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;:9 :چكيده <=>?@A =B CDEA FG HIJKI ?LM=INO=?P QGIR; SCJ; =IJG?T ?U V:WP ?X MI=IB ?G =IJG?T?U M YUI>R:; ?L?Z Y[:U?[A \I]Z B=I]A Y^_P =B >=B `Dab QGIR; VcI defA > gBIB =IRX R:h?i Vji I= k YUI>R:; ?LBl?c mLIRn I= .T oP ob?pA dGI =B:qP:rYYUI>R:; `Dab ?LCDEA sIRtI MJcC?uvWOwgJ; ouZIBRT VcI .C?uvWO Jc g?xuZ?cwoP VyvU Cz YuA>?pA M?LRuA I=?T o{ gJ; gJ:;]T |b oP }]c]A Y;DG= k?Z lI ]t= <IR::ai~?vK k?Z VP YA Jr;?P .YUI>R:; M=IJG?T D:b ?U z ?L=B o{ VcI Yi�?fuKI D:b ?U z > d:_A D:b ?Uz �A?; k?Z M?LRuA I=?T MIRP Yi�?fuKI D:b ?U z|U?G=I> ?LM�?fuKI lI gB?�ucI ?P C?G?T =B > ounRO R�U =B Yp�rA m@K SgJ; oyc?jA YxuE:vO;?U k?ZYlI`DabBRO B=>zRP �fujA M?LGgJVcI .r�fL:dU?[A:mv`Dab> ?L U > `Dab �]�c ocJrL:�Rf?TG=IJ?�UYG;:U I>RYc=RP B=]A ?LYVcI ounRO =IRX .C?�U gJ; }?@U I M?LD:b ?U z YA`Dab YOJr�IRT > BJ_i JLBCz B?_P I > m@K �?K d:� =B > B?Gl YWK?c QZ BIJuA I =B ?LVcI F�]� ?L . `Dab �{ m@KB>JK �fujA M?LVcI gJ; B=>zRP CDEA J:�A m@K J�=B =?��.  

  

�����واژه ���: `Dab -=IJG?TMYUI>R:;?L-xuE:vOYq:TgJU>=-i�?fuKI D:b ?U zY-لس  

  

١������
 `Dab ob ?vA V:fLI=BCl?EA?LJcmL > MB?�uXI V�� lI mL VcI �A?i �P?X Y�?fu�I R�U lI .g�G> ou:f� <?p:pjiM?LJc �=DP ICOLD (2002) YA C?�U9:cz dGRu�:P o� JLB ?Lo�]uA gl?c ?L> VcI Jc ouvP I> > =>?@A M 

`Dab }]c FG �?K d:� =B?L C?vU I C?� duZIJU I gRt?EA oP �:vU?uTJU=IB I= ?L .YUI>R:; `Dab
 - �?c > o�?G=B CBR�RT Yt =B ��]f_A ?LJc Cl?EA sIRtI M?LM?L �]X> oP ?LJc lI M=IBRP gR�P d:uvEUYAJU]:TB.   C?ucI lI YeG CI]r� oP C?uvWO C?ucI > =]�� �?f; op�rAM?L YA CIRG I  t?rA dGRi Yr¡ ¢D� £z ¤P?rA ¥?jb oP Yb?f;J;?P .
Jc C?uvWO YUDEA٢B>JK =B٣٥C?ucR�; ¦R; �?f; MRuA]W:�B>RU?ORO oU?ZB>= M>= RP C?uvWO C?ucI =B ~>>?� JyrOB=IB =IRX :Wf� C]r�I mL >}?@U I �?K =B Cz YGIR�I <?YAJ;?P) M?ARn=?{> =>?�A > C?uvWO > CI=JUl?A MI op�rA £z C?Al?c g§>RT dGI
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YA YW{RP CIR�i =>?�A d:cJr�A Cz �IRtJ;?P(.C?uvWO Jc٢?P CDEA m@K٥٣
ä{ lI �?�i=I ?P > 9_[A RuA C]:W:A ٢٣oP RuA lI Y[G CI]r�٣

{RO �Rt =B gJ; Yr:P q:T Jc> m:�ri sJL ?P DHIJKI B>RU?ORO oU?ZB>= M>= RP Ml=>?�{ s=?�A MIRP £z gR:ZåYAB]; .YA Y_:c> V;B I= ~>>?� JyrO æp�rAlI o� JU?;]T m�IRuA R:¡ YuW:c > MI oc?A <?P]c=Yvboc?A oP }]c]AM?L gJ; gJ:;]T MB?PJU I .> £z RP IRP =B çb?�A dGI V:c?vK oP o�]i ?P i �?fuKI?P D:U > CDEA MR:xPz lI |T YuA>?pA M?LRuA I=?T R::aoPR@i oP o�]i`Dab �]X>M=IJG?T?U > ?LYU I>R:; M?Lo:;?K M?L C?uvWO Jc CDEAè=?un= Yr:P q:T > Yc=RP oP  :pji dGI =B S YU I>R:;`Dab �]X> M?LJA?:T > B?_P I > CDEA sIRtI M?L ?L VcI gJ; ouZIBRT.  

