �D,	H'�� )�"& ��	C� ���� �"& �0 )0��
/& 0�.� $"�/ 1� )�e �*�/ �] R��A a�e�� ��2 �"& �� �D )�e )0&0 

 $"�/ 1H�D 1/��� �� *�	A0�&0 0.�'. )0&0 d�H �N&  j
Z BD ��% �A�
N *& �%(B-1) 1� 0.�.� *& (&�� a0.� 0.�' 

 �0 �
H�N �&�K E�A 1/� �"8B-2  'B-3 1
A \;�� �e.  

 d/.4 ��
2&�` �D 1
g� O�G2[� ��"0ASCE 7 �A )0&0 Pe.�)� 1� �"* 0�&.� ,��e a$/& �e��:  

•  l'�e ,<�,	H'�� )*�/ �&�� $"�/ ��	�* z�/ �"* ��% 

•  $"�/ z	�C4 ���A�� !	D�4 1�A.�_)�^"�D�� ' ��&0�� x�� (�$"�/ ,<� �0 

•  12&�� 7/�� 6	� W'� ��	N��D �� 1�A.�_))*�+ ,	;<4 �
H�" B	
-4 )�e )0�/ �& ()*�/ 0�.� �0  �� \K&' ��%

1� 
Z ��%' j	 

•  6	`.4 1�A.�_,	H'��  �	X
� ��	C� $"�/ ��%) ���� R&.�Z �� �GA *&' �"8 $��>#/O�Q>�� �" ( 5" �0

n'��� $"�/.  

 C�N�4 :$+����8 ���I� ���< ��= ,<$
  

R�+A bC�N� ��� ��  !-�$Q ���8 !9�Q ��=SDS  �SD1  �� ���� �� ��$�Savannah  bGeorgia 

!� ��� �� ��i. � $����� ����T�� <� ,��9+�� �� !+�� ��@/ �� ��+�  �� �@*@� C���* � �=

ASCE 7 ���< 1��<�� o�@� �  ����&� j$� �� pq� � ,�A ���I� !P�$�� ��@/ ��  !���A

,�A �\ b�+&�� �I�@� ,�.+� �J��� ���.  

�	�* 1/�/& ��%�
�&���  �0 )*�+ASCE 7  *& ��4���ZS S  'S1 .S S  1�	� @�
e"D 0."�� ��)�4." (T = 0,2 s)  '

S1  0."�� �0 1�	� @�
e1  �	A�U(T = 1,0 s) )*�/ �&��  $�/ ��/ �� \K&' ��%) x�� w	4B (1� �e��.  �"&

@�
e  :�/& �� )�e �
H�N�GA�0 �+^+* �"�
N�^� �"�� �� �%��� (MCE R )  �0 $eMN&�H ��

2& �D �A�&.
/&

50R] �&�� ��/ ���"��4 �% �� ��&�� 2 %1� ���e.  

S S  'S 1  ��O�.` ��%  1�;
>��0 ASCE 7 �
H�N �&�K )0��
/& 0�.�  �A&Bg� �D �
�&��� �		-4 �0 R] �"�4  ��%

 12&�� z�/ �0 @�
eSDS  'SD1 1� �e��. @�
e  $"�/ !"�# �.
D�H 5" ,��e 12&�� ��%)Fa  �"Fv ( �D
O�Q>�� O'��
�  x���� :�	K �0 )0�'] @�C2 �� &� $�/ ��/a ' A^	  !"�# 5"2/3  �� �D*��  �"�� ��UV�

MCE R  &��	"�� ��
�CA z�/ ��  W*�+ �4E�A ��  12&�� �"�� �+^+*(DBE) 1� ,"��4  a��D1� e����.  $"�/ !"&�#
R'�0 j"�� *& )0&0 �"0��� 1��"  �'&�� �0 )�e11,4-1  '11,4-2 1� $/0 �� "]��.  

S S  'S 1 ���A j"�� *&  �%) ��% ,Ye22-1  '(22-2  ,QH �022 1� $/0 �� ��"]. ���A �	"�� (.#' ,	+0 ��  a�%

 �"0���S S  'S 1 ���A *& �D )��] $/0 �� �% ��e�� 1�"��4 ��	C� $/& �Y
� a�A&.  �"0��� �		-4 &M+S S  'S 1  ��

�	�* R��*�/ d/.4 �D @' �� 1�
�� ��4.	{��D ���A�� 5" *& )0��
/&  )�<
� O8�"& 1/��e(USGS) 4 a)�e �	g
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�'&�
� 1� �4 �e��. B% ���A�� �"& 	�_� 1�  $"�/ !"&�# �&�� ��"0��� �A&.4F a  'F v �%0 $/0 ��.  ���� �"&

���A *& )0��
/&  ���A�� *& )0��
/& �� s{/ ' )0&0 R��A &� �'&�� ' �%USGS )�e ���A*�� $/&.   

C�N� :���< $����� �+&��  �� !+��� ��$� ,<$
Savannah  bGeorgia  

 x�� l.A *& 1
"�/ ���� �"&D  �ge �^D�� $
CK �0Savannah aGeorgia 1��GA�0 &� 0�	N.  :.A�	K& �0 �A&'�/

 R�	� *�� @.�� �0 $/�0 as;�&South Carolina  'Georgia \K&' )�e $/&.  F"AG4-1  1A�Y� $	-K.�

)��
/ �� &� R�

��/ 1� R��A 5_.D �& �%0. ���A �0 �
CYe d� ��%  �.
A�DASCE 7 $+�"& R�	� *�� L�-�  �%

1� �e��.  �0 5_.D �H�#& �� $�[Z F"AG4-2 (a)  'F"A G4-2 (b)  ��Ye& *& B	�
C� �.� �� �D22-1 

)�e �
H�N  ���A �'� �� &� $"�/ $	-K.� a$/&  �.
A�D ��%ASCE 7 1� R��A �%0.  

F"A G4-2 (a) 1� R��A �� �.
A�D �� 5"0^A �A&'�/ �D �%0 ���30% (0,3 g )  �� ��&�� 1��
e &M+ a�
H�N�&�K0,3 

g  �&��S S �
H� ��D �� $/&. F"A G4-2 (b) R��A 5"0^A �0'�2 �4 �A&'�/ �D $/& R] )��%0  ����� �.
A�D �� �4

10% (0,1 g )  ����� �.
A�D �� $�CA15% (0,15 g ) '� �"& *& ' )0.�  �&��S 1  �&���0,12 g H� �%&.� ��D ��$. 
�
H�N �&�K )0��
/& 0�.� �A&'�/ �&�� �"* �"0��� a�`[� O�.` ��  $/&:  

SS = 0,30 g  

S1 = 0,12 g  

  
 F"AG4-1  �� !��)+��� ����Savannah  bGeorgia  
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 F"AG4-2 �@+��   ��$� !9�Q R�+A ��=S S  �S 1  ��Savannah  bGeorgia  

  
 F"AG4-3 1���  ���� '��$0 ��$� !���F a  �F v  

  

$"�/ !"&�#Fa  'Fv  �'&�� *& !	4�4 ��11,4-1  '11,4-2 )�e �
H�N �A&.  �'��11,4-1 1� R��A  �&�� �D �%0

 x�� w	4D �"0��� R�	� �4 $/& E*8 aF a = 1,6  �&��S S = 0,25 g  'F a = 1,4  �&��S S = 0,50 g 
R'�0 0�	N O�.` 1��".  ,YeG4-3 1� R��A  �D �%0F a = 1,56 $/& . R0�'] $/0 �� �&��F v  �� *�	A ^	A

R'�0 E�cA& 1� 1��" �e��.  ,YeG4-3(b) 1� R��A  �D �%0F v = 2,32 1� �e�� . a$"�/ !"&�# �"& *& )0��
/& ��

�
�&��� )*�+ ��% 1� ��/�<� �"* O�.` �� $"�/ �
H�" �"��4 �& �A.e:  

 �
��I�11,4-1        SMS = FaSS = 1,56(0,30) = 0,468 g  

��I� �
11,4-2        SM1 = FvS1 = 2,32(0,12) = 0,278 g  
R'�0 �_�N&  �'&�� *& 1��"11,4-1  '11,4-2 1
A ,Y��  a�e�� ��&1
A �GA �� $2&� �0'�2 �4 �/� . a,	+0 �	
% ��

�0 �'&�� �"& *& ���"0 l.A  �)�)01  �0 @�
D �"& *&C���* GA-1  �GA-2 R] �0 �D  �'&�� �0 !"&�# �%

�&� �� 1;`&R'�0 ��% �� )�e �"^�"�� 1��" )�e )0�'] a�A& &$/. )�e ���A*�� �"* O�.` �� ���� �"& $/&:  

 F"A <� ,��9+�� ��GA-1  C��* �GA-1:  

Fa = 1,8 − 0,8 SS = 1,8 − 0,8(0,3) = 1,56 

 F"A <� ,��9+�� �� �GA-2  C��* �GA-2:  

Fv = 2,8 − 4,0 S1 = 2,8 − 4,0(0,12) = 2,32  
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�"& &�� �% �D ��
C% ��"0��� R�
% ��*& )0��
/& �� R'�0 )�e �		-4 1��"  �A0.�.  

)*�+ �"0��� n�H �� �"��4 �& )*�+ �"0��� a$"�/ �
H�" 1� $/0 �� �"* O�.` �� 12&�� �& ��"]:  

 �
��I�11,4-3        SDS = (2/3)SMS = (2/3)(0,468) = 0,312 g 

 �
��I�11,4-4        SD1 = (2/3)SM1 = (2/3)(0,278) = 0,185 g 

 aO80�-� �"& �0 �D $/& ��'�# �
YA �"& �
e&0 0�" ��S D S  'S D1  �2&' !C2 ��g 1� R�	� �A.e.  �"&�����

 �N&g = 386 in./s 2 a�e��  &M+S DS = 0,312 × 386 = 120,4 in./s 2 1� 00�N.  E.g�� �"& �� �;yC� �"&

1� 1�	� @�
e L�-� O&���Z �"& �D �N*�/ a��e��$/& �.  1
K'S D S  'S D1  �"�� W�� !"�# �		-4 �&��

 12&��C s  �+0�-� �012,8-2 )���� R&.�Z �� ( a�A'� ��D ��R] *&  O�.` �� �%"�
�&��� @�
e ��%"  �"& �0 ' )�e 0�"

1
A a��	�* ���" v	Q>4 O&���Z �� ��2&' m	% $C"��. aR�CY" O���Z 5" �&�� �%�2&' ��N*�/�A )0��
/& �"& 

1� �>CA �0 $C"��  ��-� ��%ASCE 7 0�	N �&�K �G2[� 0�.�.  

