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50 E (Mpa) |v=UWm pwOt
0 3 � uwU=wB ?} Q[
19 2 G (Mpa) |WQ@ pwOt
41 7 K (Mpa) |tHL pwOt
33 � l =m]Y= |x} w=R
1 7 �d (t=m3) lWN |r=oJ
2 �sat (t=m3) `=@W= |r=oJ

10�6 k (m/s) |Q}PBPwiv
"x}rw= VWwB C=YNWt "3 pwOH
uD@ VWwB Kr=Yt
15 E (Mpa) |v=UWm pwOt
0 2 � uwU=wB ?} Q[
2 � (t=m3) |r=oJ

0 2 t (m) Ct=N[

"|}=yv VWwB C=YNWt "4 pwOH
uD@ VWwB Kr=Yt

25 7 E (Mpa) |v=UWm pwOt
0 2 � uwU=wB ?} Q[
2 5 � (t=m3) |r=oJ
0 4 t (m) Ct=N[

OQwt hrDNt Q}O=kt QO D w C 'H QDt=Q=B 3 '|OOa |=ypOt QO 'CU= xOW xO=O
"CU= xOW xO}HvU |HwQN |=yQDt=Q=B QO u; Q=F; w xDiQo Q=Qk p}rLD

|R=UpOt pL=Qt "5
xi=[= w sm R= xO=iDU= =@ VWwB ?Yv w |Q=iL |=ys=o %pt=W pOt CN=U pL=Qt
|v}tRQ} R ?; |x}rw= \}=QW w xDiQoCQwY |R=UpOt |=ys=o QO =yu=tr= uOQm
pL=Qt "CU= xOW OQ=w pOt |HQ=N |=yRQt x@ l}D=DU=wQO}yQ=Wi CQwYx@

%CU= xOW s=Hv= CQwY u}= x@ |R=Ux}@W
|}xQiL ?; Q=Wi 'x}rw= |=yVvD '2 pwOH j@=]t|m =N Kr=Yt C=YNWt �hr=
u}= CLD pOt w xOW p=ta= pOt x@ xOWQmP |y=ox}mD |RQt \}=QW w 'x}rw=

"CU=xO}UQ pO=aD x@ =yVvD
QO w xOW s=Hv= pvwD |xUOvy |rN=O |=yu=tr= hPL =@ pvwD pt=m |Q=iL �?
QO xOWQmP C=YNWt =@ C} QmD=W |x}q l} pt=W xm x}rw= VWwB 'xt=O=
'|WmyR =@ xm CU= xOW ZQi Cr=L u}= QO "CU= xOW ?Yv 'CU= 3 pwOH
'|}=yv VWwB ?Yv R= Oa@ w OwW xOQw; u}}=B pvwD hm Q} R =D |v}tRQ} R ?; R=QD

"OOQo R=@ OwN |x}rw= |=H x@ ?; R=QD
u=tr= ?}mQD R= xO=iDU= =@ xm '|}=yv |vD@ VWwB 'pOt uO}UQpO=aD x@ R= Oa@ �G
'CU= xOt; 4 pwOH QO u; C=YNWt w xOW |R=Ux}@W 5Ot=H u=tr= w 4|}xR=U
uD@ Ctw=kt "CU= � = 2500 (kg=m3) uD@ |r=oJ "CU= xOW ?Yv

"|OOa |=ypOt |UOvy C=YNWt "2 pmW

"|v}tRQ} R ?; R=QD C}akwt w pvwD |Q}oQ=Qk pLt "3 pmW

"OyO|t u=Wv =Q Q_vOQwt pOt QO |v}tRQ} R ?; R=QD C}akwt w pvwD |Q}oQ=Qk pLt
'pOt |RQt Q=F; hPL Qw_vtx@ |HQ=N |=yRQt w xOW|Q=iL pvwD u}@ |xrY=i
|}xU=t Kr=Yt Q=DiQ "CU= xOW xDiQo Q_v QO pvwD Q]k R= QDnQR@ Q@=Q@ 5 |r= 4
QO ?trm � Qywt |Q=DiQ pOt R= w xOW xDiQo Q_v QO |Q}tNu=UWm '\UwDt sm =QDt
pOt R= R}v |}=yv w x}rw= |=yVWwB |R=UpOt |=Q@ "CU= xOW xO=iDU= |R=UpOt
|=Q@ 3=}=B Cr=L |v}tRQ} R ?; u=} QH \}=QW u}vJty "CU= xOW xO=iDU= u=UWm
xOWxDiQo Q_vQO Kr=Yt C=YNWt "CU= xOW ^=Lr xDU@ty p}rLD pL=Qt |t=tD
xOW x�=Q= 4 |r= 2 |=ypwOH QO ?}DQD x@ |}=yv w x}rw= |=yVWwB w l =N |=Q@

"CU=
|v}tRQ} R ?; Q=Wi `} RwD w pvwD VWwB Q@ OQ=w |=yVvD 'xQ=@ wQ `=iDQ= Q}}eD =@
R= syt pt=a u}= |HvUC}U=UL |=Q@ "OvwW|t Q}}eD VwNCUO pvwD h=Q]=