  é�êëìí îïðñ ïò�óô�õï�� öï÷øô� ùúïû üïýôþ ù õ óÿ��ÿ�ñ �?Z ?Lg>RO =B > gJ; £]vjA MB?P <?P]c= gRAl =B Yvb M k?Z�?Z oP }]c]A M?Lopyt Y;DG= M?LYA MJrPJU]; .
dGI =B �?ZoU IB S?LV;=B M?LRi )M� glIJU I =B (oU� M=?uZ?c ?P �]f_A Qc]i M=]yUlYU?{ ?G ~= ��A ourfc BI]ARxGB M?LC]�fL �O ?G �LzgJ; gJU?yv� RxGJeG oPJU I .VW� oP Ru�:P |b `DG=
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�� ٦٨B?@GI ي���� > VP]t= £N� lI Y;?U BI]A dGI Y;RP VA>?pA qL?{YA k?Z =B �?y;I QGIR;J;?P.   VcB VA>?pA oP gB=]EU VcB VA>?pA VyvU B>JK |b gB=]Z٣ VcI]٢.[|b SV:c?vK lI YXIlRi äGR_i  P?�A ?LgRAl =B �?Z L?YA =IRX ~?vK of:U MJUR:O]٢[ .
J�n =?:_A  P?�AI

 Feda, 

1966 VA>?pA oP gB=]EU VcB VA>?pA VyvU I= V:c?vK o{A äGR_i �?y;IY|b SJr{ ?L~?vK gRAl =B�?Z dGRi ?LMI oU IB M A =?f; oPYJU>=]٣[ .<IR::ai oP VyvU |b M�?P V:c?vK dGIIRP 9c?rA?U Yjb?�A oP I= Cz SYuP]t=Y�?Z M?LJc =B BRP=?� M YA �GJyifUJG? .CJ; �K oP R@rA |b <I=å ?P £z ~?fiVvc ?G CJ;C]G V�W¡ qL?� > VW:c <I=å d:P YU?f:c M?LJU]:T ?LM J; JLI]Z Yc= M?LJU]:T ä:_^i > ~= sIRtI =B Vy�A .lI Y^_P Yc=RP lI d:ppjA|b M>= RP YW:��i <?_b ?�A > ?L ?LM?:cz M @:uU MD�RAYA MR:O o�?Z VA>?pA o� Jrr� ?LlI |T Yvb M ?y;IعoU]fU VA>?pA ?P ?LB=IB  P?�i gB=]Z VcB M .C?ppjA dGIduEG= mL oP I= �?Z =B R��IJK Y;RP VA>?pA CJ�U �:vP �:bBYA £z ?P ~?fi lI |T |b <I=å o:b>I qGI=zJrU IB]٢.[  �[;èA>?pA M?LRuA I=?T RP VP]t= J�=B qGIDnI R:h?iI= |b Yu YA C?�UJLB .YA gJL?�A k?[��I oG>Il B=]A =BB]; که qGIDnI B>JK VP]t= ?i F�Z Vb?K lI VP]t=٥qGIDn I oP R@rA J�=BJ; JLI]Z R��IJK =IJpA FG ?i �?e��I oG>Il .?P Cz lI |T U IRjP JK ?i VP]t= qGIDnIY) کهBDUGکB=]A k?Z MR:fZ JK oP ?AlzGqVcI gB]P(oG>Il SVn?G JLI]Z qL?� �?e��I .qGIDnI ?PYfU Yc]vjA R::ai Rh]A �?e��I oG>Il SVP]t= J�=B Ru�:PJr� YA VP?h ?yGRpi >B]; .VP]t= qGIDn I ?P |b YOJryv� d:r�fLU IRjP JK VP]t= ?i F�Z QGIR; lI �?ZYYA qGIDn IJP?G .?P pc YU?�O?U =]t oP YOJryv� SJK dGI lI VP]t= J�=B qGIDn I وط YAJr�VA>?pA qL?{ =B �?y;I VP]t= gJf� R:h?i RxU?G?fU o{YA |b k?Z Y;RPJ;?P .
�[;٢lI YG?fU g=I]GB ?L�K?c m� ?X M =B I= B>RU?ORO YA C?�U �U =]c £R� op�rA Y[GBDUJLB .

dGI��Z QGIR; =B op�rA Yvb k?Z M�?P YOJryv� RxU?G?fU �[;VcI.?y;I QGIR; =B k?Z d:fL Yb>YOJryv� MB?Gl CID:A oP �o�U IRi INb > gBIB VcB lI I= B]Z Rh]A ?LYA =IJG?T?U m� ?X Mo{ JU]; =B =?un= dGIYU I>R:; YG?�U =IJG?T �:n>RT ?LC?uvWO Jc CDEA =Bè
 �[; =B٣YA gJL?�AB]; .qEP =B oW�vA dGI ?LB=]A MJ_P M VnRO JrLI]Z =IRX Ru�:P 	jP.  `>?� ?LunRO }?@U I MC?uvWO g?xuZ?c =]jA gB>JjA =B owD:U > VcB�?PYA C?�U Cz VcB d:� ?T >?i d:Al ç�c =B o� JLB Y��]i �P?X Vn?vAلاGه ?LM Z=B k?�A?; |b lI ¤�iRA �]�c lIRi =B > oc?A > VW:c ?LoU?ZB>= £z C?GR� <=>?@A =B Yr:� ?T M oG� lI ?LYcJ� > =IB ~= YuW:c M ?LYuW:c MI oc?A M�:e�i VcI oun?G]۱[ .YuA>?pA M?LRuA I=?T d::_i MIRPB=]A op�rA k?Z

o_b?�AlIc=RPY ?LMgJ; }?@U I Ye:rei]�§Qc]iRP =>?�A V�R; M?ryA۱۴¦?f�I ?P oU ?fO۵۵YbI۷۵�G?uU d:r� mL > MRuA qG?Alz ?LVcI gJ; gB?�ucI C?OJU=?xU Qc]i gJ; }?@U I M .BIJ_i oU]fU �{ ?LMZ VcBgB=]۳۶oU]fU > ?LMgB=]EU VcB 
w
AY - J;?P .qG?AlzoU]fU M>= RP gJ; }?@U I M?L ?LoU IB qG?Alz �A?;SM=]jA oc qG?Alz SM=]jA Fi qG?Alz S�RP Ri I B>JK > MJrPz > �]L d:T qG?Alz SYOJryA= qG?Alz Sm:eji qG?AlzqG?Al ?LM A YG?:f:;Y;?PrJ.  