,<$
 '��.� <� ,��9+��  ��USGS 

���A R&��H ,	+0 ��  �0 j	K0 �.
A�D ��%ASCE 7-10 R0�'] $/0 �� a�"0���  1�	�S S  'S 1  ���A�� *& )0��
/& ��

 @' $<4"���A 12&�� ��%"  d/.4 )�e �	g4USGS )0�/ �8.
-� 1� �4 ���e.  �&�&0 !/�<� �'�2 @' �<�`

 �"* :�0]$/& :designmaps/gov.usgs.earthquake://http . �
	
#B  �0 1�	K0 O�Z[�& �
�%&� �"&

 �� ���&����A�� USGS 1� �&�K ��	
�& �0 �%0.  

���A ���A�� �&�� 1;`& �<�`  �0 12&�� ��%"AF G4-4 )�e )0&0 R��A $/&. )0&0 0�&' ��%  ,��e ���A�� �� )�e

�	"] \��� ��/  12&�� ���A)ASCE 7-10( aW�&^N R&.�Z ax�� w	4 a����  ���� ���  1"�	H&�X� n�Z ' �.� '
1� $"�/ �e��.  �.� �"0��� �D $/& ��'�# �
YA �"& �
e&0 0�" �� a1"�	H&�X� n�Z ' �.� *& )0��
/& E���%

X�1� 1"�	H&�  0.e 0�&' 1��� �0�Z O�.` �� $C"��)0�&0 �&�K ���� ��g�+& 6QA @�o �0 $"�/ &�"*.(  

���A�� USGS B% �	�_ $	;��K ��/�<� �.
D�H ��% w	4 x�� F a ' F v ' �0 �c	
A R] �"0��� @�
e 12&�� S 

DS ' S D 1 &� &�&0 1� �e�� .�&0.
A 6	� 7/�� 12&�� ),Ye )11,4-1 B% 	�_� �� $��H ��% 1A.N�A.N �0 �"& 
���A�� ,��K :�
/0 $/&.  

)0��
/& *& !/�<� )*�+ �& USGS �&�� ���� �.H �DM+& �0 ^D�� �ge Savannaha Georgia �� �".Q4 )�	�D 

)�e $/& .�&��� �.� ' n�Z 1"�	H&�X� �&�� w	4 x�� D 5"0^A \���4 R���	� Anderson ' R���	� East 

Broad �� O�.` "*� $/&:  

���0 32,06  =n�Z 1"�	H&�X�  a���0 − 81,09  =�.� 1"�	H&�X�  
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 F"AG4-4 ,<$
 '��.� <� !�/� �.9/  ��USGS  F"AG4-5  ��� �� �� ,<$
 ��=$+����8

,<$
 '��.� <� ,��9+�� �� ,��i  ��USGS 

^A �"0��� �"&0��] $/0 �� 1
/0 O�.` �� �D $/& ��"0��� �� 5". &",��K �c	
A � P	� 1� 1�	� �e��.  ��	N��D ��

)0�/ ��	C� !/�<� 1� ��� n�-� �0 �

D ' )0.� 1
/0 W'� *& �4 1� )0&0 z	��4 1;D O�.` �� &M+ a�e�� 0.e.  
  

 C�N�5 :��+�J� U��8 H�Q �� �I�@�  

 �� `a�� !+��� ��$� ��+�J� U��8 H�Q �� bC�N� ��� ��Savannah  bGeorgia  ��
@�

,�A ���. �Q �� C��@� U��8 H�Q F��.� k�� �� ���+2� ��@/ �� ��+�J� U��8 H) 7;�

12,9 (���8 1�@�� �� � U��8 �s;���� F��.� �� ,<$
 ���< 1�@)� 
���� ��$� �� ) Ft&16( b

!� ��$a ,��9+�� ��@� �$�: .  

 ,<� R�
% *& ���� �"&Savannah  aGeorgia  ���� �0 �D4 )�e R&.�Z 1� )0��
/& a0.� �D�.  �0 \K&' $"�/ �"&

 �ge ^D��Savannah ' )0.� �&�&0  x�� w	4D 1� �e�� .�
�&���  ��%�	+'&  !/�<� *& )0��
/& �� �D )*�+ �	�*

)*�+  �&USGS )��] $/0 �� �A&*& ��4���Z a:  

S S = 0,313 g   S 1 = 0,120 g 

F a = 1,55   F v = 2,32 

S MS = 0,484 g   S M1 = 0,279 g 

S DS = 0,323 g   S D1 = 0,186 g 

 ,Ye �0 12&�� 7/�� 6	� �	+'& ,Ye11,4-1  *&ASCE 7 )�e )0&0 R��A $/&.  �&�&0 6	� �"&4 1� ���e �e��:  

1.  �	� �0.-` ' B	�
C� d� O�.` �� 1�>�T = 0  'T = T 0 ) �+0�-�11,4-5(a 

2.  1�>� �	� $��U @�
e ��T = T 0  'T = T S ( S a = S DS )a 

3. �	2�A  �& ��"$��U $Z�/"  �	� 1+'^A 'T = T S  'T = T L ) �+0�-�11,4-6(' a 

4. �	2�A  �� �&"$��U R�Y� �		X4"  *& �-�T L ) �+0�-�11,4-7.(  
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 �"&4 @�
e d/.4 6	� *& ���e  12&�� z�/ 1�	� ��%S DS  'S D 1  �+0�-� j"�� *&11,4-5  ���e �	+'& �D

1� 6	`.4 &� 6	�  d/.4 ' ��D" 0."���
A&�� 1A8.� 0."��" T L ���A *& �D  ,Ye �.
A�D ��%22-12  �422-16  ��

1� $/0 1� ��
�D a�"] 0.e.  ���
A& �&�� 1A8.� 0."��Savannah  ,Ye *& �D22-12 1� $/0 ��  ��&�� a�"]8s 
$/&.R�

��/ �&�� �g�4 1N�^� ' 1A8.� 0."�� R��_ L��-A& ��	C� �" ��;� ��%  �&�� �" ' �"M�D�2 �0 O�-"�� $

1� ��D �� R*�>� 0'�.  

0."��  ��"0 1+��
A& ��%T 0  'T S  P>� j��11,4,5 1� ��/�<� �"* O�.` �� �A.e:  
TS = SD1 /SDS = 0,186/0,323 = 0,576 s 

T0 = 0,2TS = 0,115 s  
 �0 1�	� @�
eT = 0  �+0�-� d/.411,4-5 1� $/0 �� �"]. �Y	����% T = 0 �e���
e �+0�-� �"& a ��&�� 1�0,4(S 

DS) = 0,4(0,323) = 0,129 g 1� �	+.4 ��D. 1� 12&�� z�/ �0 �	�* ��	�	� @�
e *& 1�"��4 a�c	
A �"& �e��. 
j	K0 �"0��� 1� �	�* ��	�	� @�
e �4  ��Ye& �0 �A&.422-7  �422-11 0.e �G2[�.  

 �&�� ,��D 7/�� 6	� x�� w	4D  �0Savannah  �0 B	># 1�� ��F"A G5-1 )�e B/� $/&.  6	� �"&

 0."�� ��D&�2 �&��4,0 s  �� ���e �c	
A �0 ' )�e B	/�4"$��U R�Y� �		X4" )��A )0&0 R��A �&0.
A �'� ��  $/&. 

�� �&�� 7/�� 6	� 0."�� �"0��� O�.` �� 1+'�� �0 �8.
-� ��4.	{��D ���A�� 5" �0 ��	N��D - )0&0 R��A a@�
e

1� 0.e. �"& a0�&.� 1�-� �0 �	 ��D0.� O�.` �� 6)0��
/& ��  �"0���S DS  'S D1 1� �	+.4 0.e.  

  
 F"AG5-1  ��+�J� !-�$Q U��8 H�Q( R = 1, I e = 1)  ��$�d�� c�� ��=  �� �  H�+;�

 1iS S = 0,313 g  �S1 = 0,120 g !� �A��.  
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 C��*G5-1 $�����  !9�Q R�+A( R = 1, I e = 1)  �� !��"� ��$� c�� d��D � �Savannah 

 bGeorgia  

  
 C��*G5-2  ��+�J� !-�$Q U��8 H�Q ��=$+����8( R = 1, I e = 1) �+�� ��$�  ��=

 1i �� �  ���� 1@:��@:S S = 0,313 g bS 1 = 0,120 g !� �A��  

  
*& �'�� �	g4 E���% �D $/& Bg� �'� P>� �0 1H�D (.#' a1�	� �"0���  1�<�� ��%0.e B%&�H. 1�	� �"0��� 

 $"�/ �&�� &^c�Savannah  �0 C��*G5-1 )�e )0�'] $/&. 0�
A d/.4 �	�_ B% ���A �"&  �� 1-��� ��%

 6	� �'� x�� w	4D  �0 F"AG5-1 )�e )0&0 R��A �A&.  7/�� 6	� �D $/& ��'�# �
YA �"& v	>�4

 $	
%& !"�# d/.4 a���� �"& �0 �
H�" �-/.4 5	
/8&I e  7/�� ([`& !"�# �" 'R 4)��A ,"�- $/&.  *& )0��
/&

 ^	� �"��4 �
�&��� ' �%�
�&��� �"&C d  P>� �012,9,2  *&ASCE 7 )�e 6	`.4 $/&.  �.G�� �� �g�4 7/�� 6	�

 �0 aR0.� �".N F"AG5-1  �&��w	4 x�� ��% A aB aC  'E )�e )0&0 R��A B% $/&. �
�&���  )0��
/& 0�.� ��%

