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��� `�)�< ��*�� _��� " `�)�< g,W �F �� g��
 �*�"� (
��� $�� .�� �F�,' (��'�"$ g,W �F ��B��� _��� ��B*���  

C�71A 3X1�  

 @,� (� DC ���
 $� �$ (X%� "� �2"$ �*� $� DC LT�) ����< 
���10 �%��
 ������ (0 ��
`  " {GT �� 
$�T "

 D�v��� ���� ��C O�F��#*��#�  (X%�) ��� D�v��� ���
 
����� $� ���� ���0 OC $� ��� �s� $"�%�&� ��	 (0 �$ ���! "

A�! (0 �$ ���
� (GH�� " (�'���� (`  (X%�) ���
 
����� (� $"�B�B ������ ��
,��0 �� �$ �)�� (�� 
��# . �� (
��� $�

 (X��$ g�)�1 ��X) LT�) .�*��# (�)��
 O�*�!   

(X��$1(      V = L / t   

 (X��$ �*� $�t    ���
� (GH�� " (���s P�	 ��L ) (X%� "� ��� (GH��A,B ( .L)� ��
 P�	 �� L)� (� ��T d�)

 P*�Q $� �$ ��
C8/0  D�Q ���0 LT�) �< e),�
.�*C L)� (� 

 ,-01� D)�  

 (�&�X
 �$,
 (%XB
 $� �����
 R��&�X
 $�
��� @���-*� qB??) P�??� �� ���N�??)� �� (���0 P�??� � E��%
 �� p* �F (

.�
C L)�  

????????????????????????????????????????????????????????????????????????????????????????????????????????  
1 - Radius of Curvature 
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��-�� D)�  

" (�&�X
 �$,
 ���� �� �&,� 
$���� (�%� ���N�)� �� @���0 P�� � ��*�4 " L)�n�� _�N<$� I+�'� `��%< �� d�)  L)

) OC @,� �� ����10.�
C L)� (� (��
  

J��
�
 1BK �20(-0  

2"$ �� ��$�� �$ ���"��� �*����� (0 �<�$u ������ �)$�� 
��� K�4 2$���2 @�) $� ��&" (G�)" (� (0 (j*$)1952  (/�$�

L)� ����  2"$ �*� $� .�� ���N�)�100 $,�
 " ��� D�v��� �W�N<� R$,H (� �$u )e),�
d .�� 
��# ������ �F OC (

��
C L)� (� 
�F ���� d�) �< �,� �
 `�)�< ���-< $��,�� R$,H (� R�$u ������ �� 50D   (0 �<�$u ������)50  �H$�

(�B��F OC �� ��ZU,0 �* 
"��
 (�,�� �,� (�)��
 �F OC O�$�Z�F " ���� ���	)�338�1394 .(  

 \;� �
�� 
01K ,7�02∅  �2(Q)� 1N�0
��  :  

)@"�! (� (!,< �� �$ jB) �$�4 $��W (*"��1 g�)� �� (0 (��'�"$ (���0 R�$u �XW �� P)�B�
 (  ������ �����
 R��F��


      ��G��  ��
�$�4 .�*��# (�) ��
 ����  
��#��� �� ��T     ��-*� _"��  (�) ��
 
��� (0 L) � 
 L0�	 " p* $� D,) $ 

  @��)  O�*�!   (X��$ l*�� �� " ���  ���N�) �2  �) ��
  .�,�  �
 (     �$u O�" (� �� �� 
"��� L�� � ��G��  ��
�$�4 EW�" $�

L)�  

 (X��$2  (   

 (X��$ �*� $�τ ���� JB< : �Sρ&��U :�  D,)$ �ρ @��) �&��U : �g J���# D��� :  "D   D,)$ R�$u (~v�
 �XW :  

L)�.   

