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C}iQ_ '|oOwr; u=R}t w xOwr; |x}q Ct=N[ '|m =N ?}W V}=Ri= =@ Ov=xO=O u=Wv
C}iQ_ '?}W |x@r R= |B uDiQo xrY=i =@ xmu}= ut[ "O@=}|t Vy=m |Q=wv |B |Q@ Q=@
|Q@ Q=@ C}iQ_ w CUWv - Q=@ |=yQ=Owtv pt=W |OOa G}=Dv "O@=}|t V}=Ri= u; |Q@ Q=@
Vy=m xv}W}@ u=R}t "Ov=xOW |HvUQ=@Da= xDWPo |y=oW}=tR; |=yuwtR; G}=Dv =@ |B |}=yv
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C}iQ_ u=wD@ '|oOwr; ẁv w R} Ql =N ?}W '|oOwr; OYQO 'xOwr; |x}q Ct=N[
|OOa |=yp}rLD "OQm |v}@V}B =Q |m =N |v=wQ}W Q@ QkDUt |Q=wv |B |Q@ Q=@
'Q}}tQw w wQov} Q@� CU= xOW s=Hv= Plaxis2D OwOLt |=RH= Q=Ri=sQv \UwD

[31]"�2007

=yVwQ w O=wt "2
CQwYx@ �2018� u=} QyWw@ |v=}H=L w Q=mwH \UwD u=wva u}ty CLD |}xar=]t
|y=oW}=tR;G}=Dv R= xO=iDU= =@ wj}kLDu}= QO p=L [32]"CU= xOWs=Hv=|y=oW}=tR;
R= TB "CU= xOW |HvUQ=@Da= w O=H}= |OOa pOt l} 'VywSB u; x@ \w@ Qt
"OwW|t |UQQ@ xOW O=H}= |OOa pOt QO hrDNt |=yQ}eDt Q}F-=D '|HvUCLY
j@] u; s=v w xOw@ xOW |Ov@xv=O O@ xU=t |y=oW}=tR; j}kLD QO xO=iDU= OQwt l =N
xOw@ OYQO l} OwOL l =N |a}@] C@ w]Q OYQO "Ow@ SP O}=i}vw} |Ov@xk@]
|=yxvwtv "CU= xOW xO=O u=Wv 1 pmW QO QwmPt l =N |Ov@xv=O |vLvt "CU=
,qt=m R=o Civ w O}iU Civ =@ OYQO 4 w 3 '2 '1 |oOwr; |vRw |=yOYQO =@ l =N
xO=iDU= l =N C=YNWt w 1 pwOH QO xOvvmxOwr; O=wt C=YNWt "OvOW xDWe;
xOW s=Hv= |=yV}=tR; OQ=Ov=DU= |xQ=tW "CU= xOW x�=Q= 2 pwOH QO R}v xOW
'�|QDtwQO}y� |HvU?; w =wy '|Ov@xv=O pt=W 'ASTM OQ=Ov=DU= |xawtHt R=
'D6913 '?}DQD x@ s}kDUt VQ@ w |@Uv |r=oJ 'l =N |xOwD |xS} w |r=oJ

"CU= D3080 w D4254�16 'D854�14 'D7928�17
|oOwr; |=yOYQO =@ l =N |=yxvwtv |wQ R}v s}kDUt VQ@ V}=tR; 5 O=OaD
Ctw=kt |=yQDt=Q=B 3 pwOH "CU= xOW s=Hv= |y=oW}=tR; j}kLD QO hrDNt
"OvyO|t u=Wv =Q =yxvwtv pmW Q}}eD VvD |=yQ=Owtv 3 w 2 |=ypmW w |WQ@
C}a[w QO 's}kDUt VQ@V}=tR; R= pY=L l =N |WQ@Ctw=kt |=yQDt=Q=B Q}O=kt