  

  
شكل

��
 �
��� ���� ������� ������� ���������� �  
Derbyshire et al., 1994
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شکل

��& ����� �$��& ���$�� (�
�*�ها�� 1��� ��

گلستان
�

  �G?uUqG?Alz �A?� ?LV�R; Qc]i gJ; o:�i `=IDO =B ¦]n M P =>?�A}?U ?»C?uvWO Jc }>B oWKRA <?_b ?�A o�]f@Aw
« B]�]A VcI]۴[. 

I lIG?uU dGI =B �GVcI gJ; gB?�ucI o_b ?�A d .r�fL:d V�� =BVj� �Rur{IG?Alz dGq ?LBIJ_iM ?AlzGqQc]i C?OJU=?xUU:ز VcI gJ; }?@U I .
W{:ه?AlzGq ?LB=IJU?ucI  P?�A 

ASTM  VcI gJ; }?@U I .
IRPM?Alz }?@U IGqOJryA=Y`>= lI C]uc]L Qc]i o� BR�rA m:eji qG?Alz(Houston, 1988)  

nR_AY BRO gB?�ucI SVcI gJ;GgJVcI]۵ .[
I =BG?Alz dGqVcB oU]fU YA =IRX RuA>BI g?xucB =B Y_:yt VP]t= ?P gB=]EUm� ?X =?P > BR:O YA qGIDn I oWKRA Jr� =BgBIB m:eji gl?�I �?Z oP =?P RL > JP?G B]; .YA qGIDnI �jA =B qri JK oP CJ:c= ?i m� ?X =?�nJP?G .=B IGd�?Z > gJ; �?y;I oU]fU oWKRA=G`DYA?fUGJ .?�uU I =BM lzqG?AA:CID;DG= qUR�YYA MR:O glIJU IB];.  qG?Alz  yt RP ?LJc �B>JjA �?Z SMRuA>=J:L > MJrP oU IB M C?uvWOw?i R�� B>JK MI=IB۱۰SDG= oc?A J�=B ۵۰?i۸۰

J�=B > VW:c۱۵?i۴۰YA ~= J�=BJ;?P) 
�[;۴( .qG?Alz ?L}?@U I M YA J:G?i gJU=?xU > =>?�A V�R; sRt lI gJ;Yvb �?Z Jr� C?uvWO Jc op�rAwP opyt muv:c  yt RPMJr�]U lI JG?�:U]G 

CL-ML  YAJ;?P .ou;IB Yf� æu:v:uc�T R�U B=]A op�rA �?ZcRn J_uvA <J; oP >VcI MRGNT qG?]۱۰ .[?G YOJryA= 9GR� qG?Alz lI gJAz VcB oP `DG= >Rn 9GR� ?Ld:P =>?�A V�R; M ��w/۰?i�w/۰=IRX B=IB .Qc]i gJ; NZI oU]fU YOJryA= 9GR� D:U gJU=?xU۰۱۱/۰YAJ;?P) 
�[;۵( .YA äWPz MJrP opyt RP ?rP - Y;DG= �:vU?uT CI]i)YOJryA= (

RP ä:_� I= op�rA �?ZB]fU B=>z 

]۶ .[
I=?P > Dy:O =?:_A  P?�A (Gibbs and Bara, 1962) oP o�]i ?PSVcI Ruf� Cz YU I>= JK lI �?Z VP]t= SY_:yt QGIR; =B oeUzYfU�?Z ¢D� I= Cz CI]i ?L� MJrP opyt Y;DG= MBR .MJrP ¤f� YA C?�U 9b?�AYP?Gl=I M?ryA YU?�O?U Vv�U �:vU?uT ROI o� JLB �?Z ?LA= MC?uvWO Jc op�rA �?Z SB>= =?� oP Y;DG= ?G gJryw

 

YA I=�?Z D� CI]i ?LB=>z £?vK oP Y;DG= M)Dub]L =?:_A]۶ ([ VcI ä:_� `DG= �:vU?uT Yb>)äWPz =?:_A]۶.([  
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-���ي�����0 ��

!%&��&�� #�� �'� 1��+�0 �* #���'�*"
  ROIC?uvWO Jc op�rA �?Z o�wOJryA= qG?Alz =BYVv�U lI Yb> SB=IJU MB?Gl VP]t= £N� RPIRP =B YG�?P =?:vP V:c?vK > VcI =IB=]ZRP�[Ll VA>?pAYgJ�UCz

(Su) £z ?P ~?fi lI |T YA qL?� <J; oPqG?Alz �G?uU =B =?un= dGI o{ JP?G ?Loc M YA gJGB M=]jA];UJ .o��ZIM?Alz lIGq ?LM ۳=]jAM}?@U I �>IJ� =B gJ;۱> w o� I=IVcI gJ;.  