 �0 1�<�� �"& B/� �&�� C��*G5-2 )�e )0&0 R��A $/& . ,YeG5-1 1� R��A  �D �%0 x�� w	41�  �U& �A&.4

1� )*�/ �D �	�* @�
e *& 1<�/ �� 1�	
Z �
e&0 a0.e 12&�� R] �&�� $C"�� �e��.  a)�e )0&0 ���� 0�.� �0S DS 

 �&�� x�� w	4D a1,55  ����
� �&��� ��&���&��  �D $/& 1
+�2 x�� w	4 ��&��B �e��. D 1����% � x�� w	4 *&

B  ��D 1� �		X4  a��DS D1  )*&�A& ��2,32 1� P"&^H& ��&�� ���".  
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 C�N�6 :�< �<�� 
������ U��8 �s;���� F��.� ��$� ,<$
  

 Ft&16  <�ASCE 7 j<J ���$�� ��  ���+�� �� !(�$�u U��8 �s;���� F��.� �� j�v�� ��$�

!� ��$a �=�. ���.� ���\ �� !�/� ���*� ��)* <���@)v� R�;+�� b! ���< <� '���� �� ,<$
  � �=


���� 1i �<�� !� �= �A��. 
���� k�� $� C�N� ��� � $)� 7�8 �%�� � ,�@� �<��  !�a��- ����<

���< R�;+�� ���i$& <� !�$��� �� ,<$
 �$�:. k�� 
���� ��=  ��I��� F��.� ��$� �<��(2D)  �

 ��I� ��(3D) ,�A ,��� 1�T� ��� .
���� �� F��.� ��$� �<��  C�N� �� ��I�21  1i �� � 

�+&� ��  �� b,�A j�v�� ,��� !T)� R�a �� ��$� C��@� U��8 �s;���� F��.� �� ���.  

:�	�� W'�  �0 1A�

��/ 0�.� �0 �*�/Savannah  aGeorgia �
H� ��D �� $/&.  12&�� )'�N �0 R�

��/ �"&

)*�+  �&C  x�� �'� �� ' �
e&0 �&�K	4w D $/& \K&'. )0'�<� �0 $"�/ �"& 10  �
���e ,CN m	% ��
�.;	D
)�e 0�&�A �&�K �& .�+^+* �g�4 &M+ )�e �
H�N�GA�0 ,CN *& �'0 ��% �A&.  

@�
e  12&�� z�/ 1�	� ��%) P>� �� 0.e �-�&��11,4,4 (1� �"* O�.` �� ��e��:  

S DS = 0,323 g  

S D1 = 0,186 g  

:�	�� W'� 	;<4 �&�� �*�/ ,2D  '3D )�e )0&0 R��A $/&.  

���< R�;+��  ,<$
 �=  

P>�  ��%16,1,3,1  '16,1,3,2 �	�* @�>
A& !	4�4 ��  ,	;<4 �&�� �*�/ :�	�� ' )*�+2D  '3D  Pe.� &�
1� ��%0. �	�* a0�.� '0 �% �0  )*�+ 1� �% 0�.D� *& $C"��  ' ,CN �4 �;`�H a�N�^� �&�&0 �"�� ' )�e @�>
A& 1-K&' ��%

�
H�N�GA�0 �+^+* �"�
N�^� �D ��e�� �0�&.� �� ��N*�/ 1�;CN E^	A�Y� 1� ��
�D &� )�e ���D.  

�	�* *& 1�;
>� \���� )*�+ $�U ��% 0�&0 0.�' )�e.  a���� �"& �&�� 0�.D� �Z.
c�NGA  d/.4 �DPEER  �	g4

�
H� ��D �� a)�e $/&. 0 )��"�� )�e 1A�/�*'� �� �>CA a0�.D� �Z.
c� �"&)0&  �.K )*�+ �	�* ��%PEER 1� �e�� .

0�.D�  ��%NGA  $"�C�' �0nga/edu.berkeley.peer://http 1� 0.�.� ��e��.  �.4.� �&�&0 $"�C�' �"&

1� B%&�H ����D �&�� &� R�Y�& �"& �D $/& 1".c
C� �	�* �4 0�']  )*�+  E�A :�/& �� &� �%)�[�� Northridge (
��D .c
C� �;`�H ' a�N�^� )0'�<� .�	�* 0�.D� �Z.
c� �%  BJ�K @�
e 0�.D� 5" ' 1�H& 0�.D� '0 ,��e )*�+

1� �e��. 1
A �&�K )0��
/& 0�.� ,	;<4 �&�� ���.
Z BJ�K 0�.D� 0�	N. )0&0 )��"�� a���� �"& �*�/ )0��] E���%  ��%

PEER NGA  *& P	� �'�23500 
c�0.� 0�.D� �Z..  �
	
#C  )0��
/& 0�.� �0 1H�#& O�Z[�& a�
�%&� �"& *&

)0&0 )��"�� ' $"�C�' *&  ��%PEER NGA 1� �&�K ��	
�& �0 �%0.  

 P>�16,1,4  *&ASCE 7 1� ����  ,K&�2 ��	N��D �� �� *�	A �D 0�&03 1� ,	;<4 �% �0 0�.D� �Z.
c� �e��.  �0
�Z.
c� $�% *& �

D �D 14�.`  0�.D��
�&��� a0�	N�&�K )0��
/& 0�.�  12&�� �&�� �D 7/�� ��% �&�K )0��
/& 0�.�

1� a�A�	N ��	�	� �"0��� ,	;<4 1��
4 *& �D ��
C% �& �A& )��] $/0 �� �%.  0�.D� $�% *& P	� �" $�% �D 14�.` �0
�
H�N �&�K )0��
/& 0�.� 1� 12&�� a�e�� �� �	�A�	� �"0��� :�/& �� �A&.4 0.e E�cA& ,	;<4 *& )��] $/0.  ,	+0 ��

�	�* $�% *& P	� �" $�% *& )0��
/& �8�

2& a��� �"& 0.�' �e�� �	�� �0�"* 0'�2 �4 )*�+.  ��2 �&�� ��2 �"& ��
 �/ �g�4 ���� �"& �0 1N0�/�
/0 �	�* $/& �
H� ��D �� )*�+.  
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�	�*  )*�+  �0 ,	;<4 �"& �&�� )�e @�>
A& ��%C��* G6-1 �	�* ��%�
�&��� '  �0 )*�+C��* G6-2  R��A

)�e )0&0 �A&. R] ,	+0 ��  �;`�H �D�	�* z�/ �4 �+^+* 1A.A�D ^D�� *& P	�10 km �	�* �"& *& 5"�% a$/& )*�+  �% ��
)�e ��<+ ,CN *& �'0 0�.D� O�.` �A&. 

  

 C��*G6-1 ��@)v�  ��@ � F��.� ��$� ,��9+�� ��@� ��=  

  
 C��*G6-2 �T����@)v� ��  ��@ �  
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 F"AG6-1 �
�
< ��$� R�+A �PA H�Q ,�A R�;+�� ��=  

�	�* *& 5"�% )*�+  x�� �'� �� �% w	4D E^	A�Y� ' )�e $�U  \��� ��%),CN l.A (�0 �D ��
C% 14�.` �� C��*

G6-1 )0&0 R��A )�e $/&. �+^+* ��N�^�  )0'�<� �0 �%6,5  �46,7  *& �

D �0'�2 �4 �^	_ R]1� �D $/&  R&.4

)�e �
H�N�GA�0 �+^+* �"�
N�^� �&�� (MCE)0.
A ��<+ a.  z�/ �0 0�.D� 1
D 0&�-4 ��2 �"& ��MCE  0.�.�

�"& �D $/& ��D $"��D �"�� �%.  

 1J&�	� �� @�
e ��e 7/�� 6	�5 �	�* �% 1�H& ��+V� '0 �&�� �`�0  ��Ye& �0 )*�+G6-1(a)  �4(c)  )0&0 R��A

)�e $/&.  �"& ���A�� *& )0��
/& �� 6	�NONLIN )�e �	+.4 $/&. NONLIN ,"�H $/& �0�K  )��"�� ��%

)0&0   ��%PEER  �A.C� �� 1�
� ,"�H 5" O�.` �� �D 14�.` �0 &�"nga" )�[�� (Northridge.nga  )�	��

�A&.>� a�A.e. 6	� �"& :�/& ��  �+^+* 0�.D� �D $/& z#&' �%Northridge$/& !+�o a.  

���
�  F��.� ��$� �<��2D  

 ,	;<4 �&��2D�.K a ��+V� �"�4 �	�* $�� �% ��% 1� �&�K )0��
/& 0�.� a�	�* ��	�	� @�
e !C2 �� )*�+ �A�	N. 
��+V� �"& 1� �"* O�.` �� �% ��e��:  

• San Fernando 090, 

• Imperial Valley 352, '  

• Northridge 279. 
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 F"AG6-2 H�Q �+� �� H�+;� ��=
���� ���i$& �v  �<��2D ���<  ,<$
  

��"^N a)0��
/& 0�.� ��+V� @�>
A& �&��  a)*�/ 1/�/& 0."�� �0 @�
e ��e a�	�* $Z�/ ��	�	� �;
� *& ���"0 ��%
,	;<4 ���c4 ' O'��K �" 1�	� ,Ye $/& )0��
/& ,��K �N.  

�.K �&�� 6	� �	�A�	� ' @�
e ��e 7/�� 6	� ��+V� �"�4  �0 �%F"A G6-2 (a) )�e )0&0 R��A $/&.  P>�

16,1,3,1 1� ���� �	�* �D 0�&0  �% )*�+"�A.N ��  1J&�	� �� 7/�� 6	� �&��� �	�A�	� �D 0.e :�	�� �&5%  �&��

�Z.
c� 0�.D� *& �& 0."�� �&�� $"�/ �&�� 12&�� 7/�� 6	� *& �

D �%  )0'�<� �0 1"�%0,2 T  �41,5 T �e��A". 

% *& 0."�� ���.
Z1� �		-4 1;	;<4 ��� R� $H�N �%&.� �&�K 7/�� �=>"��4 ,	;<4 $<4 $"�gA �0 �D 0.e.  