 ��(A1 \;� �
�� hQNb� ��� �20(-0 �01� 2(Q)� 1N�0
�� � \;� �
�� 
01K ,7�02 : �?)��	)540�1388(  

jB) �$�4 ������ 
�B� (%��  �$u �XW (����G�
)   jB) �$�4 $��W (*"��∅  ��G�� ��
�$�4
∗  

x$]� $���� jB) (�v<  048/2>  42  054/0  

x$]� jB) (�v<  048/2 -  024/1  42  054/0  

e),�
 jB) (�v<  024/1 - 512  42  054/0  

pU,0 jB) (�v<  512 - 256  42  054/0  

 �,GWx$]� jB)  256 – 128  42  054/0  

pU,0 jB) �,GW  128 – 64  41  052/0  

x$]� �G�' @"��#  64 – 32  40  050/0  

x$]� @"��#  32 – 16  38  047/0  

e),�
 @"��#  16 – 8  36  044/0  

]*$ @"��#  8 – 4  35  042/0  

????????????????????????????????????????????????????????????????????????????????????????????????????????  
2- Pebble count 
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]*$ �G�' @"��#  4 - 2  33  039/0  

:\;)-�� D71E  

 O�$"C L)� (� 
��� �NG�v
 
�F 2"$n  $� �
� ... " �Z*�
C �)�B� ��
� O�
��) ��GZ*��)� (G�! �� �$�� �,!" j�B���


 JF"c4 �*�n  .L)� ��� (�)��
 O�,0 @"�! l*�� �� jB���
 $��%
n   
�F $,�0�� (� " L)� ��� �
 R�� (� jB���


 " J*�)�� �@���0 ���
 �@���0 
$�,�F�� ��F��# J�,4 ���X) 
�F 
$�,�F�� :�� �B<$��T (0 �$�� ����� 
����



���� " lG�
 ��,)$ $�� " �G~� R���� < ���� " DC aX) R���� < �@���0 KZ� " ������ ���,)$ E��,
 �
$�3��,)$ 0 (

,
 �*� O�$�Z�F " ���� ���	)L)� ��� ���& O�,0 @"�! $� �$�339�1394(  

D71E �P()�.: ��B��F ������ P*�Q �#���' 
��� �B�* K*u �*��%
 g�)� �� (��'�"$ 
�F `�%��
 �0�� �� 05/1 

 ,
��� (��'�"$ 
�F �),B�) ��� 05/1 �< 5/1 " 
��� (��'�"$ 
�F 
�"�����4 ����� �� 5/1 �*��# ov�
 )R$,
 (� 

K%� �� L�,
 ,1995.(  

��1� �;=  

     (���0 
$��*�4�� �� ���N�)� ��2"$ 
��*� 
�F���# �
 (�)��
�F 2"$ �*� �� �Z* .� �& (X��$ g�)� �� ���� JB< �

 (0 �L)�g�)� ��  
$��*�4 
��� jB) �$�4 �sw
 ������(���0  ���� 
"��� L�<�
   l*�� �� (X��$3  �
 ��� ���v<

 (X��$ .�,�3                                            (�� = ��
�∗��(���)��������� !"#$� !"#∅ %   

     (0�&  " (��$ $�0 (� ���� JB<�∗' L)� ������ ��G�� ��T .() "γ  �DC " jB) k,~v
 O�"*�  P�� (*"��

 " (���∅ � jB) �$�4 $��W (*"��L)  
��� "(�)��
  �*�� ��& (X��$K	��
  �*�.��*34 f�-��  

.�*C �
 L)� (� �����
 R��&�X
 �� (0 �(��'�"$ �&,� P�� :@"� f�#  

 �� ���� JB< :f"� f�# l*��(X��$ 4  L)� (��
C.   