  

جدول
�� $���� ��ها&��$!� �
 ����� %* �"��*� %&��& #����& ]

�"
[

  
$#� حداقل آزمايش پارامتر  ميانگين���

Su (kPa) UU 60 680 260 
C (kPa) CU 30 80 60 

φφφφ (degree) CU  25 35 30 
C’ (kPa) CU 30 50 40 

φφφφ’ (degree) CU 30 39 34 

  MIRP>B =B YuA>?pA M?LRuA I=?T VcI }l� M=IJG?T D:b ?Uz }?@U IBRO d::_i �?y;I of:U > �?y;I Vb?KUJ .RuA I=?T ROI ?LMC’ >φ’  oP
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��oU]fU lI gJAz VcB ?LgB=]EU VcB �?y;I M  

 (34o, 40 kPa) oU]fU > ?LVcB �?y;I MgB=]Z(36o, 40 kPa)
I= YA gJL?�A Sm:G?fU ovG?pAVcI FGBDU mL oP =?:vP �G?uU o� m:r� IJn �Rn ob�vA dGI >(Feda, 1996)  ppjA RG?c >:R::ai B=]A =B dRhI =B gB=]Z VcB Vb?K oP gB=]EU VcB Vb?K lI |b Vb?KYA VG]pi I= �?y;IJr� .oU]fU ?LoU]fU > gB=]Z VcB M ?LVcB M =?un= �?y;I lI |T |b �?Z gB=]EUGU ?v[YVA>?pA > ou;IBCz ?L oU]fU oP?�A ?LA gB=]Z VcB MYJ;?P .=B £z R:h?i RxGB <=?y� oP YA Cz VA>?pA VnI oP R@rA |b k?ZB];I >Gh?i d:R<IRh I oP ?�AC?fuZ?c <IR::ai lI Rh?uA gJGJT >B RL > VcI YOB=]Z VcBYA k?Z YWZIB;?PrJ .IGd?uUGجpji ?P:<?pWyXY>= gJ; }?@U IM k?Z ?LMvbYB=IB VpP?�A]۳>۸ .[  

  ����"� $���� 
�ها&��$!��� �
 �����
��*� %&��& #���' ]
�"
[

  
$#� حداقل آزمايش پارامتر  ميانگين ���

Su (kPa) UU���	
 � 90  150 120 

C’ (kPa) CU ���	
 � 30  50  40  

φ’ (degree) CU ـ���	
  34 39  36  

C’ (kPa) CU���	
 �
�� �  40  100 70  

φ’ (degree) CU���	
 �
�� �  30 35  32  

  �G?uUqG?Alz ?LoG>Il d:xU?:A =IJpA =>?�A Qc]i gJ; }?@U I M �?e��IVcBI= �?y;I QGIR; =B gB=]Z۳۶QGIR; =B > o�=B �?y;I of:U�wYA B=>zRP o�=BJr� .qG?Alz ?LM}?@U I M=]jA ocQGIR; =B gJ; Y�eLl �?e��I oG>Il D:U gJU=?xU Qc]i gJ;B>JK I= �?y;I۳۴>zRP o�=BB=YAJG?fU) 
�[;۶( .D:b ?U z MIRP YU I>R:; M=IJG?T ?LC?uvWO Jc CDEA æ:;?K Y_:yt M 

RGB?pA lIqG?Alz =B gJAz VcJP gJ; Y�eLl �?e��I oG>Il d:xU?:A ?LM �A Qc]i gJ; }?@U I=>?P BJ_i VW� oP:?Alz Ru�GuU > <?�:?u@ Cz Ri�?P =?yu� I ?LYA gB?�ucIB];.  MIRPتع::dgJ; Y�eLl YOJryv� C’ ?P �?y;I of:U Vb?K =BVcI �?Z MR:fZ JK lI Ruf� VP]t= J�=B oeUz oP o�]i)
JK RPIRP Qc]uA =]t oP op�rA |b MR:fZ PL = 20 YAJ;?P (YACI]i ?PB?fu�I�A?�qG?Alz �G?uU oP ?LV�R; Qc]i gJ; }?@U I M =IJpA S=>?�A C’ ?:A lI I=d:xUqG?Alz dGI lI gJ; `=IDO RGB?pA ?L BR� d::_i )YOJryv� YrjrA�[; =B۱ lI gB>JjA dGI =BB=IJU MJGJ; VnI > gB]P ouc]:T VP]t= J�=B <IR::ai .(MIRP ?A I gJ; Y�eLl YOJryv� d::_i�?y;I (C’) 

I }l�<?��tI Vc RP B=]A B]�]A=P Yc:Ru�MR:O =IRXUJ .qG?Alz ?LM=]jA oc M �R; sRt lI gJ; }?@U Iت
d:xU?:A =IJpA =>?�A C’ 

I=۴۰]W:� I= Cz �XIJK =IJpA > �?[c?T۳۰YA B=>zRP �?ec?T ]W:�Jr� 

)
�>J�۱.(qG?Alz �G?uU ?LdGI =B gB=]EU VcB > gB=]Z VcB M

VcI oP?�A B=]A .?AlzqG ?LgJU=?xU Qc]i gJ; }?@U I M=]jA oc M =IJpA C’ 
I=> R�� d:P۷YA B=>zRP �?ec?T ]W:�Jr� .

RP lI |TYc= 9UI]� ofL،YUI>R:; M>= RP M=IJG?T D:b ?U z }?@U I MIRP ?L =IJpA
C’=15 kPa

Rpi o{G�B?_A ?ylI gJAz VcJP YOJryv� d:xU?:A qG?Alz ?LqG?Alz > =>?�A M ?LgJU=?xU MAY?rf� > J;?PP?�G?uU b ?U z:زu�ORPY (Back Analysis) o�U IRi M>= RP gJ; }?@UI ?LM D:U �jA =B B]�]A Y_:ytU I]EfLYP]ZYB=IBVcI gJ; gB?�ucI.  