"Ov=xOW x@U=Lt VvD |xv}W}@

QkDUt |B |Q@ Q=@ C}iQ_ O}OW Vy=m R= |m =L V}=tR; |xH}Dv "OvOQm |@=} RQ=
QkDUt |Q=wv |B l} |Q@ Q=@ C}iQ_ �2001� T=O w u}W [14]"Ow@ xOwr; l =N Q@
|=yxvwtv QO |Div O=wt |=wDLt [15]"OvOQm xar=]t =Q `=@W= Q}e |xOwr; |xU=t
|Div |oOwr; 'V}=tR; G}=Dv T=U= Q@ "Ow@ Q}eDt OYQO 6 =D QiY u}@ |W}=tR;
"OwW|t l =N |rN=O l =m]Y= |x} w=R w |Q@ Q=@ C}iQ_ O}OW Vy=m x@ QHvt
Q@ QkDUt |}xQ}=O |=y|B |Q@ Q=@ C}iQ_ '�2018� u=} QyWw@ |v=}H=L w |L]@=
[16]"OvOQm |UQQ@ |y=oW}=tR; CQwY x@ =Q R=o Civ w O}iU Civ x@ xOwr; |xU=t
|xU=t Q@ QkDUt |}xQ}=O |=y|B Q=DiQ '�2018� u=} QyWw@ |v=}H=L w |v}UL
|=v@t Q@ u=W}= "OvOQm xar=]t |@ w=vD |Q=PoQ=@ QF= CLD =Q |Div O=wt x@ xOwr;
OYQO uDW=O =@ =yv; ltm x@ xm OvOQm x�=Q= |]@=wQ |OOa w |y=oW}=tR; G}=Dv
u=R}t w |@ w=vD Q=@ |xvt=O w |Q=PoQ=@ Ot=U@ w xOwr; |x}q Ct=N[ '|oOwr;
|v}@V}B u=wD|t =Q u; x@ uO}UQ |=Q@ |Q=PoQ=@ |=yxQwO O=OaD w |B |t�=O CUWv

[17]"OQm
Q}F-=D CLD w OwW|t `k=w |m =N ?}W l} CQw=Ht QO |B l} xm |v=tR
|wQ l =N xm |]}=QW =@ xU}=kt QO u; |Q@ Q=@ C}iQ_ 'OQ}o|t Q=Qk s�=k |=yQ=@
'�2012� u=Q=mty w u} wov= [21�18]"O@=}|t Vy=m 'OQ}o|t Q=Qk u}tR |ki= QDU@
Q}F-=D CLD u=tRsy |m =N ?}W Q@ QkDUt |B l} |Q@ Q=@ C}iQ_ xm OvOQm xQ=W=
u}}aD |=Q@ xm C=ar=]t u}= R= |NQ@ [22]"CU= ?}W |oDN}Uo w |B |oDN}Uo
x@ 'CU= xOW s=Hv= |m =N |=y?}W CQw=Ht QO |L]U |=y|B |Q@ Q=@ C}iQ_
"CU= xDiQo CQwY |OOa w |y=oW}=tR; |xw}W x@ Qo}O |NQ@ w |r}rLD CQwY
|Q=wv |=y|B |}=yv |Q@ Q=@ C}iQ_ |r}rLD pL �1989� u=Q=mty w u=Q=U
x�=Q= |OL p}rLD |=yVwQ w |OL pO=aD |xrO=at R= xO=iDU= =@ =Q ?}W Qw=Ht
|�RH w ?}W CtU QO xiQ]l} CUmW CQwY x@ p}rLD u}= ZQi [23]"OvO=O
u=kkLt Qo}O |y=oW}=tR; pOt =@ xOt; CUO x@ G}=Dv "Ow@ K]Ut u}tR CtU QO
|OL pO=aD VwQ R= xO=iDU= =@ |rOt �2010� =Dwt w |rDU=m "CU= xOW xU}=kt
|UQQ@ u; uOw@ uwiOt w ?}W R= xrY=i QF= CLD =Q |B |Q@ Q=@ C}iQ_ w OvOQm x�=Q=

[24]"OvOQm
Qw_vt x@ hrDNt |R=Uy@ |=yVwQ R= xO=iDU= |UQQ@ x@ u=kkLt R= |ywQo
w h=wwU "OvDN=OQB |m =N |=y?}W Q@ QkDUt |=y|B |Q@ Q=@ C}iQ_ V}=Ri=
CN=wvm} u=tRsy Q=@ QF= CLD |}xU=t |xOvRer ?}W |UQQ@ x@ �2012� Q}_v
|xU=t |x}q uOQm u} Ro}=H j}kLD u}= QO [25]"OvDN=OQB |}xNQJ w �l}vwDwvwt�
QF= 'xar=]t u}= QO "OW |UQQ@ |m}DDvUw�S |xOvvmKrUt |Q=Po}=H w sm =QDt
?}W G=D =D |B |xrY=i u}vJty w Cw=iDt |=yOt=U@ =@ hrDNt |=yQ=@ COW
|B l} |Q@ Q=@ C}iQ_ Q@ 1Qmv= - O} Qo |Oa@xU |xOvvmKrUt QF= "OW |UQQ@
�2009� hD=y w |y=Wtra \UwD |}xU=t ?}W |wQ Q@ xOW xDN=U ?rY |Q=wv
'�2012� u=Q=mty w |v}}=v [26]"OW |UQQ@ |OOa w |y=oW}=tR; VwQ wO x@
?}W Q@ |mDt |Q=wv |B |Q@ Q=@ C}iQ_ |wQ =Q |m}DDvUw�S |=yxOvvmKrUt QF=
|xv}y@ O=OaD u}vJty u=W}= [27]"OvOQm |UQQ@ OwOLt |=RH= VwQ x@ KrUt |UQ
|@=} RQ= =Q 2O} Qow�S x@ KrUt |UQ l =N Q@ l =m]Y= |x} w=R QF= w =yxOvvmKrUt
Q@ QkDUt |Q=wv |B l} |Q@ Q=@ C}iQ_ Q@ =yxOvvmKrUt R= xO=iDU= Q}F-=D "OvOQm
QO [28]"CU= xOW x�=Q= R}v �2014� u=tq w u}mUm \UwD |}xU=t ?}W l}
'xOvvmKrUt |=yx}q |WWm Ctw=kt w O=OaD ' ẁv Q}_v |}=yQ}eDt j}kLD u}=
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[32]"|}xU=t l =N |Ov@xv=O Q=Owtv "1 pmW
[32]"|}xU=t l =N C=YNWt "2 pwOH