 (X��$4(      �&+γ,�  

f,) f�# : (X��$ l*�� �� (���0 P�� (�)�BF) p��$,
,/. ��
�$�4 (�)��
5:  

  (X��$5(                                                                                    * = tan��(sin *2/ sin *�)   

:f$��U f�#  (X��$ l*�� �� �$u �� ��
 O�" (�)�BF) p��$,
,/. ��
�$�4 (�)��
6:  

 (X��$6                                                                                      ( 4� = 56789*� − 8;<9*2   

:`-B4 f�# :$  (X��$ l*�� �� O�*�! },X' I����� (*"�� (�)��
7  :  

$(X�� 7(                                                                                                      λ ≅	 tan�� ?��@A B  

:`�� f�#  (X��$ l*�� �� (���0 ��BF� K�Z�< R�$u 
$��*�4 P*�Q (�)��
8  :  

 (X��$8(                                                                                                     C2 = 9���(���)�D    

 :`�NF f�#(�)��
  ���� �$u L0�	 (*"��β  (X��$ l*�� ��9 :  

  

 (X��$9                                                          (tan��
EFG
FH ���(IJ�)
K#��LM$#NO PQRSJ�TU(IJV)WXFY

FZ
=β      

`��F f�# : (X��$ l*�� �� (���0 P�� 
$��*�4 P*�Q (�)��
10  :  
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   (X��$10 (                                                                    C�+C2 [�J�TU�IJ\J��

9 ] 
:`�� f�#  (X��$ l*�� �� (���0 
$��*�4 L��Q" (�)��
11:  

 (X��$11(                                                                      SF= `$ abU V
c� abU VJ���`$# ��� \

  
�B�*� $,�0�� (0 �<$,H $�3   �� ��ZU,01  O�,< �
 ��B��F .�,� �F�,' (���0 ��BF� K�Z�< R�$u 
$��*�4�� 
�*,# ����

 ��� ��λ = 0 ,  *2 = 0   L0�	 (���)C $� jB) �$�4 ������ �$ �� l*�� (X��$12  .�� ���v<  

 (X��$12                (                                ≅  �O
��� !"#$�

 !"#∅ 2.2gh�� ���
      

 
 ��|� �$,
 (���0 $� $��*�4 R�$u ������ (�)��
 $,|B
 (�L)� f�n  jB) �$�4 {G�v
 
�F ������ 
��� `�� �< `�� 
��
�#

 �< �,� $��Z< $�%�C �FSF=1 jB) L�! $��*�4 jB) �$�4 ������ (0 ��*C L)� (�   .�,� �F�,' �B�U  

���� 
�F �$,
 ���� �*� Jv� �� l*�� L����� �����
 f�� e��
 " $�]�� �0,<� E�! 
$"C �*��# .(� �*� $,|B
 �� )����N� 

�� o'�� (�%� 
$���� " ��
 (U$�4 
� ���� 
�F �)�BF p�&"$��F " E��%
 K
�� LT�) �DC ��T ��� ���&��& 
e),� 

l�T ��� ���&��& P�� P�� ��$�B0 ���� " _��� p�&"$��F ������ 
��# .L)� ���   

k7�N- lS� � 

�$�B0 J*�)�� J*�]�� _,� ��� < " (��'�"$ 
$��*�4�� P!,
 (ZG� ��� D,)$ $�� J*�]�� P!,
 (ZB*� �� �"+T 
�

�
 @���0 
,�&� " O�*�!.�,� �$�� �,!" J*�)�� ����� $� (���0 L*,%< 
��� 
����
 �)�B�
 
�F K	 ��$ 2"$ $� .

 
�F ��B���� L����� K��W �#��) (� " ��$�� $��W K	�) $� (0 �#$]� 
���B) �$�4 �� �* " ]*��B) J�,4 �� @,��


L)� �),B�) _,� �� ���
 ����� $� (0 �"�W �&+# (��'�"$ �$,
 $� .�,� �
 ���N�)�  $�ZF�$ L)� $��*�4�� E��%
 (�G0 $�"

(0�$�� R$"�Q ��*�*�
 �� ��& ���� JB< 2"$ ��  ���N�)� (���0 
$��*�4 e*��� �$"C�� 
��� jB) �$�4 �sw
 ������ g�)�

" .�� ��  @���0 �$�B0 R�$u ������ {G�v
 E��%
 $� 
$��*�4�� O�]�
 $�3# ��sĤ< K
�T �*����
 O�*�! O�,� L��s (� (!,<