R] n�H �� �	�* �% �D 1� 0.� �� v
>� :�	�� !"�# �&�&0 )*�+  R0.
A :�	�� �&�� W'� �0'�<��A 0&�-4 a�e��

�Z.
c� �	�* *& �& )*�+ 0�&0 0.�' �%a �A.N ��  �*�/ :�	�� d�&.# �D �&ASCE 7 �&t�# 0.e.  a���� �"& �0 5"
�;2�� '0 0�Y"'�  �*�/ :�	�� �&�� �&�
H� ��D �� �	+.4 R] $"^� �D $/& �Z.
c�  !"&�# *& 0�H �� �Q<�� �&

:�	�� �Z.
c� �&�� �*�/  $/& �+^+* ��% 0�.D� *& 1Q>��.  
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 j�:1:  

�	�* �% �A.N �� &� )*�+ � �� 1A�CY" 1�	� @�
e �&�&0 �D �	"�
A :�	�� �& )*�/ W�-4�& 1/�/& 0."�� �0 12&�� 6	

00�N . �*�/ :�	�� !"�# aE�N �"& �c	
A �0FP i �	�* �% �&�� 1�;
>�  )*�+i ��] �%&.� $/0 �� .FP 

R��A �	�* )��%0 )*�+  �� )�e :�	�� ��%1� 1/�/& 0."�� :�/& �e��.  

 j�:2:  

:�	�� !"�#  E�A �� ���"0 �*�/S :�	�� !"�# �&�� .
c� �*�/�	�* �% �� a�Z  )*�+FP �A.N ��  ��
Z& �&

1�  �D 0.e:�	�� d�&.#  �*�/ASCE 7 t�#�& 00�N. :�	�� !"�#   1�	D�4Ci �	�* �% �&��  )*�+i aS ��&�� FPi 

1� �e�� .���� 1�
� @�K )*�/ 0�.� �0 0�Y"'� �"&  ��%20  '21  ��&�� 1e�-4�& 0."�� �D1,87 s  ��
Z& a�A�&0
)�e $/&.  

F"A G6-2 (a) �	 )��A :�	�� 61� R��A &� �	�A�	� 6	� ' )*�+ �	�* �% �&�� �%0. )0&0 R��A )��
e  )�e

�	�* *& �-�  BJ[Z z	#.4 $
CK �0 )*�+)�[�� 279  *& �-�Northridge (�	�* ��
A !�K $g�  )*�+1� �e��. 

 �0 �	_ d� ,	�
C�T = 1,0 sa  �	�* 6	�)�e )0&0 R��A �&0.
A �0 &� ��	�* �/��e �  z	#.4 $
CK �0 )*�+

1� �
C�
% aBJ[Z 0*�/.  �+^+* a���� �&��Northridge  �01A�K.H $
CK  P>�B% ' )0.� BJ[Z z	#.4  �	�_
d� ,	�
C� �0 1�<�� �"�48��  1� �	_ �e��.  12&�� 6	� ' )��A :�	�� �	�A�	� 6	�) P>�11,4,5  *&

ASCE 7 ( �0F"A G6-2 (b) e )0&0 R��A$/& )� .0."�� 1��
4 �0 �D $/& v>�� 1�<�� �"& *&  6	� a�%

�	�* 1� �&�K 12&�� 6	� �8�� �0 �	�A�	� )*�+ 0�	N.  

�&���  �0 1�	�T = 1,87 s 6	� *& 5"�% �&�� ' 12&�� 6	� �&�� �	�* ��% )�e )0&0 R��A �"* �0 )*�+  $/&. 

 !"�#FP )�e )0&0 R��A ^	A )*�+ �	�* �% �&�� $/&. :�	�� !"&�# �"& ��
Z& �� �	�* �� �*�/  �� 6	� a�% )*�+

 �&�&0 )��] $/0�&���  x�
��0,0994 g  �0T = 1,87 s 0.� �%&.� . �0 �c	
A �"&F"A G6-2 (c)  )0&0 R��A

)�e $/&.  6	� �	�A�	�FP  �0 12&�� 6	� )&�
% ��F"A G6-2 (d) )�e )0&0 R��A $/&.  

12&�� 6	�:           0,0994 g  

San Fernando:   0,0745 g FP 1 = 0,0994/0,0745 = 1,333  

Imperial Valley:   FP 2 = 0,0994/0,249 = 0,399  0,249 g  

Northridge: FP 3 = 0,0994/0,326 = 0,305 0,326 g  

 :�	�� !"�#S  R] �0 �DS 1� �		-4 �& �A.N �� a0�&0 )��e& 6	� �� �D 0.e  )0'�<� �00,2 T �4 1,5 T% m	

 1�	� �&����	�* 6	� �0 :�	�� )*�+  0�	�A �&�K 12&�� 6	� *& �4 �	"�� a1�	D�4 )�e.  �� )0'�<� �"&T = 1,87 

s ��&�� a0,374  �42,81 s 1� �e��.  :�	�� !"�#S  ��&�� *�	A 0�.�1,181 1� �e��. �.�A�
%  �0 �DF"A G6-2 

(d) 1� �G2[� a0.e ��A1K[4 � ) d� )�"&0 R'�0 �05_.D �	_ ( 1�"��4 0."�� �02,3 s )0�
H& ���4& $/&.  !"&�#
:�	�� �	�* �% �&�� 1"�gA �*�/ 1� �"* O�.` �� )*�+ �e��:  

San Fernando:    C 1 = 1,333 × 1,181 = 1,575,  

Imperial Valley:   C 2 = 0,399 × 1,181 = 0,471,  

Northridge:    C 3 = 0,305 × 1,181 = 0,360  
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F"A G6-2 (f) )*�+ �	�* �� )�e :�	�� ��% C1� R��A 12&�� 6	� )&�
% �� &� �%0.  �"0���@�
e ��e  �0

)*�/ W�-4�& 1/�/& 0."�� 1,87 s aP	� 1
D  *& �0 ����
� �"0��� L�% 6	�1� �e��.  ��& �"0���@�
e ��e  �0
0."��Y_.D ��%�
  �0 6	�)�e :�	�� a�� *& �
N�^� �& �G2[� ,��K *�� �� L�% 6	� �0 ����
� �"0�$/&. 

1� �GA �� �"&����� :�	�� W'� �D �/� �	�* �� �c�� �*�/ )*�+ )�e �0���� ��%  d/.4 �_ R] �� $�CA �D $/&
0.� �0 a0�&0 $+80 12&�� 6	� �.K ��	C� �48�� ��% 1� �4 ��e��.  


����  F��.� ��$� �<��3D  

:�	�� O&���� �	�* �*�/  ,	;<4 �&�� )*�+3D  P>� �016,1,3,2 )��] $/& .:�	�� W'�  ^� �� �*�/O�J���
/& 

 ,	;<4 �0 �D �e�� 1� �^	_ �� ����� a�"*2D �e R�	�:  

١. �+^+* �% �&��   O�-��� l.
c� �M� a�Z.
c� �0 0.�.�(SRSS)  ��/�<� 1�H& ��+V� $�� �% �&�� 6	�

1� 0.e.  ��/�<� E���%SRSS�	�* a � !"�# R'�� )�e $�U )*�+:�	� 0�	N 1� �&�K )0��
/& 0�.� �*�/. 

٢. :�	�� !"&�# �A.N �� 0���� �*�/  6	� �� �&SRSS 1� ��
Z& 6	� �	�A�	� �D �A.e SRSS  a)�e :�	��

 *& �4 �	"��1,0  ��&�� 6	� �&�� 12&��m	%  �	� �0."��0,2 T  '1,5 T 0�	�A �&�K.  

 �� ��.4 ���
YA 2  0."�� ���.
ZT a���-
� $g� '0 �0 ' )0.� O'��
� $g� '0 �0 :�	�� !"&�# �"&����� a 6;
>�

0.� ��%&.�.1  ,	;<4 �&�� 0."�� '0 @�>
A&3D R�

��/ �&�� R] �0 �D 1"�%  ,�.D O�e �� 1�=	� ' 1�A�� 7/�� �%
)�e �e��A )0�/ R&��_ $/& �Y
� a�A&.  

 W�-4�& 0."�� �� 1A�

��/ �&�� �*�/ :�	�� W'�1,5 s  �D 14�.` ��)��] ��&0& �0  )�	�D �".Q4 �� a$/&

)�e $/&.  W'� ��A��2D )�e �		-4 �*�/ :�	�� !"�# '0 �+^+* �% �&�� $/& : !"�# 5"� 1/�/& 0."�� :�	�

FPi �Z.
c� :�	�� !"�# 5" ' $/& 0�H �� �Q<�� �+^+* �% �&�� �D aS�+^+* 1��
4 �&�� �D a $/& x�
�� �%. 

!"�# a:�	�� !"�# '0 �"& @�#  1�	D�4 :�	��S i1� $/0 �� &� a �%0.  

 l.A x�� �'� �� 1�.�� ��	A��	+�D �0 ���� �"& �0 )*�/D �
H�N �&�K $/&.  ��&�� W�-4�& 0."��1,5  $g� �% �0 �	A�U
)�e �
H�N�GA�0 $/& .@�
e  12&�� z�/ 1�	� ��%) P>�11,4,4 (1� �"* O�.` �� ��e��:  

S DS = 0,323 g ' 

S D1 = 0,186 g. 

SRSS $�� �	�* ��%  �	�A�	� ' )*�+SRSS  �0F"A G6-3 (a) )�e )0&0 R��A $/&.  6	� �	�A�	�SRSS 

 )&�
% ��1,0  �0 12&�� 6	� ��&��F"A G6-3 (b) )�e )0&0 R��A  $/&.  

�	+'& E�N �0 ��"]�H a12&�� :�	�� R0.
A �% SRSS �� �A.N �& $/& �D @�
e 1�	� �0 0."�� 1/�/& )*�/ ����j 
�� 1,0 ��&�� 6	� 12&�� �0 R�
% 0."�� 00�N.  

