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Ea=@ 'j}ta |=yOwo CN=U x@ uwRi=RwQ p}=tD w uQ=t |=yx}q |wQ Q@ R} Q@D QyW |xaUwD
C}iQ_ |UQQ@ 'Q[=L Q=DWwv hOy "CU= xOW uQ=t |=yl =N QO |DwQo |=yQmv= |=QH=

w VRN |=yV}=tR; Q@=Q@ QO =yu; Q=DiQ 'R} Q@D uQ=t QO xOW=QH= |DwQo |=yQmv= |WWm
T=}kt =@ pmWl} |DwQo Qmv= OOa 10 =Pr "CU= |WWm |=ywQ}v Q@=Q@ QO COtOvr@ V}=B
uQ=t l =N pN=O QDt|Dv=U 11 Q]k w QDt 3 |xOWj} QRD pw] 'QDt 4 O=R; pw] x@ |ak=w

w s=Hv= Qmv= 4 |=Q@ VWm |=yV}=tR; "OW xDN=U R} Q@D x=oWv=O |WywSB C}=U QO
QO Qmv= 6 'COtOvr@ V}=B CyH "Ot; CUO x@ |WRN |=yQDt=Q=B w |oDN}Uo |wQ}v
QO wQ}v Vy=m w C�=Qk x=t 6 COt x@ =yu; QO xOv=t|k=@ |wQ}v 'pik hrDNt |=ywQ}v

xm O=O u=Wv G}=Dv "OW xU}=kt |ak=w |=yC�=Qk =@ w |v}@V}B |[=} Q \@=wQ =@ u=tR pw]
?@U w xHwD p@=k 'uQ=t QO VRN Cra x@ Qmv= x=ox}mD |vD@ OB CUWv w pmWQ}}eD

"OvDUy pik QO xOv=t|k=@ |wQ}v Vy=m

amirali mahouti@yahoo.com
katebi@tabrizu.ac.ir

V}=B 'VRN '|WWm Ctw=kt 'R} Q@D uQ=t '|DwQo |=yQmv= %|O}rm u=oS=w
"COtOvr@

xtOkt "1
'Q}=RHr= QO xiQWr=OU 'u}= OwHw =@ |rw "OOQo|t Q@ s=yovtQ}@ � uOvr uy;x=Q Q}Ut
p=U QO xm CU= |RwQt= swyit x@ =yQmv= R= Q}osWJ w xOQDUo |xO=iDU= OQwt u}rw=
x]@=Q QO C=ar=]t |QU l} '1970 p=U R= 'xOLDt Cq=}= QO [1]"OW s=Hv= 1934
|Ov@`tH 5=yx=QoQR@ p=QOi |xQ=O= w 4|oO}vDTB |xUU-wt\UwD |t�=O |=yQmv= =@
|Q@Dat |=yOQ=Ov=DU= u} wOD x@ C}=yv QO QwmPt C=ar=]t [7�2]"CU= xOW QWDvt w
w `H=Qt u=wvax@ w QHvt 'OvDUy |rta C=}@ QHD w |Qw�D Vv=O u}@ |rO=aD xm

[9w8]"Ov=xOW xO=iDU= u=yH K]U QO Q@Dat |=yxt=vu}};
hrDNt |=yl =N QO R}v =yu; |x@U=Lt |=yVwQ w Ckwt |DwQo |=yQmv=
'xOv@UJ |=yl =N QO [13�10]"CU= xOW |UQQ@ u=QoWywSB R= |O=OaD \UwD
\w@ Qt l =N |xOWv|WmyR |WQ@ Ctw=kt R= |@} Q[ x@ ,qwtat =yQmv= Ctw=kt
VqD hrDNt |=yl =N QO QwmPt ?} Q[ h} QaD x@ C@Uv u=QoWywSB xm OwW|t
CU=yu; Q=DiQ QO |Q=PoQ}F-=D QDt=Q=B '=yQmv= |Q=yt w O=R; pw] [15�13'11w10]"Ov=xOQm
'l =N ẁv Q@ xwqa [16]"CU= xOW xar=]t hrDNt |=yu=tR=U w O=Qi= \UwD w
Q=Wi Q=Okt =yu; R= |m} xm OvQ=O =yQmv= Q=DiQ QO |O=} R Q}F-=D R}v |}=QH= |=yVwQ
V}=Ri= [18w17]"CU= xOW |UQQ@ u=QoWywSB \UwD u; |xOv}=Ri= Q}F-=D w xOw@ CwQo
CwQo |QwLtlD Ctw=kt V}=Ri= %p}@k R= 'pt=wa R= |}xawtHt p}rO x@ xOWQmP