"CU= pvwD Q]k D w xQ=@ wQ `=iDQ= C u; QO xm 'OwW|t xO=iDU= �CD � C@Uv
hrDNt pwYi |] QO w pvwD Q}Ut pw] QO |v}tRQ} R ?; R=QD R}N w Ci)=
l =N |m}vmDw�S \}=QW Q}}eD ?@U 'u=Q=@sm w u=Q=@ Q)B |=yp=U u}vJty w p=U
nvQQ)B =Q |v}tRQ} R ?; R=QD pFt |tyt pt=a |UQQ@ x@ R=}v xm 'OwW|t pvwD h=Q]=
h} QaD �HC � C@Uv 'pt=a u}= |HvUC}U=UL CyH w Qw_vt u}O@ "OR=U|t
xQ=@ wQ `=iDQ= C w pvwD G=D |wQ |v}tRQ} R ?; R=QD `=iDQ= H u; QO xm 'CU= xOW
K]U %pt=W |v}tRQ} R ?; K]U C}akwt |=Q@ xOWxDiQo Q_v QO |=yR=QD "CU=
u=Wv 1 pwOH QO xm Qw]u=ty "OvDUy pvwD G=D R=QD w 'xQ=@ wQ `=iDQ= hYv 'u}tR

27



"""w
|}x

QiL
?;

Q=W
i`}

RwDQ
O|

Wmy
R\

}=QW
Q}F- =D

"�C3 pOt� |r}rLD VwQ w |OOa VwQ G}=Dv |xU}=kt "4 pmW

"6m Q]k =@ pvwD |xv=}t QO � uu0
� QDt=Q=B C=Q}}eD "5 pmW

' E = 15100pf 0c�ACI318�|x]@=Q x@ xHwD =@xm 'f 0c = 300 (kg=m2)
u; uwU=wB C@Uv w xOt; CUOx@ E = 2 57� 1010Pa u; |v=UWm pwOt

"CU= xOW xDiQo Q_v QO 0 2 R}v
Cr=L QO "OOQo|t R=@ x}rw= u=mt x@ ?; R=QD '|R=UpOt R= xrLQt u} QN; QO �O
=D u; |Q}PBPwiv xm 'pvwD h=Q]= QO Ot=H u=tr= x}q l} 'xOW|WmyR pvwD
u}}=B QO VmyR |xrwr l} x=Qty x@ 'CU= xDi=} V}=Ri= 5� 10�3 (m/s)

\}Lt QO |}xQiL ?; Q=Wi w xOW xDiQo Q_v QO |WmyR sDU}U u=wvax@ pvwD
pvwD |xQ=w}O 'xOWv|WmyR pvwD Cr=L QO "CU= xOW xO=O Q=Qk QiY Q@=Q@ 'xrwr
Qw[L R= |W=v l}D=DU=wQO}y Q=Wi Q=@ s=tD w xOQm pta Q}PB=vPwiv CQwYx@
'xawtHt pm =yDv= QO "CU= xOW p=ta= u; x@ |}xR=U sDU}U h=Q]= QO ?;

"CU= xDiQo Q=Qk |m}rwQO}y � |m}v=mt xDU@ty p}rLD CLD

pOt |HvUCLY "6
|wQ}v Q}O=kt '|OOa pOt |HvUCLY Qw_vtx@ |R=UpOt pL=Qt s=Hv= R= Oa@
xOt;CUOx@ Q}O=kt =@ |OOa p}rLD R= pY=L |QwLtVvD w '|WtN u=tt '|QwLt
`=@W= |=yu}tR QO `k=w |=ypvwD |=Q@ [2]'C@ w@ \UwD xOWx�=Q= |r}rLD \@=wQ R=
|r}rLD\@=wQ w |OOa p}rLD G}=Dv u}@|@ wN|v=wNsy '4 pmW QO "Ov=xOW xU}=kt
QO |OOa p}rLD |=y|vLvt uOw@ QDQ=wty OwW|t u=WvQ]=N "OwW|t xOy=Wt
|r=L QO "CU= |Q}tNu=UWm CQwYx@ |m =N Kr=Yt Q=DiQ |R=UpOt |xH}Dv
ZQi u=UWm CQwYx@ [2]'C@ w@ |r}rLD \@=wQ QO Q=DiQ u}= 'CrwyU CyH xm

"CU= xOW

xOWs=Hv= |=yp}rLD G}=Dv "7
|W=v x} wv=F VWwB Q@ OQ=w |}xQiL ?; Q=Wi C=Q}}eD ?r=k QO p}rLD G}=Dv 'xt=O= QO
hrDNt |=yR=QD x=Qty x@ pvwD hrDNt |=yjta w =yQ]k QO '|WmyR sDU}U R=
?; Q=Wi `} RwD C=Q}}eD w 'VWwB QO xOWO=H}= |=yVvD C=Q}}eD '|v}tRQ} R ?;
"Ov=xOW x�=Q= pvwD h=Q]= u}tR QO |WmyR sDU}U OQmrta Vy=m R= |W=v |}xQiL

|WmyR QF= QO VWwB Q@ OQ=w ?; Q=Wi C=Q}}eD "1"7
u=R}t 5 pmW QO 'hrDNt |=ypOt QO VmyR |x}q |}=Q=m |xU}=kt Qw_vtx@
u 'u; QO xm pvwD |xv=}t QO