                                                           
1  O&���� *& 14'��
� �	C�4 ' )0.�A 1���� 6;
>� $g� '0 �0 6;
>� :�	�� !"&�# �
e&0ASCE 7 $/& ��'�# . �&�� 0�Y"'� 5"

6;
>� ��%0."�� 1/���  O�.` �� �*�/ :�	�� )0'�<� @�>
A& aR.N�A.N O�g� �00,2 T small  �41,5 T large  R] �0 �D �e�� 1�T 

small  'T large 1� W�-4�& �	+'& 1/�/& 0."�� '0 �"�
N�^� ' �"�
Y_.D ��e�� .1� ��"0 0�Y"'� :�	�� )0'�<� @�>
A& �A&.4  O�.` �� �*�/

0,2 T avg  �41,5 T avg  �D �e�� R] �0T avg $/& 0."�� '0 �	�A�	�.  
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 F"AG6-3 H�Q 
���� ���i$& <� !A�� H�+;� ��=  �<��3D ���< ,<$
  

 �0 1�	� �&���T = 1,87  ��&�� �	A�U0,134 g 1� �e��. )�e �		-4 �"* O�.` �� !/��� :�	�� !"&�# �A&:  

١٫٠ ×12&�� 6	�: 0,134 g 

San Fernando SRSS: 0,223 g FP1 = 0,134/0,223 = 0,600, 

Imperial Valley SRSS: 0,428 g FP2 = 0,134/0,428 = 0,313 ' 

Northridge SRSS: 0,797 g FP3 = 0,134/0,797 = 0,168. 

 6	�FS )&�
% �� 1,0  �0 12&�� 6	� ��&��F"A G6-3 (c)  6	� �	�A�	� 'FS  �0 12&�� 6	� )&�
% ��

F"A G6-3 (d) )�e )0&0 R��A $/&. F"A G6-3 (d)  :�	�� !"�# �D &� 0."�� )0'�<� �	�_ B%S 

1�  $C"�� R] �01� R��A a0.e �		-4 �%0.  
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 :�	�� !"�#S �A.N �� 1� ��/�<� �&  �+^+* 6	� �0 1�	� �&��� m	% �D 0.eSRSS  �	�A�	� )�e :�	��

�	"�� a1�	D�4  *& �41,0  0."�� )0'�<� �0 12&�� 6	� ��&��0,2 T  �41,5 T 0�	�A �&�K.  :�	�� !"�#S  *�	A 0�.�

 ��&��1,896 1� �e��. �.�A�
%  �0 �DF"A G6-3 (e) 1� )�"0 ���A a0.e  1K[4 ���"��4 �0."�� �0 )���D ��
�D

 �� ��&��0,36 s 1� ���4& �
H&. �	�* �% �&�� 1"�gA :�	�� !"&�# 1� �"* O�.` �� )*�+ ��e��:  

San Fernando SRSS: C 1 = 0,600 × 1,896 = 1,138, 

Imperial Valley SRSS: C 2 = 0,313 × 1,896 = 0,593, and 

Northridge SRSS: C 3 = 0,168 × 1,896 = 0,318. 

 1A�CY" :�	�� !"�#) 1�-"1,138  �&��San Fernando (�	�* ��+V� �% ��  :�	�� ��+V� '0 ' )�e ��
Z& )*�+

H�N ��D �� ,	;<4 �0 R��* B% O�.` �� )�e1� �
 �A.e.  �*�/ :�	��3D  �*�/ :�	�� ��A�� ^	A2D  �� �c��

 �
H�" �"��4 ��	C� 1�	� �"0��� )*�/ 1/�/& 0."�� )0'�<� �01,5s 1� 00�N.  

���< �<�� 
���� ��@� �� ��$n�  ,<$
  

 �	C�4 5" �g�4 ���� �"&))��C".A �	C�4 ( O&���� *&ASCE 7 :�	�� 0�.� �0  �*�/�	�*  )*�+ &���A)0&0 R $/&.  �%
,	;<4 :�	�� !"&�# �Z.
c� R�
% a��D )0��
/& )�e �
�N W'� *& �D ��N  �&�� &� �*�/ R]�	�* �Z.
c� )*�+   ��

1� $/0 0�'].  :�	�� !"&�# R] �0 �D 1A�	� E�N ,	+0 �� �c	
A �"&FP 1� ���4& a�
H� ��D �� �
H&. ASCE 7  �"&

,	+0 �	
% �� ' )0&�A �&�K &� ����# W'� *& )0��
/& E���% $/& �Y
� ASCE 7 :�	�� R'��  �*�/FP ,	;<4 a

�	�* :�	�� !"&�# 6;
>� R&�N �A�'] $/0 �� 1�;
>� )*�+.  

 �*�/ :�	��2D  '3D )*�/ �&��  0."�� �� �&1,5 s 1"�gA :�	�� !"&�# a &� �"0��� ��@�
e ��e  �
H�" �"��4 ��	C�

.4 )*�/ 1/�/& 0."�� �0+0�D �	. &1� ���4& ,	+0 �"& �� �c	
A �" :�	�� �D �
H&  �*�/S  �0 6	� *& 1�>� d/.4

 )0'�<�0,3  �40,4-s )�e ��
�D 0.�.  a,	;<4 �0 )*�+ �	�* �/ *& P	� ��	N��D �� O�.` �0 �8�

2& �"��4 !"&�#

1� $/0 �� �

D �0'�2 �4 �A��] .�	�* 0&�-4 P"&^H& �� O�.` �"& �0 &�"* 	� a�% )*�+�	�* 6  �4�&.
% �	�A�	� )*�+
1� �e. 1� �
�+& �	�* @�>
A& �� R&.4 @.;�� :�	�� !"&�# a���"0 ��% )*�+ 0�'] $/0 �� ��4.  �4 �/ R0�D &�	�

�	�* $�% R] �&�� �	�A�	� 6	� �D )*�+ � �	�e �%	0."�� )0'�<� �0 12&�� 6 0,2 �4 1,5 �� a�e�� 1/�/& 0."�� ��&��

 �Y
� W[4 ��&���$/&. �	�* @�>
A& a��] �
YA R&.�Z �� :�	�� ' )*�+  ' )0.� )�	=	� ���"]�H *& 1�>� �*�/
1
A 0.e E�cA& @�c� :��e �+^+* :��g� *& 5
D R'�� $C"��.  

  

 C�N�7 :�+2�� R�;+�� ,<�� ��= ��  

�+2�� !��)� !��$� �� C�N� ��� ,<�� ��J@& ��=  �� 1�)+��� �� ��$� $�B8 j��� ��

�@)v�� !� ����� �� �<��$8. ��1�)+��� � ��� ,�@� !��2"� 1G8 [$Q ����� �= w�9���  ��=

����� !9�+;�.  b1�)+��� ��10  $S�� 1�)+��� � ��PQ4 !� ��PQ �A��.  C�N� ��� ��%+�� ��

�+2�� ��@� �� !��$n� ,�A ,���i $���� ��@�� ��= ���.  

)*�/ B
C	/ �"�
g� v>�� R�

��/ 5" �&�� �& �.
D�H ��  a�0�Y;
Z ' ���
-� O��&^+& �;
� *& �0�"* ��%
��"^% ' $��/ a��D �'�	A 0�&0 1�
C� *�/ ' $��/ ��%. J�C� �"&, )*&�A& �� �&  �D ��
C% �	X
�1/��� ,��K  �"& �0

 �
�%&�1
A ��e��.  �D $/& R] B
C	/ @�>
A& �0 ���"0 �G2[�ASCE 7 $"0'�<� �A&�	�
>/ ��% '� �� �& �
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)*�/ B
C	/ l��4�& ' l.A 1� �D �& )*�+ E'��� 12&�� �&�� �A&.4 )0&0 �&�K a0'� ��D �� �& $/&.  1/��� �� ���� �"& �0

$"0'�<� �"& 1� �
�&0�� �% 0.e.  
 P>�12,2,1  �'�� )&�
% ��12,2-1 B
C	/ @�>
A& �&�� 1;`& �	A&.K )*�+ ��� ��&�� �0 E'��� ��%  ��	
�& �0 &� �&

 �&�K1� �%0.  �'��12,2-1 �
/0 �� )0�
CN ��% B
C	/ �;
� *& �& B
C	/ a����� �&."0 ��%  ' 1A�

��/ @�K ��%

B
C	/ $/& )��] ���� �% �0 B
C	/ l&.A& ' )�e B	C�4 �A�N'0 ��%. $"0'�<�  �� B
C	/ �% *& )0��
/& 0�.� �0 1"�%

 !C2����  ���� )*�+ (��  �&(SDC) )�e ���� l��4�& ' &$/. @�K a���� R&.�Z ��  �.<� B% )�e ������g� ��%

 1+.
-� �08.H) B
C	/3 B
C	/ �
/0 �0 1A�

��/ @�K ��% ( �0SDC F ��
C	A *�c� (NP)  �4 �g�4 '

l��4�&  ��%35 ft  �0SDC D  'E l��4�& $"0'�<� m	% R'�� ' )0.� *�c� (NL)  �0SDC B  'C ��
C% *�c�.  
��� �/ aB
C	/ �% �&���
�& )�e v>�� 12&�� $/&:  

•  7/�� ([`& !"�#Ra  
•  B
C	/ $�'��� �H�#& !"�#Ω o '  

•  ^	� �"��4 !"�#C d.  

	+�2 �0�%�
�&��� �"& *& 5"�% �Y d"&�e 0�Q
K&� 1� �&�K �	Up4 $<4 &� B
C	/ �	Up4 ��2 �"& �� a�%0 �&MN a�.
D�H �"�4 

R 1� !"�# j"�� *& 12&�� �"�� W�� &�"* ��e�� )*�+ 7/��  �&Cs !/��
� �
�&��� �"& �� :.Y-� O�.` �� a

1� �e��.  P>� �0 !"�# �"&12,8 )�e v>�� $/&.  O80�-� *& �Z.
c� '0 ��/�/&Cs 0�&0 0.�'.  �Z.
c� �	+'&
 d�&'� d/.4 �D O80�-� �"& *&12,8-2 a12,8-3  '12,8-4 1� )0&0  �	o 12&�� 7/�� 6	� *& ���e �/ L�-� a0.e

8&1� 5	
/ �e��.  ,��e �+0�-� �%R 1� �CD i�>� �0 1� �GA �� &M+ a�e�� ��^� �"0��� �D �/�  �4R  �� �c��
5_.D �"0��� �� W�� �4"1� 12&�� � �A0�N.  