  

0

100

200

300

400

0 100 200 300 400 500 600 700

p' (kPa)

q' (kPa)

s '3 = 300 kPa

g d=16.2 kN/m3

f  ' = 34 Deg
C' = 0

s '3 = 150 kPa

g d=17.2 kN/m3

s '3 =150 kPa
g d=16.2 kN/m3

 

شكل
��+0 ي���

ي���
���� ��
شي

���� �ي*%� �
ي 1��+�0 �* #���'�* �� #�� �'� %&��&"
  ���� �ï�þ ù öï÷��ñ ïþ� õ îï��øه� I =B M=IJG?T M?LD:b ?U z }?@U I MIRPGdpji: }RU lI=IDn ISlope-W  oA?URP lI Y[G o{ ?LM=IDn I }RU ouvP MGeo-Slope  YAgB?�ucI J;?P VcI gJ; .YGIB?U?{ V{R; Qc]i =IDnI }RU dGI                   

«Geo-Slope International Ltd.»  
�?c =Bw��w> gJ; o� I=I G[Y iJGJ� lIdGRiRyu_A > dGRoA?URP ?LD:b ?U z MIRP B]�]A MI oU?G I= M YUI>R:; M=IJG?T ?L ~?cI RP`>= ?LYA =?f; oP MJK �B?_i MB>=.   =B`>= C?:A ?LMYA R�U oP M=IJG?T D:b ?U z MIRP gJ; R�åJc= `>= ?LC?fA �B?_i o� YG ?L?�=I C?ADfL =]t oP I= ?L>R:U >¢YA - JURi 9c?rA Jrr�]۹[ .D:b ?U z `>= =]�rA d:fL oP GLE 

�B?_i o{ YA =IRXRP I= C?fA > >R:UYA =?f; oP 9c?rA orGDO FG SJr�B>= .=B U d:P `>= dGIM>R:oP MI o�P I= SMI o_�X d:P Y;RP > �?ARU <=]�YA �Rn RGlB];:  

)۱(  )( xfEX λ=  o�=BCz�   
X�M>R:UY;RPMI o_�X d:P،  

E�M>R:UU�?ARMI o_�X d:P،  

f(x)�M>R:U ¤P?id:Pd:P M>R:U JrG IRP YyvU V�� o� MI o_�X YA äGR_i I= MI o_�XJr�،  
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λ� YyGR�o�YA C?�UMI o_�X d:P M>R:U ¤P?i lI MRv� o� JLBB>= =?� oP JG?P Y;RP M>R:U æyc?jA MIRP   oPR@iYA C?�U¦?y�UI Yc]r:c of:U M>R:U ¤P?i £?EuU I o� JLB YUI>R:; QGIR; ?P MRu�P ?LB=IB]۹ .[

I  P?�AGdMIlI oP `>= äWuEA RGB?pA  λ9GR� RGB?pA SVcI R:auA FG > R�� d:P o� C?r:ftIFf  >Fm  YA oyc?jA];UJ. Ff gJAz VcJP C?r:ftI 9GR� > ?L>R:U YpnI �B?_i obB?_A du;]U lI Fm 
VcJP C?r:ftI 9GR� fA �B?_i obB?_A du;]U lI gJAzC? ?LYAJ;?P .=IB]fU mc= lI |TM 

Ff  > Fm 9vK RPλ 9GR� > �E�A =IB]fU >B B=]ZRP �jA λ B=]ZRP æ�pU oP �]PRAتع::dYAB]; .9:iRi dGI oP ¤X I> =B lI M=IJpAλ  YA VcJPmL > ?L>R:U �B?_i mL Cz MIlI oP o� JGz �B?_iC?fA ?LVcI =IRXRP]۹.[
I =BGdpji: >R:; ofL MIRPYU I ?L o� VcI gJ; MR:O o@:uU �]f@A =B > gJ; }?@U I V:c?vK D:b ?U zRT CDEA Vb?K =B

 (Steady State) lI gJAz VcJP C?r:ftI 9GR�s�uZI > VcI FGBDU mL oP =?:vP YU?fA �B?_i > YG>R:U �B?_iCz ?LlI <=JU oP۰۱۰/۰?@il>YAJr� .gJ; }?@U I M?LD:b ?U z =B INb  :pji dGI =B`>= lI ?L`>= > gJ; ���I �?�:P M GLE gB?�ucI VcI gJ;.  ?PYU I>R:; oeUz oP o�]i ?L9:; ¢D� CDEA C]AIR:T M ?LY_:yt M YA £?vK oPJrGz، D:b ?U zCz M=IJG?T ?LV:_�> Vb?K >B =B ?�riCDEA £z ¤GRc VnI Vb?K > CDEA CB]P RT C?Al =B oun?G �B?_iJ; JLI]Z }?@U I .YG?cB (Desaiee, 1997) YUI>R:; D:b ?U z ?P  ?L?P M ]�U 9GIR� > ocJrLذD:b ?Uz o� J:c= o@:uU dGI oP <>?�uA MRGNT `>IRiIRPMIG; d:U I>RY ?L=B > VcI =IB=]ZRP oG]U ?h V:fLI lIgB]yU `>IRi D:b ?U z }?@U I oP Ml?:U C?r:ftI 9GR� oyc?jA =B o@:uUYA >£z BIlz ç�c lI gB?�ucI ?P CI]i=?�nN�rAMBl d:fEi I=.oP i=?y�YIR;GL Q:i?ucI>=J:[YA =]�rAYB];.  