xDiQo pmW |DiQ@; |=yQDU@ w Q=wty |i=QowB wD Kw]U QO R} Q@D QyW |x}rw= |xDUy
QDU@ l} QO QyW R= |a}Uw VN@ '|kQW CyH QO xaUwD w OWQ =@ |rw 'CU=
uOw@ Ct}ku=Qo "CU= xDiQo Q=Qk uQ=t |=yx}q |wQ Q@ QDW}@ w Q=wty=v |i=QowB wD
|Q=OQ@Owo x@ R=}v w QDW}@ C=k@] E=OL= x@ xkqa 'EL@ OQwt |x}L=v QO |[=Q=
C}OwOLt w =yu}tR h=Q]= QO OwHwt |=yxR=U OwHw u}vJty w wU l} R= j}ta
=HQO K}rUD |=yVwQ x@ QDW}@ xJ Qy uOQw; wQ Ea=@ 'Qo}O |wU R= Q=m |=[i
2nv}r}v w �|Q=yt� 1Qmv= |xOta xwQo wO x@ =HQO K}rUD |=yVwQ "CU= xOW
Q@ OQ=w |WWm |wQ}v =yQmv= '|rm h} QaD l} QO "OvwW|t s}UkD �|Q=PoM}t�
&OvyO|t p} wLD Q_vOQwt |xOwD x@ w p=kDv= l =N QO Q_vOQwt |x]kv =D =Q =yu;
=Q l =N CmQL R= xOQ=w |=ywQ}v 'u=Wpw] pm |R} QCwQo x@ xHwD =@ 3=yp}v |rw
|Dw=iDt OQmrta u}=Q@=v@ w Ovvm|t ptLD u=Wpw] pm QO |QwLt CQwY x@ w ?PH

"OvQ=O
QO p=v=m |xQ=w}O |Q=Oyov |=Q@ w syORwv uQk QN=w= x@ =yQmv= R= xO=iDU= M} Q=D

pw�Ut xOvU} wv �
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QQ@q=@ |Q}tN C}Y=N =@ |Dr}U =} |UQ ẁv R= QwmPt O=wt 'l}Uqm l =N l}v=mt
V}B jta x@ K]U R= xJ Qy w OvQ=O |O=} R |oOR=wy O=OaDU= w OvwW|t |Ov@xk@]
\@DQt xOWs=Hv= |=yV}=tR; "OwW|t QDy@ Ct=kDU= ^=Lr R= =yu; C}a[w 's} wQ@
'RDQ=wm %pt=W ,=twta R} Q@D uQ=t ?r=e |=y|v=m xm Ov=xO=O u=Wv Q[=L VywSB =@
w CU= �6 R= QDtm R} Q@D uQ=t QO |r; O=wt OYQO "OvDUy C}@r; w C}Urm 'C}r}=
�11 OwOL QO s}Urm C=v@ Qm Q=Okt w CW=O Oy=wNv l =N X=wN QO |O=} R Q}F-=D

"CU= xOw@ Q}eDt �34 |r=

OwHwt VwQ T=U=Q@ =yQmv= |L=Q] "3
Ctw=kt 'l =N w CwQo u}@ 8|m =m]Y= Ctw=kt Q@=Q@ ,=U=U= =yQmv= 7|}=yv Ctw=kt
xm s=Om Qy 'CwQo |oDN}Uo Ctw=kt w CwQo w �OQor}t =}� OvQDU= u}@ |m =m]Y=
uQ=t l =N QO =yQmv= Q=DiQ w Ctw=kt |UQQ@ x@ xHwD =@ "Ow@ Oy=wN 'OW=@ QDlJwm
"CU= xOW |UQQ@ l =N w CwQo u}@ |m =m]Y= Ctw=kt \ki 'Q[=L VywSB QO
x@ xOv@UJ |=yl =N QO l =N w Qmv= CwQo u}@ |}=yv |m =m]Y= Ctw=kt