 ,K&�2 �"0��� aO80�-� *& �
/0 �	�'0 &� �&��Cs 1� $/0 �� ��%0. �"& �	+'&  �+0�-� 1�-" �%12,8-5 �% �� 1���

1� ��D D 0'�6	� @�
e � 1K[4 ���A �0 S1  *& �

D0,6 g  �e��. +0�-� �"&� Cs = 0,044SDSIe ≥ 0,01  \��4

 *& 1
	�
C�R 1
A �e��a  ��&�Y	����% ��^� W�-4�& 1/�/& 0."��  *& �422,7 TS / R  �+0�-� a�e��12,8-3  ��
�D &�
1� ��D.  

/ *& �"* ���� a�"�� W�� O80�-� 0����D R0&0 R��A �&�� �0 )�e )0&0 R��A R�

��F"A G7-1 1� )0��
/& ��D. 

 $+�24  ' ����10 )�e �
H�N�GA�0 R�

��/ ���� $/&.  R�

��/4 ���� R[� �&�&0 ����   ����� �'& ���� l��4�& '

 �� �0 ����
� �"0���1� �4 ��;� R�

��/ �e��. ����  ���� ��� R�

��/ aR�

��/ �����D :�/& ��  ��&��II 1� �e�� .

�	2�A �0 )*�/ �"& )*�+ �� �&  x�� �'� �� ' 8�� ��
�CA �^	� w	4C )�e \K&' $/&. �
�&��� �	�* ��%  O�.` �� )*�+
1� �"* ��e��:  

S S = 0,75 g, 

S 1 = 0,22 g, 

T L = 6,0 s, 

F a = 1,1 ( �'��GA-1  �'�� �"11,4-1), 

F v = 1,58 ( �'��GA-2  �'�� �"11,4-2), 

S DS = (2/3) (1,1) (0,75) = 0,55 g [O80�-� (11,4-1) ' (11,4-3)], 

S D1 = (2/3) (1,58) (0,22) = 0,23 g [O80�-� (11,4-2) ' (11,4-4)], 
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W (  R�

��/10 ���� ) = 22a000 kip, ' 

W (  R�

��/4 ���� ) = 8a800 kip. 

  
 F"AG7-1  1�)+���C�N� ��$� ���8 �+2�� �2���� ��=  

$	
%& !"�# I e  �'�� :�/& ��1,5-2 �� ��&�� a1,0 1� �e��.  P>� �� j�;��11,6  �'&�� '11,6-1  '11,6-2 a

SDC  ��&�� R�

��/D 1� �e��. ��"^% ' 1;<� z�/ �0 0.�.� z+�Q� 1/�*��  �D $/& )0&0 R��A ��D �'�	A ��%
)*�/ B
C	/ 1� �& 0.e �
��/ 08.H *& $C"��. )*�/ B
C	/ �% 1� �& A&.4 O�G2[� �Y	+' a0.e �
H�N ��D �� �

)*�/ 1� ���� �& 0'�A ��D �� R�

��/ R.�&�	� �0 ���K ������g� R�
+& �" 1e�� �&."0 �A.N m	% �D 0�&0.  

C���* G7-1  �G7-2 B
C	/ 1��
4 $C	+ )*�/ ��%  R�

��/ �&�� !	4�4 �� &� �"M� E&'0 �&10  ' ����4 

1� R��A ���� �%0 .$C	+ �"& �%  �'�� *& B	�
C� O�.` ��12,2-1  *&ASCE 7 )�e �
H�N �A&. C���* G7-1 

 �G7-2  �"0��� al��4�& $"0'�<� �	�_ B%R  )*�/ W�-4�& 0."�� aB
C	/T = C u T a)*�+ 7/�� !"�# a  �&

C s 12&�� �"�� W�� aV  �&��� 'R 1� 6"�-4 ���� �"& �0 ��&0& �0 �D �UV� �&0�� �0 &� a0.eA�. ��� �"0C s  ��

 O80�-� *& )0��
/& �� �D 14�.`12,8-3  '12,8-5 1� ��/�<� )�e )0&0 a�A.e �A&.  W�-4�& 0."��T = C u T a  ��

C u = 1,47 B
C	/ 1��
4 �&�� )�e �
H�N�GA�0 �% $/&. T a  �+0�-� �"�� ��12,8-7  �'�� '12,8-2 0�&0 �&�K.  
 �+0�-� *& )0��
/& �� �"�� W��12,8-1 �)�e ��/�< $/&:  

V = CsW  
 ��/�<� �&�� 1�;
>� O80�-� ���A �	"] �0C s )�e )0&0 $/&.  �+0�-�12,8-2 1� ��D �� 14�.` �0 �g�4  �D 0'�

 *& �

D R�

��/ 0."��T S = S D1 / S DS = 0,23/0,55 = 0,418 s m	% 0�.� �0 �D a�e��  *& 5"
R�

��/ 1
A �0�` 1/��� 0�.� ��% �e��. �-� �+012,8-4  *& 5" m	% 0."�� �D $C	A )0��
/& ,��K ,	+0 �"& �� ^	A

 *& R�

��/ '0T L  ��&�� �D6,0 s 1� 1
A *'�c4 a�e�� ��D.  �+0�-� !	4�4 �	
% ��12,8-6  ��D �� ,	+0 �"& ��

�
H�A  �D $/&S 1 < 0,6 g 1� �e�� . O80�-� �g�4 &M+12,8-3  '12,8-5 1� 1K�� �A��. 
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 C��*G7-1 �+2�� �2���� ,<�� ��=  ��) 1�)+���10 ��PQ(  

 
��.4 : �'�� �0 �D $/& �^	_ R] ����� B
C	/ )��
e12,2-1  *&ASCE 7 )�e )0&0 ~�Q
�& $/& . )�e n�H

 0�&�A�
/& 1�
� @�K �&�� ����
� �&��� �� ��&�� )�"' �08.H ����� 1�
� @�K �&�� )�e ��/�<� 0."�� �D $/&

1� �e�� .EBF : ��.<� *& i��� )�e ������g� @�KCBF : ' �.<� B% )�e ������g� @�KBRB  PA�
D �����g�
1� @�4 �e�� .1� ��
�D &� 12&�� aB	># d� �� )�e �
e.A �"0��� ���D.  

 C��*G7-2 �+2�� �2���� ,<�� ��=  ��) 1�)+���4 ��PQ(  

  
��.4 : �'�� �0 �D $/& �^	_ R] ����� B
C	/ )��
e12,2-1  *&ASCE 7 )�e )0&0 ~�Q
�& $/& . )�e n�H

 0�&�A�
/& 1�
� @�K �&�� ����
� �&��� �� ��&�� )�"' �08.H ����� 1�
� @�K �&�� )�e ��/�<� 0."�� �D $/&

1� �e�� .EBF : ��.<� *& i��� )�e ������g� @�KCBF : ' �.<� B% )�e ������g� @�KBRB  PA�
D �����g�
1� @�4 �e�� ."0���1� ��
�D &� 12&�� aB	># d� �� )�e �
e.A � ���D. 

 �
��I�12,8-3  

 �
��I�12,8-5           CS = 0,044SDSI e ≥ 0,01   

	����% �YT > T MF  �+0�-� a�e��12,8-5  ��
�D$/& )���D .T MF 1� $/0 �� �"* ���&� *& �"]:  

TMF = 22,7 TS /R  
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 a1Y"^	H ��<+ *&T MF �D $/& �0."�� �� ��&��  �+0�-� R] �012,8-3  '12,8-5  �&�� 1A�CY" �&���C s  $/0 ��
1� ��%0.  

 R�

��/ �&��10  a����C s  �+0�-� *& �D12,8-5 1� $/0 �� @�K �&�� a�"]  a�.<� *& i��� )�e ������g� ��%
@�K PA�
D �����g� �� )�e ������g� ��% @�K ' @�4 1� )���D ��
�D 1�
� ��% �e��. �c	
A �"&  ,	+0 ��� �"0��

 ��^�R B
C	/ �	�_ �&�� 1A8.� ��
�CA W�-4�& 0."�� ' 1� ���4& 1"�% �
H&.  �+0�-�12,8-5 B
C	/ �&��  �A�N'0 ��%

1
A )���D ��
�D B
C	/ �"& &�"* a�e��  �"0��� �D �%R �A�&0 1%�4.D ��
�CA W�-4�& 0."�� a�A�&0 1N�^�.  

 �&���R  R.
/ �0 �D �UV�9  C��*G7-1  �&��� a)�e )0�']R��
�D �"�� W�� �D $/& �& 1� 0�c"& &� )���D ��D. 

 ��&�� )���D ��
�D �"�� W�� a)�e )0&0 B
C	/ �	
C>A �&�� ���� R&.�Z ��532 kip 1� �e��.  �+0�-� *& )0��
/& ��

12,8-1  '12,8-3 aR eff 1� ��/�<� �"* O�.` �� 0.e:  

  
R eff �D �� ���� �"& �0 �g�41� �C"��� R0&0 E�cA& R] *& L�% ' $/& �
H� � �e��.  O���ZR eff  �0ASCE 7 

)��A )0��
/& $/&. B
C	/ �&��  �+0�-� d/.4 �% R] �"�� W�� �D 1"�%12,8-5 1� ��
�D  �&��� a0.eR  *& �

D �UV�
 �'�� �0 )�e )0&0 �&���) �'��12,2-1 (1� �e��.  R�

��/ �&��4 W�� 1��
4 a���� % �+0�-� d/.4 �"�� ��12,8-

3 1� ��
�D 0.e . �"0��� &M+R �UV� 1� 1+'�� �"0��� �� ����� �e��. 1� �D 14�YA ,	;<4 �� ���&� �0 R&.4  R��A ��%

)0&0  �0 )�e C���*G7-1 ' G7-2 0�D (���a B
C	/ �&�� �D $/& R]  �"0��� �� ��%R  ' 8�� 1+'��

0."��  �8�

2& a8�� ��
�CA ��% �+0�-�12,8-5  ��^� �&��� ��Ye] $-��� ' )0�D ��
�D &� �"�� W��R 1� �	� *& 0'�. 