  ��
�����&���2���)� 
Probabilistic Analysis
! ?P �?yi=I =BM=IJG?TYU I>R:; ?LoP VcI }l� CDEA FG æ:;?K MYp�rA MI orA IB Sk?Z M?LRuA I=?T MIRP  :XB BIJ�I d::_i M?�RuA I=?T dGI <IR::ai MIRP?L=]�rAgBIB YOJr�IRT R:h?i > gB]fU ?LM B=>z £?vK oP M=IJG?T B=>zRP =B I= Ye:rei]�§ .Yi�?fuKI D:b ?Uz<?:Wf� =B MR:x�:T �P?XR:¡ M?L?�Z lI YufvX VcI =B?XYr:_A?U > YL?x�G?Alz ?LM?LRuA I=?T d::_i =B B]�]A YiIå M JG?fU CIRy� I= Ye:U?eA.   ?fuKI D:b ?U z }?@U I =B=IDn I }RU Qc]i Yi� Geo-Slope

=IJpA RP=?� S > Qc]uA|U?G=I>B=I> I= RuA I=?T RLgB]fUCz RP =IDn I }RU �Rn >lI |U?G=I> > d:xU?:A =IJpA oP o�]i ?P R�U B=]A RuA I=?T o� VcIYA V:_yi �?ARU ¤Gl]iJr� .YUI>R:; M=IJG?T D:b ?U z =B ?LCl> MIRP �I oG>Il SYOJryv� S\]�EAR�U =B |U?G=I> k?Z YWZIB �?e� VcI gJ; ounRO .B?pAGR=I>G|U? ?LM=I> lI gJ; £?EuU IG|U? 

gBIB ?LM?AlzGL?x�YVcI gJ; oyc?jA)=I>G|U?>IlGهk?[��Iw
 =I> > o�=BG|U?OJryv�Yb?Uz =B:?LDMP äWuEA:d ۱۵?i۳۰ 

WA[:ک �?[c?TYJ;?P.(  MIRPdGI =B Yi�?fuKI D:b ?U z }?@U I]b=?� VU]A `>= lI g§>RT VcI gJ; gB?�ucI .Yi�?fuKI D:b ?U z BRP=?� o� VcI M=>zB?G oP }l�YfU =IRX R:h�i Vji I= d:_A D:b ?U zJLB .ofL C?r:ftI 9GR� IJuP I `Dab �]�cB?pA ~?cI RPGQc]uA RdGRi YU IRjP > gJ; oyc?jA Cz ?Ld:_A Yi�?fuKI D:b ?U z lI �puvAYA|�c > B];M>= RP YA }?@U I Yi�?fuKI D:b ?Uz YU IRjP `Dab ç�cB]; .D:b ?U z �KIRA lI VcI <=?y� ]b=?� VU]A `>= =B Yi�?fuKI]۹>۱۱[�  
۱- £?EuU Id:_A M=IJG?T D:b ?U z }?@U I MIRP `>= FG)`>= R:�U gJ; ���I �?�:P(  w
-

RP ?LRuA I=?T |U?G=I> > Qc]uA =IJpA d::_i 
¤Gl]i ~?cI U YnB?�i�?AR.  

۳- 
d::_i RP=?� Qc]i o� Yi?_nB BIJ_i oP oA?URP oWKRA dGI =BYnB?�i <=]� oP D:b ?U z =?P RL MIRP > gBR� IR�I I= oA?URP SVcI gJ;YA R�U =B MB>=> M?LRuA I=?T MIRP =IJpA FGO:BR.   

۴- D:b ?U z RL lI gJ; oyc?jA C?r:ftI 9GIR� |U?G=I> > d:xU?:A�Rn ?P > gJ; oyc?jACz V:_yi ?LYb?x� ¤P?i �?ARU ¤Gl]i lIYA mc= Yi�?fuKI ¤Gl]i ¤P?i > �?fuKIB]; .oWKRA dGI C?G?T =BYA �E�A C?r:ftI�Z?; > YU I>R:; YxuE:vO �?fuKIBBRO
.  

  "�
���ها%$2��$�� ����&� ���
 ,�' ��?Z J; C?:P o� =]t C?fL ?LoP VyvU Yvb MVP]t==?:vP > JruvL ~?vKM?LRuA I=?TYuA>?pACz ?LVP]t= J�=B qGIDn I ?P YA R::ai <J; oP �?y;I o�=B ?GGJP? .�B]i �� =]�rA d:fL oPYA m:vpi �?y;I of:U > �?y;I o:K?U >B oP YU I>R:; �?ZB]; . oG� �A?; �?y;I æ:K?U ?LYxr:G]A oG� SCDEA £z �?ARU lIRi RGl MOJU=?P R:h?i Vji �?Z Yj�c oG� >A YYJ;?P .Yr:P?r:P op�rAYA YpWi �?y;I of:U oG� Yxr:G]A oG� > Yj�c oG� >BB]; .MIRPVnRO =IRX Yc=RP B=]A o�Uz  P?�A �?y;I of:U > �?y;I oG� >BcI gJ; ounRO R�U =B YuA>?pA M?LRuA I=?Tت.  