xYNWt Q=Okt
(Gs) xS} w |r=oJ 2 65

(mm)D10 QF-wt C=QP |xR=Ov= 0 4
(mm)D50 \UwDt C=QP |xR=Ov= 1 20

Cu |DN=wvm} ?} Q[ 3 26
Cc =vLv= ?} Q[ 1 36

(kN=m3) \UwDt XwYNt uRw  17 75
�xHQO� � |rN=O l =m]Y= x} w=R 34

Dr� \UwDt |@Uv |r=oJ 38
(kN=m3) lWN XwYNt uRw |xv}W}@ 18 78
(kN=m3) lWN XwYNt uRw |xv}tm 16 30

R=o Civ x@ xOwr; |xU=t |ki= u=mt Q}}eD Q@=Q@ QO |WQ@ VvD C=Q}}eD "2 pmW
[32]"
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|rN=O l =m]Y= |x}w=R |oOv@UJ |oOwr; OYQO xOvvmxOwr; ẁv h}OQ
�xHQO� (KPa)

33 0 5 9 0 xOwr;Q}e |xU=t 0
28 0 7 0 1 R=o Civ 1
27 4 7 2 2 R=o Civ 2
26 9 7 2 3 R=o Civ 3
26 0 7 2 4 R=o Civ 4
27 4 6 7 1 O}iU Civ 5
26 5 6 7 2 O}iU Civ 6
26 1 6 7 3 O}iU Civ 7
25 6 6 7 4 O}iU Civ 8

"T}UmrB Q=Ri=sQv QO xOW O=H}= |=ypOt C=YNWt "4 pwOH
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� R}tD |xU=t NS00
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U = 0=5B; 1=0B; 1=5B; 2=0B �3 |oOwr; OYQO 'O}iU Civ NK03
U = 0=5B; 1=0B; 1=5B; 2=0B �4 |oOwr; OYQO 'O}iU Civ NK04

U = 1=0B;X = 1=0B; 2=0B; 3=0B �1 |oOwr; OYQO 'O}iU Civ NK01X

U = 1=0B;A = 100; 300 �1 |oOwr; OYQO 'O}iU Civ NK01A

U = 0=5B; 1=0B; 1=5B; 2=0B �1 |oOwr; OYQO ' R=o Civ NG05
U = 0=5B; 1=0B; 1=5B; 2=0B �2 |oOwr; OYQO 'R=o Civ NG06
U = 0=5B; 1=0B; 1=5B; 2=0B �3 |oOwr; OYQO ' R=o Civ NG07
U = 0=5B; 1=0B; 1=5B; 2=0B �4 |oOwr; OYQO ' R=o Civ NG08
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|}=Hx@=H Q=OQ@� Q=Ri=sQv QO xOW O=H}= |OOa pOt |=y|HwQN R= |m} "4 pmW
"�VRer

|OOa pOt R= pY=L G}=Dv "1"3
xOwr; |}x}q Ct=N[ C=Q}}eD |UQQ@ "1"1"3

w |OOa p}rLD G}=Dv 'Q=Ri=sQv QO xOW O=H}= |x}rw= pOt |HvUQ=@Da= Qw_vt x@
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|Q@ Q=@ C}iQ_ C@Uv |Q@ Q=@ C}iQ_ |oOwr; OYQO U=B xOvvmxOwr; ẁv =y|QU

(BCR) (kPa)