,	;<4  �0 �% C��*G7-1 ' G7-2 
% ��/�<� �� ���&� �0 1�
# B	%��� )�A�&0���0 �	�=1�CA R�Y� �		X4 

1� ��e��.  ���� �0 �;yC� �"&19 )�e 1/��� $/&. 0 ,K&�2 �"�� W�� �� �.��� 1H�#& �	C�4 ���� �18  )0�']
)�e $/&.  

�+2�� ,x�� ���L�* 1��� ��J@& R�a ��= ,<$
 ������ �@n�� �� �� ��  

 P>�H  �'�� *&12,2-1 B
C	/ �&�� B
C	/ ��% $"0'�<� ' 12&�� �"0��� )�"' O�	J^� R'�� �08.H ��%  �&
)*�+ $�'��� �.G�� �� 1� �J&�& &� �& �%0. B
C	/ �	�_ 1� 1"�%  �� ��A&.4 *& )0��
/&R�

��/ �&�� O�Q>��  ��%

)*�/ �08.H �& (AISC 2010a )  �� ' )�e 12&��:�/& &���� O)*�+ d�&.# R�

��/ �&�� �&  �08.H ��%
)*�/ �& (AISC 2010b ) A��e��. B
C	/ 0�&.� 1�-� �0  �&��� �� ��%R = 3 �0�Q
K& $/& �Y
� �4  *&

B
C	/ N�^� �"0��� �&�&0 ��% �
R )��@�K ��A  �� 1+.
-� �08.H 1�
� ��%R = 3,5 ( ��	N��D �� �&�� �D ��e��
 �0 R�
%����  ���� )*�+ (��  �&1� *�c� ��e��.  

�+2�� $���� ��@�� ��=  

 P>�11,2 B
C	/  ����� �&."0 ��%)$<4 6"�-4 �&�� )�e �J&�& "�&."0" (B
C	/ O�.` �� &� 1"�% 1� 6"�-4 ��D  �D

R] �0 �&."0 �% %P>� �" E�
4 a����� �� 1� ,
<4 &� BJ�K ��� )�
Z ���D . *& P	� �8�

2& )�
Z P>�50%  ,D BJ�K ���

0.� �%&.�. �&."0  O�.` �� ����� ��%)1 ( 5""  *& P	� �D 1�._ �" �^;H ��&0&' �&."0100 lb/linear ft  ��� *&

W0.� R*' )'[Z �� &� BJ�K 1� ,
<4 a��D"  �")2 ( 5"" 5"."0& *& P	� �D 1"��� �" 1�
� �200 lb/linear ft  *&
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1� ,
<4 W0.� R*' )'[Z �� &� BJ�K ��� ��D." )�e 6"�-4 �A&. n�H �� �8�

2& a6"�-4 �"& �&."0 �
�	� )*�/ ��%  �&

�&."0 O�.` ��  ����� ��%����  ���� �A.e.  

 �0 )�e )0&0 R��A B
C	/F"A G7-2 �"�	���GA�0 &�. " B
C	/ �"& �
��/ P	� 1�
� ��%�&."0 �&�&0 a���� 5

1� 0.� R.�&�	� �.2 �e��. @�K R.
/ ,��e E�� ���� �+.+ ��% �	4 ' �08.H 1;�&0 �& �_�	4 ' �08.H ��%  �%

1� �e��. �&."0 �	� �	�_ B% R.
/ aR�

��/ 1��o ' 1K�e ��
A �0 �% R.
/ �"& ' �
e&0 0.�' �08.H ��%  a�%

�	Y4  )�N ��%�	48.H �01� ��e��. �&."0  L�2 �� �D R�

��/ 1�.�� ' 1+�
e $
/ �0 \K&' ��%“B”  )0&0 R��A
)�e �&."0 (.#' �� a�A& 1� ����� ��% ��e��. �&."0  ����� �&."0 R&.�Z �� 14�.` �0 1��o ' 1K�e $
/ �0 \K&' ��%

����  ���� 1�  �e�Z j"�� *& �%�&."0 �"& �� )�e ,�
�� ��� �D �A.e *& P	� aE��200 lb/linear ft )2920 

N/linear ft (�e��.  ��� �D $/& )�e n�H a���� �"& �.G�� ��)�e ,�
��  *& �

D200 lb/linear ft )2920 

N/linear ft (�&."0 �"& ' )0.� )��A �.G�� ����� ��%�&."0 R&.�Z �� �% �A&.  

  
 F"AG7-2  [$Q b!�+� !A$� ��@�� �+2��1 :@�� �+2��$���� $�u ��  

 *& 1�>�R.
/ �;	/' �� �D BJ�K 1;�U ��� 1� ,
<4 �%  R��A )*�/ 1;�&0 $
CK �0 )�e )0* �"�/ �	2�A d/.4 a0.e
)�e )0&0 $/& .  ��"��4 �	2�A �"& �                65 %1� R��A &� ��� ,D �&."0 �"&����� a�%0  �g�4 ����� ��%35 % ,
<4 &� BJ�K ��� ,D

1� ���D .�-4 �� ��.4 �� &M+ 1A�

��/ @�K B
C	/ R&.�Z �� ' )0.�A ����� �&."0 B
C	/ 5" 1

C	/ �	�_ a6"
�
/0 1� ���� 0.e.  



 ٢٨٠٠آیین نامه

 

41  

 

 ,Ye �0G7-3�A.N �� B
C	/ a )0�D &�	� �		X4 �&  ' �
H�N �&�K 1;�&0 $
CK �0 R.
/ 6"0� 5" �g�4 �D $/&
sYZ @�o ' ��e $
/ �0 �^D�� ��%�&."0 ,
-+& 
%�e L�� *& )��] 0�&' ��% �08.H �	1� ,
<4 &� ���D. 

�&."0 a�%�&."0 �"& �"&����� 1� @�C2 �� ����� ��% ��"] .)0* �"�/ �	2�A  L�-� �D )�e *& 1�>�1� BJ�K ��� �e��  �D
R.
/ d/.4 1� ,
<4 �% 0.e *& P	� 1
D a50 %B% B
C	/ �"& &M+ a$/& ,D $2�C�  @�K B
C	/ R&.�Z �� R��_

 1A�

��/����  ���� 1� 0.e.  

R��_ R.
/ �_  ,Ye ��A�
% ' )�e LM2 1;D �� �08.H ��%G7-4�_�	4 a  �&�K R�

��/ n�Z 1��
4 �0 �%
)0&0 1K�e $g� �0 �D 1"�%��� �&�� R�

��/ �"& a�A.e -1� ,
Z 1��o  �� a���DO�.` "0 B
C	/ ����� �&.����  

���� �e �%&.�.  
�&�� ��� 1"�% �D �0 $g� 1+�
e-1�.�� ,
Z 1� a���D �&."0 1"�% �D �0 ��&�� ��� ��% 1�A�� $�'��� 1� a���D 

��%�&."0 ����� 1
A ��e�� ' B
C	/ 1� �A&.4 �� R&.�Z 5" B
C	/ �&."0 ������	o �&�� ��� ��% ,��Z �0 �"& a$g� 

����  ���� 0.e.  
O'��4 1;`& R�	� B
C	/ ��% �&."0 ' B
C	/ ��% @�K 1A�

��/ )�D )�A�&0���0 �
%R R�
+& ��% E'��� �0 ��&�� ��� 

1�A�� 1� �e�� (R] $/& �D �"0��� R �&�� B
C	/ ��% �&."0 �����  ��.
Z�      �

D *& �"0��� ����
� �0 B
C	/  @�K 
1A�

��/ 1� ��e�� .)'[Z �� �"& �0 08.H )*�/ a�& m	% B
C	/ �&."0 ������ ^� B
C	/ ��% @�K �08.H 5�/ �� 

��' ��% �08.H �" ������g� �
C4 �&  �H�`�     1��D 0.�' 0�&�A .|<� 1;	
Y4 �.��� �� B
C	/ ��% �&."0 ����� �0 

Ghosh ' Dowty  )2007  (0.�' 0�&0.  

  
 F"AG7-3 –  b!�+� !A$� ��@�� �+2�� [$Q2 :$���� $�u ��@�� �+2�� ��  
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 F"AG7-4 – !A$� ��@�� �+2��  [$Q b!�+�3 :$���� ��@�� �+2��  

 
 C�N�8 :2�� '� $��+ !P��* ��� $��$� �� j���� ��=  

C�N� �+2�� 1i �� �  ���� ��  � $� !+�Ia@� �� Ft& ��� �� �@*@� ��= ��= H�+;�  �� j����

,<$
 ��� $��$�  �+&� ��  �� b1�)+��� �� w�9��� C@Q �� �� ���I+� ��%* �� b1�2"� �%* �� ��

���. � ��$� w�9��� �����.� b�%� ��M2� �� '���� $����� � !P� $� �+2�R bΩ o  �C d 

�+2�� ��� �� �$�:��  �� ��$� !� �= �A��.  

�+2�� '� $� R�a ��= H�+;� ��%* �� ����  

B
C	/ �D 14�.` �0 )*�+ �'�	A ��&�� �0 E'��� 6;
>� ��%  6;
>� O�g� �0 �&)���-
� ( 0'� ��D �� R�

��/ 5" �0

B
C	/ �"& R�	� 1��D��A& m	% ' %�
e&�A 0.�' �  a�e��$"0'�<�  �'�� �0 i���� B
C	/ ��%12,2-1  �.� ��
1� ��
Z& a���-
� $g� '0 �� ,�
C� 00�N. BD $"0'�<� �D $/& R] 0�.� �"& �0 �
�
/& �
�+&  R�	� �0 l��4�& �"�4

B
C	/ 1��
4  )���D ��
�D R�

��/ E�
4 �&�� a�
H� ��D �� ��% �e��.  