[1]%OwW|t x@U=Lt 2 w 1 \@=wQ CQwY
Quf = �DLafmax (1)

fmax = �Su (Cohesive soil) (2)

'Qmv= |xOW |R} QCwQoVN@ Q]kD '|}=yv |m =m]Y=Ctw=ktQuf '=yu; QO xm
� 'Qmv= |xOWQ=yt pw] L� 'CwQo w l =N u}@ |m =m]Y= VvD |xv}W}@ fmax

"CU= xOv@UJl =N|xOWv|WmyR|WQ@Ctw=ktSu w 9|@ QHD |xOvy=m?} Q[
u}vJty "CU= xOW x�=Q= 2 w 1 |=ypwOH QO fmax w�|=Q@ xOWx}YwD Q}O=kt
w =}HQwH Cr=}= QO =v=w=U uQ=t u}@ |m =m]Y= Ctw=kt [32]'|Qo}O VywSB QO

"CU= xOW |Q}oxR=Ov= `@ Qt QDt|Dv=U Q@ sQowr}m 1 53 'uD@

Qmv= VWm |=yuwtR; "4
l}vmDw�S |WywSB C}=U "1"4

R= TB ,=twta u; u} Q} R |=yx}q w OQ=O Q=Qk QyW |kQW VN@ QO R} Q@D x=oWv=O
QO|WywSBC}=U O=H}= |=Q@ "CU=|vQ=t |=yx}q pt=W 'xv=OCWQOCiQ@; |Q=Okt
|rLt =D OW VqD 'x=oWv=O pN=O QO x]kv OvJ|W}=tR; |Q=iL =@ 'Q[=L |xar=]t
pt=W 'xar=]tOQwt jta =D K]U R= xm |}xvwo x@ |WywSB C}=U O=H}= |=Q@ ?U=vt

"xOv@UJ |=yl =N |=Q@ � |xOWx}YwD Q}O=kt "1 pwOH
� ?} Q[ |WQ@ Ctw=kt l =N ẁv

(kg=cm2)
0 3�0 35 0 9 [10]uOvr TQ
0 28�0 36 2 7 CiU |r}N xDi=} s}mLDV}@ TQ

[14]=}r=D}= '=}v=Q=D
0 48�0 6 2 87 [11]T}rov= QDU}r CiU |r}N =D CiU uQ=t

0 45 0 95 [15]nQw@Uv=ywS |UQ Cr}U
0 63�0 66 1 2 [13]T=RoD CiU TQ

xOWj} QRD CwQo w h=Q]=\}Lt =@ CwQo|U=tDVvDV}=Ri= 'Q=WiCLD xDi=}VQ}o
[19]"CU=ylQD w xRQO x@

|xQm QO |OOa |R=Ux}@W xt=O= QO w |ak=w T=}kt |=yV}=tR; |QU l}
QO j}kO |Ov@ Q=R@= =@ =Q =yu; pw] QO VvD VNB |xwLv w =yQmv= OQmrta '|@ wvH
R= [21w20]"CU= xOQm XNWt =Q =yu; Q@ sm =L |Q=DiQ pOt w xO=O u=Wv =yQmv= pw]
xO=iDU= Qmv= w l =N u}@ wQ}vVNB QDy@ syi w Qw_vt u}= |=Q@ R}v Sw}i} QDv=U x=oDUO
V}=Ri= w =yQmv= OQmrta Ow@y@ CyH C=ar=]t 'Q}N= |=yp=U QO [22]"CU= xOW
\U@ 6�xv=to l} QO xv=oOvJ |=yQmv=� VwQ w xOW RmQtDt =yu; |Q@ Q=@ C}iQ_
xv=to l} QO Qmv= OL=w OvJ ?Yv pt=W VwQ u}= [26�23]"CU= xDi=} VQDUo w
|oO}vDV}B C=R}yHD ,=D}=yv w Q=OQ}o pw] 'O=R; pw] '|Q=yt l} OL=w Qy xm CU=
u@ Qm Q@}i =@ xOWKrUt |Qt}rB |=yxtUD R= xO=iDU= u}vJty "OQ=O OwN XDNt
O=wt [27]"CU= xOW xar=]t =yu; |WWm Q=DiQ w pw=ODt 'OvQDU= w OQor}t |=H x@
u}@ QO '?U=vt |m}v=mt X=wN w |oOQwN Q@=Q@ QO q=@ Ctw=kt Cra x@ QwmPt
'u}J |=yR}; pB w [28]'uB=S QO xSwQB 80 R= V}@ QO '2015 |r= 1993 |=yp=U