1 00 80 15 0 0 0 xOwr;Q}e |xU=t NS00
0 92 74 00 1 0 5 R=o Civ NG01�1
0 80 64 75 2 0 5 R=o Civ NG02�1
0 75 60 16 3 0 5 R=o Civ NG03�1
0 69 55 54 4 0 5 R=o Civ NG04�1
0 86 69 38 1 1 0 R=o Civ NG01�2
0 80 64 75 2 1 0 R=o Civ NG02�2
0 75 60 13 3 1 0 R=o Civ NG03�2
0 68 55 00 4 1 0 R=o Civ NG04�2
0 80 64 75 1 1 5 R=o Civ NG01�3
0 75 60 16 2 1 5 R=o Civ NG02�3
0 69 55 24 3 1 5 R=o Civ NG03�3
0 63 50 91 4 1 5 R=o Civ NG04�3
0 75 60 16 1 2 0 R=o Civ NG01�4
0 68 55 12 2 2 0 R=o Civ NG02�4
0 63 50 91 3 2 0 R=o Civ NG03�4
0 57 46 29 4 2 0 R=o Civ NG04�4

"Q}eDt |oOwr; jta w OYQO Cr=L QO O}iU Civ x@ xOwr; |}xU=t l =N Q@ `k=w |}xQ}=O |B |=Q@ �BCR� |Q@ Q=@ C}iQ_ C@Uv "6 pwOH
|Q@ Q=@ C}iQ_ C@Uv |Q@ Q=@ C}iQ_ |oOwr; OYQO U=B xOvvmxOwr; ẁv =y|QU

(BCR) (kPa)

1 00 80 15 0 0 0 xOwr;Q}e |xU=t NS00
0 92 74 00 1 0 5 O}iU Civ NK01�1
0 86 69 41 2 0 5 O}iU Civ NK02�1
0 80 64 79 3 0 5 O}iU Civ NK03�1
0 75 60 16 4 0 5 O}iU Civ NK04�1
0 86 69 41 1 1 0 O}iU Civ NK01�2
0 80 64 79 2 1 0 O}iU Civ NK02�2
0 75 60 16 3 1 0 O}iU Civ NK03�2
0 69 55 54 4 1 0 O}iU Civ NK04�2
0 80 64 59 1 1 5 O}iU Civ NK01�3
0 75 60 00 2 1 5 O}iU Civ NK02�3
0 68 55 00 3 1 5 O}iU Civ NK03�3
0 63 50 85 4 1 5 O}iU Civ NK04�3
0 75 60 13 1 2 0 O}iU Civ NK01�4
0 68 55 13 2 2 0 O}iU Civ NK02�4
0 63 50 88 3 2 0 O}iU Civ NK03�4
0 58 46 66 4 2 0 O}iU Civ NK04�4
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j=iD= U/B=0 5 QO |Q@ Q=@ C}iQ_ C=Q}}eD u=R}t u} QDW}@ QYv C=ar=]t j@=]t
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"OwW|t
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"OwW xDiQo Q_v QO xOwr;
xOvvmxOwr; |xO=t ẁv Q}F-=D |UQQ@ "3"1"3

w =yOYQO |xty QO 'CU= xOW xO=O u=Wv 5 w 4 |=ypwOH QO xm xvwou=ty
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Cr=L u} QDW}@ QO O}iU Civ xm |}xvwo x@ "OQ=O |v=wNty |y=oW}=tR; G}=Dv =@
"OvwW|t |Q@ Q=@ C}iQ_ Vy=m Ea=@ OYQO 43 =D R=o Civ w OYQO 42 =D
OYQO 6 OwOL '|Q@ Q=@ C}iQ_ Vy=mQO |oOwr; ẁv wO u}= Q}F-=D hqDN= u} QDW}@
xm xvwou=ty "OyO|t MQ |oOwr; OYQO 2 QO w U/B=0 5 C@Uv QO w CU=
'|Div O=wt x@ xOwr; |m =N ?}W |wQ |B |Q@ Q=@ C}iQ_ u=R}t 'OwW|t xOy=Wt
CHRr Qo}O u=QoWywSB "OQ=O |oDU@ u; ẁv w |oOwr; OYQO x@ s}kDUt Qw] x@
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=t= "OwW|t u; Q@ `k=w |Q=wv |B |Q@ Q=@ C}iQ_ Vy=m x@ QHvt R=o Civ w O}iU
ZQa R= QDnQR@ |oOwr; j=ta= w �2 R= V}@ |oOwr; |=yOYQO |=Q@ Vy=m u}=
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Vy=m Ea=@ OYQO 43 =D R=o Civ w OYQO 42 =D Cr=L u} QDW}@ QO O}iU Civ
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