  ��öúù�� ïû ��ñ ïþ� M?LD:b ?U zIJG?T D:b ?U z > d:_A D:b ?U z �A?; M=IJG?TYi�?fuKI M= YAJ;?P .YUI>R:; ofL oP �]PRA <?��tI Vyh lI |T ?LoP o�]i ?P S 9:; YcJrL �:n>RT CB]P �]ruA ?LYU I>R:; o:W� S ?LM?ryA RP �?�i=I (H) 9:; oG>Il >(β)  �?�]f@A > JUJ; MJrP opyt�w�
 P �?�i=I ?P YU I>R:; oucB:d ۶?i۴۱>Il > RuAG9:;هP:d w�?i

۶۵�=BCz MIRP >�E�A o ?LgJ; }?@U I M=IJG?T D:b ?U zVcI.  IGWji d:� ?LYA C?�ULBrYU I>R:; �Jf� o� J ?L> MR:xPz lI |T YA =IJG?T CDEA MB?� BReWf� C?Al =BlI Yf� BIJ_i ?�ri > JrU?A
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,حسين�� 
��(�
��  ي����
��YUI>R:; ?LJri 9:; MI=IB �?iJf� o�)lI q:P۵۰o�=B (YAJr;?P، e�]� C?r:ftI 9GR� MI=IBI]Z FG lI RuJrL 

J; .
b >Y lI M=?:vP YU I>R:; ?LlI Ruf� C?r:ftI 9GR� CDEA £z ¤GRc VnI QGIR; =BB]P JrLI]Z =IJG?T ?U > ou;IB FG .mv:U?eA > g]jU oA IBI =B YxuE:vO ?L`Dab m@K > �KIRA S ?L> �fujA M »YG?�U �:n>RT =IJG?T «YUI>R:; ?LYA =IRX Yc=RP B=]AJUR:O.  

پر����  
���$�� �$��& (�
�YUI>R:; �G MIRP?PYA �= YA?xrL M=IJG?T ?U �E�A ocJrLJLB �G oP 9:; �XIJK C?r:ftI 9GR� o{qL?{GJP? .QGIR; dGI =B YA �[; YUIRjP ç�c BIJuA I =B `Dab> BR:O oP YU I>R:; ocJrL YA R::ai JGJ� V:_�>GJP? .VcI d[fA JGJ� V:_�> dGI Yb>=B C?Al �]tVjih?i:R¤GRc VnI QGIR;?U=IJG?TBBRO`Dab > JLB �= Cz =B MJGJ� .YA JrGIRn dGI INb=IR[i oWKRA Jr� JU I]iJcRP YG?�U =IJG?T �:n>RT oP YU I>R:; ?i BBRO .YxU]x� �=?P=BQGIR; Vji =IJG?T Vb?K oP =IJG?T?U Vb?K lI YU I>R:; FG CJ:c=RP B=]A `>= oc SCDEA £z ¤GRc VnIVcI ounRO =IRX Yc= .

RL =B `>= oc،CBIB =IRX ?P I= £z ¤GRc VnI QGIR;�P?pA £z �?�i=I ;:U I>RYR�� RPIRP(H’=0) Yub?K =BYU I>R:; �ZIB =B £z lIRi o{YA =]�rA B=IB =IRX £z VnI lI �yX Vb?K =Bm:G?fU.  

 A `>= A روش������  
z }?@U I MIRP gJ; ounRO =?� oP `>= C?fL o�M=IJG?T D:b ?U YU I>R:; ?LYA RGl �KIRA �A?; SVcI gB]P  :pji dGI =BJ;?P:  

۱- D:b ?U z�Rn ?P > YU I>R:; æ:b>I YcJrL �:n>RT ?P o:b>I M=IJG?T 

H’=0}?@U IYAB]; .  w
- 

�]�c`Dab`Dab ç�c > gJ; �E�A D:b?U z C?G?T =B YU IRjPYA £?EuU I C?r:ftI 9GR� =IJpA dGRuf� ?P R� ?ruAB]; .9GR�gJ:A?U o:b>I C?r:ftI 9GR� I= oWKRA dGI =B gJ; oyc?jA C?r:ftI?P I= Cz >
1FSYA qG?fUm:LB.   

۳- m@K�]PRAou;IBRP YU I>R:; lI S�yX æWKRA `Dab ç�c oP�IBJ@A 9:; �JU?f:X?P �:n>RT > gJ;IR; VjiGRc VnI QG£z ¤ YA D:b ?U zB];.   

۴- KRAW
�۳9GR ه CJ:c= ?i JU>= dGI > gJ; =IRei �IBJ@AYA oAIBI FG RP IRP �XIJK C?r:ftIJP?G.  

B روش�����"   lI �yXC?:P`>= �KIRA B Y;>= d:r� £?EuU I VW� oP VcI }l� B]; g=?;I .D:b ?U z Y_:yt YUI>R:; FG M>= RP m:r� �Rn ROI9GR� ?P `Dab �]�c MBIJ_i > gJ; }?@U I M=IJG?TC?r:ftIVcI Cz Yc?cI �I�c SJ;?P gJ; �E�A Cz MIRP FG lI Rue�]�`Dab lI FG }IJ� ?LYA �]X> oP RiB>l gJ; �E�A MoP > JUJU]:T