[29]"Ov=xOW xOQ@ Q=m x@
p=kDv= |xwLv xm Ov=xO=O u=Wv |OOa |=y|R=UpOt w |y=oW}=tR; C=ar=]t
|oDU@ |tQv =} |DNU ^=Lr R= l =N u; \}=QW x@ h=Q]= l =N x@ Qmv= R= wQ}v
|=yxDWyv x@ C@Uv R} Q@D CNU ,=twta uQ=t l =N QO =yQmv= Q=DiQ u}=Q@=v@ [30]"OQ=O
Ctw=kt |UQQ@ 'Q[=L VywSB R= hOy "Ow@ Oy=wN Cw=iDt u; sQv ,=twta |}xv=O
u}vJty w VRN Q@=Q@ QO =yu; Q=DiQ w R} Q@D uQ=t QO xOW=QH= |DwQo |=yQmv= |WWm
Qmv= 10 |wQ Q@ =yV}=tR; "CU= |WWm |=ywQ}v pik Q@=Q@ QO =yu; COtOvr@ V}=B
`k=w |WywSB C}=U QO 'uQ=t l =N |x}q pN=O QO xOW=QH= w |ak=w |xR=Ov= =@
=yQmv= COtOvr@ V}=B w VRN |WWm uwtR; pt=W xm OW s=Hv= R} Q@D x=oWv=O QO
|Q}oxR=Ov= uQ=t QO =yQmv= |}=yv |WWm Ctw=kt 'QwmPt |=yuwtR; |xH}Dv QO "Ow@
pw] QO xOWpik |wQ}v Vy=m u}vJty "Ot; CUO x@ =yu; |WRN Q=DiQ w OW
|xO=U \@=wQ =@ =yu; QO wQ}v Vy=m w =yQmv= pmWQ}}eD OW VqD w |UQQ@ u=tR

"OvwW |v}@V}B w pOt |[=} Q

xk]vt |=yuQ=t |UQQ@ "2
uQ=t |rLt Kq]Y= |rw 'CU= xD=v@ Qm |=yl =N |=Q@ |rm Kq]Y= l} uQ=t
uQ=t 'lB w |k=RQD [31]"OQ}o|t Q@ QO =Q uQ=t |=yl =N R= |Y=N |xOQ 'R} Q@D
"Ov=xOQm h} QaD R@U nvQ x@ CiU Q=}U@ =D CiU |}=} QO |xD=v@ Qm l =N |awv =Q
nvQ x@ C}Urm pt=W 'TQ w Cr}U =@ |}xU=t |xDWyv u=wvax@ =Q uQ=t 'QwwU
sQv ly; nvU l} =Q uQ=t R}v |DQ=m lt w CU= xOQm |iQat R@U =} |QDUm =N
xOQm xQ=W= 'p@ w xDUv=O TQ R= |ve w xD=v@ Qm 'sQv |Lr=Yt =Q uQ=t 'pJ}t "Ov=O|t
|r= 35 =@ |=ynvU |=Q@ xm CU= hrDNt |v=at =@ Kq]Y= l} uQ=t xm CU=
C=@ wUQ =Q uQ=t 'V=wk "OwQ|t Q=m x@ TQ R= |O=} R Q=Okt w C=v@ Qm OYQO 65