 ���� R&.�Z ��F"A G8-1 R�

��/ R[� �D &� @�K �� )0�/ ��%  z;C� �
� 1�
� ��%(RC) �&."0 a)�"'  ��%

 1e��RC B
C	/ �"& *& 1�	D�4 �" )�"' 1� R��A &� �% �"�	���GA�0 a�%0. B
C	/  R��A 1�A�� ��� ��&�� �0 E'��� ��%

)0&0 �
H�" 0&�
�& R�

��/ l��4�& ,D �0 a)�e �A&.  �� R�

��/ �%����  ���� )*�+ (��  �&D 0�&0 j;-4. 
C	/B  ��%
B
C	/ O�.` �� 1e�� �&."0 B
C	/ �A ' 1A�

��/ @�K ��% )�e �
H�N�GA�0 ����� �&."0 ��% �A&.  
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R�

��/ ��% 1 ' 2 �&�&0 �g�4 5" B
C	/ 1�A�� )0.� ' $"0'�<� ��% B
C	/ ' ��%�
�&��� 12&�� �� O�.` 

B	�
C� *& �'�� 12,2-1 $e&0�� )�e �A&.  

  
 F"AG8-1 �+2�� 1G8 ��P� $� ,<�� ��= ��  

 R�

��/1 : 1�
� @�KRC $g� '0 �0 )�"':  

 �&�� l��4�& $"0'�<�SDC D=160 ft a R = 6aΩ o = 2,5' aC d = 5,0.  

 P>� d�&.# �=A��_12,2,5,4  R�

��/ �&�� l��4�& $"0'�<� a0.e )0�']��2 1�  �4 �A&.4240 ft )73 m ( P"&^H&
0&00.e ).  

 1�)+���3 : !T)� R�aRC !a$A �%* �� ,x��- !A$� ��@�� � !�$uRC  �%* �� ,x��

!
�)A-!�@�*  

 R�

��/3 B
C	/ �&�&0 0�&0 0.�' ~�� $g� �% �0 B
C	/ 5" �g�4 ��& a)0.� 6;
>� $g� '0 �0 6;
>� ��%. 


��/ �&�� l��4�& $"0'�<� �D $/& z#&'1� ��
�D 1e�� �&."0 d/.4 aR� e0..  �� B
C	/ �% �&�� 12&�� �"0���

 �'�� �0 �D $/& 14�.`12,2-1 )�e v>�� B
C	/ R] �&�� $/&.  R�

��/ �&�� �"0��� �"&3  �"* O�.` ��

1� �e��:  

 l��4�& $"0'�<� =160 ft )49 m () P>� R0.
A ��` O�.` �012,2,5,4 ��&�� �&��� �"& a240 ft )73 m (
�1 00�N.( 
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 !T)� R�a ��$�RC !a$A �%* �� ,x��-!�$u  

R = 8aΩ o = 3 'C d = 5,5.  

 !A$� ��@�� ��$�RC !
�)A �%* �� ,x��-!�@�*  

R = 6aΩ o = 2,5 'C d = 5,0.  

 1�)+���4 : !T)� R�aRC !a$A �%* �� ,x��- !T)� R�a '� $� b!�$uRC  ��@�� � ,x��

 !A$�RC !
�)A �%* �� ,x��-!
�)A �%* �� b!�@�*-!�@�* !-�$Q  �+2�� ��@/ ��

���:�� j�v�� ��� ,�T�.  

 R�

��/4 1K�e $g� �0 0���� B
C	/ 5" �&�&0 -B
C	/ *& 1�	D�4 ' 1��o 1+�
e $g� �0 �%-1� 1�.�� �e��.  ��
R] n�H )��A 12&�� �A�N'0 B
C	/ 5" O�.` �� 1�	D�4 B
C	/ �D  P>� a$/&12,2,3 1� R�	� �D 0�&0  $g� �0

1+�
e -1�.��a $"0'�<� $>/ �A&�	N 4�&�� � 1� B
C	/ l��4�& $C"�� ��
�D 1e�� �&."0 &M+ a00�N ��
Z&  )0.� )���D

 )*�/ �&�� l��4�& $"0'�<� '160 ft )49 m (0.� �%&.�.  
�
�&��� @�K �&�� 12&�� ��% 1K�e $g� �0 �D 1�
� ��%-1� ,
Z 1��o  �'�� *& ��
	�
C� a���D12,2-1  ��

1� $/0 �"]. 
e $g� �&��1+�- P>� a1�.��12,2,3,3 1� R�	�  �&��� �D 0�&0R  a1�	D�4 B
C	/ �&�� )0��
/& 0�.�

��^� 5_.D *& �4  �&��� �"�4R 1
A a�
H� ��D �� n'��� $g� �0 �D 1

C	/ �% �&�� �e��.  $<4 )*�/ �&��

1+�
e ��&MN���-�&."0 a1�.��  �&��� �"�

D 1e�� ��%R  �"&����� ' )0.� &�&0 &�R = 6 )�e ��<+ $/&.  P>�

12,2,3,3 1� z"�Q4 ��&0& �0  �"0��� �D ��DC d ' Ω o 1� $/0 �� 1

C	/ *& 1�	D�4 B
C	/ �&��  �� BD�2 �D �"]

R 1� 1� )���D ��
�D 1e�� �&."0 �"0��� �&0�c� &M+ a�e�� �e��.  R�

��/ �&�� 12&�� �"0���4  �`[� �"* O�.` ��
)�e  $/&:  

 $"0'�<�l��4�&= 160 ft)49 m(.  

R�a ��$� !a$A �%* �� !T)� ��= -!�$u  

R = 8aΩ o = 3 'C d = 5,5.  

!
�)A �%* �� !P� $� �+2�� ��$�-!�@�*  

R = 6aΩ o = 2,5 'C d = 5,0.  

1�
� @�K 12&�� -1� ���0./ �8�

2& �A�N'0 B
C	/ 5" O�.` �� 1�	D�4 1e�� �&."0 �e��. �A�N'0 B
C	/  m	%

�& $"0'�<� �A.N �&��� ' �
e&�A 1Z��4R  1�	D�4 B
C	/ �0 ����
� �&��� �� �C"��� �0)�A�N'0 �	o ( �&�&0 �DR = 

6 ��&�� a$/& 71� �e�� .1� �A�N'0 B
C	/ �0 1�
� @�K ��2 �"& �� �A.N �� $C"��  ��&�� �0 �D 0.e 12&�� �&

 ,K&�225% ��D $�'��� 12&�� �"�� W��. �
�&���  R�

��/ ��%4 g� ��1+�
e $ - B
C	/ O�.` �� �D 1�.��
12&�� �A�N'0  )�e 1� �"* �&�K �� a$/& �e��:  

 1�)+���4 : !T)� R�aRC !a$A �%* �� ,x��- !T)� R�a '� $� b!�$uRC  ��@�� � ,x��

 !A$�RC !
�)A �%* �� ,x�� -!
�)A �%* �� �  !�@�*- ���:�� �+2�� ��@/ �� !�@�*

,�A !-�$Q ���  

l��4�& $"0'�<�: 0�&�A. 
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R�a ��$� !a$A �%* �� !T)� ��= -!�$u  

R = 8aΩ o = 3 'C d = 5,5.  

!
�)A �%* �� ���:�� �+2�� ��$�-!�@�*  

R = 7aΩ o = 2,5 'C d = 5,5.  

�+2�� '� $� ,<�� ��= �L�a �%* �� ��  

 P>�12,2,3,1 R�

��/ �&�� E*8 O&���� B
C	/ �� �% D 1� B%&�H &� BJ�K $g� �0 6;
>� ��%��.  $	-K.� �"&

R�

��/ �&��  ��%C  'D  �0 F"AG8-2 )�e )0&0 R��A $/& . R�

��/C  �0 �����# ������g� B
C	/ �&�&0

6  �0 1�
� @�K 5" ' �	"�� ����6 1� 1"8�� ���� �e��.  R�

��/D  ,Ye R�
% �0 R�

��/ sYZ�� ���	K0C  '

8�� �0 ������g� @�K ' �	"�� �0 1�
� @�K �&�&0 1� �e��. R�

��/  ��%A  'B  �0 F"AG8-2  @�K 5" ,��e

1� )*�/ l��4�& E�
4 �0 ������g� @�K 5" �" 1�
� ��e��.  �08.H 1�
� @�K 5" 1�
� @�K a0�&.� 1��
4 �0

������g� @�K 5" ������g� @�K ' )�"' 1� )�"' �08.H �.<� B% )�e �e��.  R�

��/ �% l��4�&150 ft )45 m (

 )0.�R�

��/'  �� �%����  ���� )*�+ (��  �&C �A�&0 j;-4.  

  
 F"AG8-2 �+2�� �L�a ��P� $� ,<�� ��= ��  

 R�

��/A  'B  �0 �2&' B
C	/ 5" �&�&0�/�4�/ $"0'�<� ' )0.� 0.� l��4�& �
�&��� ' �% R] 12&�� ��%  �� �%
 �'�� *& B	�
C� O�.`12,2-1 1� $/0 �� �"].  �&�� B
C	/ �"0��� �`[� �"* O�.` �� R�

��/ '0 �"&

)�e $/&:  

 1�)+���A : ,x�� ��J@& !T)� R�a  

 �&�� l��4�& $"0'�<�SDC C =a0�&�A  

R = 8aΩ o = 3 'C d = 5,5.  

 1�)+���A :�= ������%� R�a  ,x�� ��J@& �@.�  

 �&�� l��4�& $"0'�<�SDC C= a0�&�A  

R = 6aΩ o = 2,0 'C d = 5,0.  
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 R�

��/C &�&0 )�"' �08.H �.<� B% ������g� @�K 5" �(R = 6)  �06  1�
� @�K 5" ' 1�	"�� ����

 )�"' �08.H(R = 8)  �06 1� 1"8�� ���� �e��.  P>�12,2,3,1 $"0'�<� @�>
A& �&�� E*8 O&����  B
C	/ ��%

�
�&��� ' 1� B%&�H &� 12&�� ��% ��D.  ���1 1� ��D �� ,	+0 �"& �� P>� �"& D 0'��	"�� B
C	/ �  �&��� �4R  ��

D

0�&0 1"8�� B
C	/ �� $�CA . �"0��� �� 1"8�� B
C	/ &M+R aΩ o  'C d v
>�  B
C	/1A�K.H  �� 1�"�� B
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