��0 
$��*�4 P*�Q O�]�
 ����� �$,
 
�F��
�$�4 O�$"C L)�� �� d4 $,|B
 �*�� .L)� (���)C $� jB) �$�4 ������ �(�

.�
C L)�� �"�W �&+# (��'�"$ (���0 �B�U jB) L�! �s,
 jB) �$�4 ������ " L0�	 ���0 J*�)�� $� �s,
 
�F�� �
 (

�jB) �$�4 $��W (*"������� P�� �(���0 P�� ���&��& ��� ��T ���B��� _��� K
�� �"�W �&+# (��'�"$  �&��U �R�$u �XW

�R�$u ���� 
��# ������ l*�� �� ��&��& ��� l�T e),�
 " e),�
 LT�)(�%� " �����
 R��F��
 " �F#,4,< 
�F ����

 @"�!) .�
C L)��2.(  

  

  

  

  

????????????????????????????????????????????????????????????????????????????????????????????????????????  
3 - Safety Factor 
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 ��(A2��1� �;= #.�� ReZ 1� ��1K ��OP ,-�./�
 ,-01� �7��1� 
/ 1]
� ���1N�0
�� :  

 EX%


�Q�T  

 P*�Q

�#���'  

 _���

��B���  

(��
)  

P��  

 
S 

*2 

((!$�) 

 ��T

 ���

��&��& 

(��
)  

 e),�


 ��� l�T

��
) ��&��&(  

 (*"��

 �$�4 $��W

jB)  ∅ 

 P*�Q

jB���
 

  

 �XW

R�$u  

)mm(  

 �&��U

 ����

R�$u  

G 

 (*"��

 P��

�$�B0  *� 

(����)  

 LT�)

 e),�


O�*�!  

)m/s(  

1  50/1  68/14  022/0  8/6  68/0  38  0954/0  16  65/2  28  10/1  

2  50/1  16  019/0  8/9 7185/0  42  0954/0  130  65/2  21  1  

3  43/1  71/53  023/0  5/7  4975/0  42  0977/0  130  65/2  17  29/1  

4  54/1  93/49  024/0  4/9 4984/0  41  0949/0  128  65/2  20  1  

5  77/1  92/11  017/0  9/5  406/0  40  091/0  32  65/2  38  19/1  

  

��F��
�$�4 �*� O�� ov�
 �� d4 O�,< �
  JB<���� �&  (���0 P�� (*"���θ �$u 
$��*�4 P*�Q � �4�  (*"��

O�*�! },X' I�����	λ  
$��*�4 ��T �C2 ���� �$u L0�	 (*"�� �β   ��� ��M=N "C�	  @"�!) ��0 (�)��
 �$2 .(

��B��F P*�Q (*�4 �� (��'�"$ 
,�&� $� �#���' E��%
 1 ,2  " 3 �� _,� �),B�) " E��%
 $� 4 " 5 �� _,�  
�"�����4

.L)� ��,�  �< f$��U 
��
�# (�)��
 �,�� �$��� EX%
 
��� �`F���*2 :L)� �*� $��W (�  

0.019*0.7185*9.81*1000 =�2   

0.052=θ  

=0.930√0.8497=4�  

λ =	
4<��0.4939=26.28  C2 = 21 ∗ 133.921.65 ∗ 9810 ∗ 0.13 = 1.3664 

40.355=
4<�� s 2/tuv9[O/wxy��/#O#wJ2/ggz{]|=}    

C�+1/355 [�J�TU(9v.9tJg2.z{{J2.2{9)9 ]=1.2818 

=0.584=	SF= 2/uz abUg2�.zz{ abU g2J5��2/uz# ��� g2/z{{  

�� ≅ �zzu9�1 − )~�#9�)~�#g� 0.047 ∗ 1.65 ∗ 9810 = 20.84 

��(A3  ��OP ,-�./�
 �
�;� �7��1� ��1� �;= #.�� 
/ 1]m� ��� 1N�0
�� :  