[31]"CU= xOQm |iQat C=v@ Qm OYQO 80 |r= 55 =@ |my;
|r=tW '|kQW|L=wv QO xm OvDUy|}xJ=} QO |xD=v@ Qm C=@ wUQ 'R} Q@D |=yuQ=t
QDU@ nvU |xOvyOp}mWD 'QyW |L=wv QDW}@ QO w OvQ=O ORuwQ@ QyW |@ wvH w
'|irDNt |=ynvQ x@ QwmPt |=yuQ=t "OvQ=O Q=Qk |DiQ@; C=@ wUQ Q} R QO w OvDUy
xm OvwW|t xOy=Wt |QDUm =N w �CQOv x@� |}xwyk '�R@U� |vwD} R 'OQR %xrtH R=
Q_v R= "OvQ=O Q=Qk jta QO |QDUm =N w |}xwyk w K]U QO |vwD} R w OQR |=yx}q
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"|WywSB C}=U QO =yQmv= |=QH= "1 pmW

|=QH= R= p@k "Ow@ QDt|Dv=U 11 Qmv= Q]k w QDt 4 5 'uwtR; lH x@ p=YD= CyH
CN=U x@ s=Ok= '|Q=PoQ=@ |=yV}=tR; |=Q@ Q@ Q=@ K]U l} O=H}= Qw_vt x@ =yQmv=
x@=Wt� QDt|Dv=U 40 jta w QDt|Dv=U 120� 120 O=a@= x@ KrUt |vD@ |=yOB
|=Q@ QDt|Dv=U 13 Q]k x@ M=QwU l} |R} QuD@ s=ovy "OW u}tR QO �|mD |=y|B
Q[=L |xar=]t |=Q@ =yOB R= OOa 10 O=OaD "OW =QH= =yOB \Uw QO Qmv= CN=U
|Q=iL x@ s=Ok= 'xt=O= QO "OW |Q=Oyov x@=Wt C=ar=]t Q}=U |=Q@ |k@=t w xO=iDU=
j@=]t |O=@ VwQ x@ Kr=Yt |x}rND w |Q}HvR MQJ =@ |v=QwO VwQ x@ =yQmv= pLt

"�1 pmW� OW
TBU "OWv xO=iDU= nv}U}m R= 'VR} Q sOa w Kr=Yt TvH x@ xHwD =@
xOW |Ov@hqe w |Q=mxwRQ '|R=UxO=t; ,q@k xm QDt|r}t 32 Q]k x@ |}=yOQor}t
=yQmv= |Q=yt pw] |R} QCwQo xrY=iq@ w OvOW xO=O Q=Qk =yxv=to pN=O QO 'OvOw@
w ^iL Q=@ 0 5 R= QDtm xQ=wty CwQo j} QRD Q=Wi "OW s=Hv= QDt 3 |xR=Ov= x@
28 |Q=Wi Ctw=kt u}ov=}t "OW xDiQo Q_v QO 0 5 Q@=Q@ u; u=t}U x@ ?; C@Uv
OQor}t "Ot; CUO x@ `@ Qt QDt|Dv=U Q@ sQowr}m 230 Q@=Q@ =yCwQo |QwLtlD xRwQ
VWm uwtR; G}=Dv T=U=Q@ w Ow@ QDt|r}t 32 Q]k x@ Q=OG; ẁv R= xO=iDU=OQwt
'`@ Qt QDt|Dv=U Q@ sQowr}m 2 05� 106 Q@=Q@ |v=UWm pwOt 'u; |wQ Q@ xDi=}s=Hv=
sQowr}m 6280 |}=yv s=mLDU= w '`@ Qt QDt|Dv=U Q@ sQowr}m 4530 s}rUD |x]kv
|Q=Po =H w p=DUOB CN=U x@ s=Ok= 'C}=yvQO "OvOt; CUOx@ `@ Qt QDt|Dv=U Q@
Q=QkDU= |=Q@ =yQmv= QU QO QDt|Dv=U 1 Ct=N[ w 30�30 O=a@= x@ |Rri |xLiY