`Dab æfL ?Gz YW� =]t ?LCz R� ?ruA C?r:ftI 9GR� o� YG ?L B?unI JrLI]Z ¦?�i I VcI FG lI Rue�]� .D:b ?U z MIRP m:LI]EP ROI P CDEA £z ¤GRc VnIJrGzRn RP VcI }l� m:LB �c?T �I�c dGI oBBRO �A�i MRu�:P VXB ?P M=IJG?T ?U oP R@rA Y@G=Ji.  lIRi d:b>I =B So:b>I �?ARU lIRi lI £z ¤GRc VnI �>R; ?PM9GR� o�SJcRP FG lI Ruf� M=IJpA oP `Dab �]�c lI Y[G M>= RP C?r:ftId:b>I`DabYA �=IRX ?P 9:iRi d:fL oP > JLB£z �?�i=I dunRO =FG lI Ruf� C?r:ftI 9GR� ROI oWKRA RL =B SRuf� M?LlIRi =BK?U =B YxuE:vO SJ;?P:هJ_PMB?un I JLI]Z ¦?�i I .?i JU>= dGI YA oAIBI =IJG?T �:n>RT oP YU I>R:; �:n>RT CJ:c=JP?G.   oPYA R�U`Dab Yr:P q:T MIRP MJU>= d:r� £?EuU I Jc= ?LM vU YU I>R:; FGJ;?P Ri FGBDU V:_X I> oP �yX `>= oP Vy .
dGIRP?rP `>= B YA YnR_A RGl �KIRA ?PB];:  

۱- D:b ?U z�Rn ?P > 9:; o:b>I YcJrL �:n>RT ?P o:b>I M=IJG?T
1−′=′ oHH) H ′ >oH ′RuA 9vK RP (YA }?@U IB]; .oH ′ VcI YU I>R:; o:b>I ¦IRaucI �?�i=I .£z VnI RuA �G RL MIRP D:b ?U z VcI gJ; }?@U I.  w
- 

�]�c`Dab> gJ; Yc=RP �yX æWKRA D:b ?Uz C?G?T =B �fujAYA �E�A �XIJK C?r:ftI 9GR�B];.   

۳- 
æWKRA C?G?T =B ROIw9GR� S`Dab �]�c lI MBIJ_i MIRP S?P FG lI Rue�]� C?r:ftI?P R� ?ruA `Dab ç�c SJ;dGRue�]� C?r:ftI 9GR� (FSmin) 

t]PRA `Dab m@K > £?EuU IهM>= lI YA ou;IBRP YU I>R:;=B > gJU?f:X?P �:n>RT ?P YU I>R:; > B]; C?fL YA D:b ?U z �IBJ@A S£z YWyX lIRiB]; .oP CJ:c= ?i ?LD:b ?Uz dGI YA oAIBI YW:n>RTCz �XIJK C?r:ftI 9GR� o� JP?GFG lI RuO=DP J;?P .
æWKRA C?G?T =B ROIwFG lI RuO=DP �XIJK C?r:ftI 9GR� S æWKRA oP J;?P۴YAmG>=.  

۴- ç�cæWKRA > gJ; gB=>z d:G?T RuA FG 9:; �P?pA £z۳ YA =IReiB];.  

۵- 
æWKRA ۴CJ:c= ?i H’ YA oAIBI R�� oPJP?G.  

  
C روش����� `>= C 
`>= oP?�A B i ?�ri > gB]P=B o� VcI dGI =B Cz <>?� æWKRA۳9GR� dGRue�]� oP �]PRA `Dab ç�c oeUz M?� oP C?r:ftI (FSmin) 

dGRuO=DP oP �]PRA `Dab ç�c SB]; £?EuU IFG lI Rue�]� C?r:ftI 9GR� (FSmax) 
£?EuU IYAB]; .=]t oP RL VcI `>= dGRi Yp�rA `>= dGI YW{Jr�oc RL �G?uU o{ B?Gl Y[GBDU `>=JU=IB mL oP M.   =B 

¤XI>}?O ROI
 ?L£z ç�c qL?� MIRP gJ; £?EuU I M CDEA)H∆ (

dGI =B o�o_b?�AgJ; �Rn RuA FG M>?vAVcI SB]; £?EuU I F�]� Yn?� �lIJU I oPn>RT:� ?LM?TG=IJ`>= ?LM C >B  B]P JrLI]Z  y�rA mL RP.  
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R:; FG =IJG?T YG?�U �:n>RT�?�i=I ?P YU I>w��?�i=I > RuA ¦IRaucIo:b>I ۱۵9:; oG>Il > RuA۴۵`>= lI o� o�=B ?LMC ،B  >A  YA C?�U I= VcI gJAz VcJPJLB .gJGB �e; =B o� =]t C?fL YA`>= o� ROI SB]; A 

�:n>RT Yb> VcI Ri oU I=?� o�n?jA Y�JU I A =IJG?T YG?�Uoyc?j`>= lI gJ; ?LgJ; R�å äWuEA MoP =?:vP > gB]P FGBDU mL YA ��f��]�c d::_i `>= £?EuU I o� V�O CI]iYfU =INOR:h?i =IJG?T YG?�U �:n>RT RP CIJr� Yb I]uA YxuE:vO - J;?P.   YW�`>= YGIRxfL V�Rc oeUz m¡= ?LMC  >B  `>= oP VyvU A `>= £?EuU I =B gJU=?xU �G�B SVcI Ru�:P A M=IJG?T D:b ?U z MIRP YU I>R:; ?LlI Jri=?y� £z ¤GRc VnI Vb?K =B�   
۱-`>=  A?LD:b ?U zYA l?¡z ¤�> dGRi YU IRjP lI I=Jr�INb >�G?uU YA VcJP MRi oU I=?� o�n?jAJLB.   w
- YL?xU=IDn I }RU Qc]i gJ; }?@U I M?LD:b ?U z �G?uU oP YW�  
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