 EX%


�Q�T  

�2 
 

θ 4� λ C2 β C�	 
1  68/145  05/0  88/0  79/26  81/11  20/58  79/11  

2  92/133 05/0  93/0  28/26  34/1  36/40  28/1  
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$� �sw
 
�F ��
�$�4 (�)��
 �� d4  ���� JB< o'���&+# (��'�"$ �$�B0 J*�)��  �4 ������ �(���0 
$��*�4 O�]�
 �$

@"�!)�*��# �$"C�� �|� �$,
 (��'�"$ �B���B) 
��� �sw
 jB) �$�4 ������ " L0�	 (���)C $� jB)4 L)� (� 
��� (0(

(0 �� $��Z< $�%�C jB) �$�4 {G�v
 
�F ������ 
��� `��  �< `�� 
��
�# O�
C  SF = 1  @"�!)�
C L)� (�3(.    

 
��)�$ $� �,� �
 $��*�4�� �$u (0 �
��BF :LN# O�,��
 R�$u L0�	 �,�� �$,
 $� " β P�� �*�< �B< L�! (� L���

 �#� .���� �
 ��$ (�90=θ+β  �#� L)� L)� ��*�4 (� L0�	 L�!90>θ+β  aX) I�� (� n�� (� (��� P�� �� �$u

 �#� " �B0 �
 L0�	 DC90<θ+β � E��%
 (�G0 $� (0 ���� �
 ��$ (� ��%&� e' L�) (� (��� P�� ��*�4 (� �$u ���

 �&+# (��'�"$90<θ+β ا��K	��
 .  �B���B) 
��� �sw
 jB) �$�4 (�)��
 �$��� EX%
 
���2 L)� �*� $��W (�.   

                                                                                   C2 = 9�∗�zz.u9�.v{∗ut�2∗2.9v = 0.6682  

  

                                                                                                                                                                                                         

41.103=
4<�� s 2/tuv9[O/xy�O�O�xJ2/ggz{]|=}   

                                                                                                                                                                          C�+0.6682 [�J�TU(9v.9tJg�.�2zvJ2.2{9)9 ]=0.6428 

 
SF= 2/uz abU g9

2.vg9t abUg2J5��2/uz# ��� g�.�2zv 

  

 ��(A4�;= #.�� [��0 1� ��1K ��OP ,-�./�
 �;)+ \;� 3�A 1]m� \;� �
�� �20(-0 � ,-01� �
0(7�� D71E C0n)�  : 

��1�  

  

3  25/112 07/0  95/0  82/5  12/1  02/54  04/1  

4  34/117 07/0  94/0  26/6  19/1  13/52  10/1  

5  7/67 03/0  79/0  53/20  74/2  58/46  64/2  

�Q�T EX%
  

$��*�4 P*�Q  

SF 
 $� jB) �$�4 ������

L0�	  (���)C )cm(  

�sw
 jB) �$�4 ������  

�B�U jB) L�! )Cm(  

1  07/0  6/29  42  

2  58/0  84/20  26  

3  77/0  4/16  20  

4  7/0  18  22  

5  25/0  7/39  60  
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 �1)P ,o)N- 

  ��*�< " $��*�4 �� 
�F �$�B0 �*�)�B� L�! ��& 2"$ �� ���N�)� �� �"�W �&+# (��'�"$ 
� �$�B0 J*�)�� JF"c4 �*� $�

 .L��# $��W �)$�� �$,
 $��*�4 �� 
�F �$�B0 O��0 ��U jB) L�! jB) ������ E��%
 (0 ��� O��� q*���1 �5 �2 �4  "

3 P*�Q �*���0 �< �*����� 
�$�� P�<�< (�  " �B�U jB) L�! �s,
 jB) �$�4 ������ g�)� �*� �� " �B��F 
$��*�4��

 EX%
 $� �B���B) L�! jB) �$�4 �XW �*����� (0 
$,� (� .�,� �F�,' R"�N�
 �G	�) J*�)�� �� LM�N	5  O�]�
 (�
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