"OW wQ}v uOQm pik u=mt= w lH ?U=vt

VWm uwtR; "3"4
lH %pt=W 'Qmv= VWm x=oDUO l} |x}yD x@ s=Ok= |WWm |=yuwtR; s=Hv= |=Q@
%p}@k R= '|Q}oxR=Ov= |@v=H Q=R@= w wQ}v uD 40 VWm C}r@=k =@ l}rwQO}y AtB w
xO=iDU=OQwt C=R}yHD '2 pmW QO "OW |m}vwQDmr= Vm\N w Q=Wi pUOwr 'G}o

"OwW|t xOy=Wt uwtR; s=Hv= |=Q@
Qw_vt x@ w [8]'xOLDt Cq=}= pkv w ptL |xQ=O= |xt=vu}}; pwY= T=U=Q@
=@ x=Qty Qmv= VWm |=yuwtR; 'uQ=t pN=O QO Qmv= COtOvr@ w |WWm Q=DiQ |UQQ@
xOWpik |wQ}v �xy=t 6� COtOvr@V}=B |=Q@ 11VvmQ@ uwtR; w 10VRN |Q}oxR=Ov=
x=oDUO ?Yv R= TB 'VWm V}=tR; s=Hv= |=Q@ "OwW|t s=Hv= w |R} Qxt=vQ@ 'u; QO
w OW pmWQ}}eD |=yG}o uOQm QiY x@ s=Ok= 'xv}tm |x}rw= |wQ}v l} p=ta= w

xOWQ=yt pw] QO CwQo w l =N u}@ fmax |m =m]Y= VvD |xv}W}@ "2 pwOH
[9w8]"xOv@UJ |=yl =N w =ynvU |NQ@ |=Q@

Q=OH |}=yv VvD \UwDt l =N ẁv
(kg=cm2)

0 3�0 7 sQv |Dr}U TQ
0 3�0 7 |Dr}U TQ
0 3�1 0 O=} R =D \UwDt |Q}tN Cr=L 'CiU TQ
0 7�1 7 O=} R =D \UwDt |Q}tN Cr=L 'CiU |r}N TQ
1 0�2 5 \UwDt |Q}tN Cr=L 'CiU TQ
1 4�3 5 \UwDt |Q}tN Cr=L 'CiU |r}N TQ
2 8�3 8 \UwDt |Q}tN Cr=L 'CiU |r}N |}xU=t Cr}U
1 5�2 5 xOR=wy uQ=t
8�14 CNU |=yp}W
2�8 sQv |=yp}W

"V}=tR; OQwt |x}q |=yuwtR; G}=Dv |xYqN "3 pwOH
|QDt 7 |r= 4 jta C=YNWt uwtR;

Su = 4 6 kg=cm2 xOWv|WmyR |WQ@ Ctw=kt
� = 210; c = 2 6 kg=cm2 s}kDUt VQ@

q = 5 8 kg=cm2 |QwLtlD Ctw=kt
� = 190; c = 1 84 kg=cm2 |QwLtxU VQ@
LL = 75; PL = 58; P I = 17 nQ@ QD= OwOL


 = 1978 kg=cm3 |a}@] XwYNt uRw
W = 30� |a}@] C@ w]Q

LOI = 31 2�; TGA : 26 3� s}Urm C=v@ Qm OYQO
XRF : 16 4� �VwQ 3�
O:C = 5 6� |r; O=wt OYQO

C}twrwO�C}Urm�RDQ=wm |rY= |=y|v=m
�Tm}= |xaW= V=QB�

C}@r=�C}vwr} Qwt Cvwt�C}r}= |aQi |=y|v=m
�Tm}= |xaW= V=QB�

N = 52 OQ=Ov=DU= Pwiv uwtR;

u=tDN=U |wQ@ wQ |=yxBD |xvt=O QO xOWQmP \}=QW "OwW |}=U=vW 'OW=@ uQ=t
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1. Anchor
2. Nailing
3. Nail
4. post-tensioning institute
5. federal highway administration
6. single bore multi anchors
7. ultimate capacity
8. friction resistance
9. empirical reduction factor
10. extended creep test
11. lift-o� test
12. critical creep tension
13. creep failure
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