�
u
u0

�
xOWxR}r=tQv |}xQiL ?; Q=Wi QDt=Q=B C=Q}}eD

Cr=L QO |}xQiL ?; Q=Wi u0 w xOW|WmyR pvwD \}=QW QO |}xQiL ?; Q=Wi
"(D = 6m) CU= xOW xO=O V}=tv 'CU= xOWv|WmyR pvwD w l}D=DU=wQO}y
?; R=QD uDiQq=@ =@ C w B 'A |=ypOt R= l} Qy QO xm OwW|t xOy=Wt
'C@=F |xQ=@ wQ `=iDQ= <=R= x@ 'xQ=@ wQ jta |xv=}t =D pvwD G=D R=QD R= (H) |v}tRQ} R
"CU= xOW QDW}@ |}xQiL ?; Q=Wi QO Vy=m u=R}t w xDi=} V}=Ri= VmyR |}=Q=m
u=R}t 'xQ=@ wQ `=iDQ= Vy=m =} u}tR K]U =D |v}tRQ} R ?; K]U uDiQq=@ |xt=O= QO
?; Q=Wi QO Vy=m u} QDW}@ 'u}= OwHw =@ "OQ=O |Wy=m OvwQ � u

u0

� QDt=Q=B Vy=m
"CU= u}tR K]U QO |v}tRQ} R ?; R=QD C}akwt x@ \w@ Qt |}xQiL

x_Lqt (C) xQ=@ wQ `=iDQ= QF= |@=} RQ= CyH C w B 'A |=ypOt |xU}=kt =@
Cr=L QO ?; Q=Wi w xOW xOy=Wt A3 pOt QO Vy=m u=R}t u} QDW}@ xm OwW|t
u; |xOvyOu=Wv Qt= u}= "CU= xOw@ l}D=DU=wQO}y Cr=L �8 R= QDtm xOW|WmyR

28



|}=}
raO

tLt
w|

QwU
Oq}

t

"|WmyR R= |W=v |QwLt VvD QO Vy=m |xv}W}@ Q}O=kt "7 pmW

QO VvD x@ C@Uv �32 u=R}t x@ w A3 pOt QO |QwLt VvD Vy=m u=R}t u} QDW}@
?; R=QD uDiQq=@ =@ xm OwW|t u=WvQ]=N "CU= xOW xOy=Wt xOWv|WmyR Cr=L
"CU= x_Lqt p@=k |Wy=m OvwQ 'u}tR K]U =D xQ=@ wQ jta |xv=}t R= |v}tRQ} R
'Q@=Q@ �CD � ?} Q[ =@ |=ypOt QO |QwLt VvD Vy=m Q}O=kt |xU}=kt =@
"O@=}|t Vy=m '|QwLt VvD Vy=m u=R}t 'pvwD Q]k V}=Ri= =@ xm OwW|t xOy=Wt�H
C

� ?} Q[ =@ |=ypOt QO |QwLt VvD Vy=m Q}O=kt |xU}=kt =@ u}vJty
Vy=m '|QwLt VvD Vy=m u=R}t 'pvwD jta V}=Ri= =@ xm OwW|t xOy=Wt 'Q@=Q@

"O@=}|t

|WmyR sDU}U |@=QN "3"7
ptLD =Q 'Ov};|t OwHw x@ ?Yv R= Oa@ xm '|i=[= |=yQ=@ s=tD O}=@ x} wv=F VWwB
|=Q@ xwkr=@ `@=vt |v}tRQ} R ?; \}=QW QO Q}}eD w VRN 'u}tR Ctw=kt Vy=m "Ovm
uRw \ki O}=@ x} wv=F VWwB 'O}=}v OwHw x@ |}xi=[= Q=@ I}y Qo = "OvDUy Q=@ O=H}=
|}=ypvwD =} w lWN ,qt=m |=yu}tR QO \ki Cr=L u}= xm 'Ovm ptLD =Q VOwN

[9]"ODi)=|t j=iD= Xkv uwO@ w Ot;Q=m ,qt=m |WmyR sDU}U =@
l} 'Ov=xOW =OH |WmyR sDU}U =@ x} wv=F w x}rw= VWwB xm |}=ypvwD QO
=@ |=ypvwD QO ,qwtat "OwW|t xO=iDU= QDr}i u=wvax@ 6Q=OM=QwU p}=DUmDw�S |x}q
uRw QF= QO p}=DUmDw�S |oOQWi w O@=}|t p=kDv= R} Q C=QP `tHD '|WmyR sDU}U
C}iQ_ Vy=m "OvwQ|t Q=tWx@ |WmyR C=}rta QO pqDN= pt=wa u=wvax@ xQ=@ wQ
=} w x}rw= VWwB QO |WmyR |=yQ}Ut QO R} Q C=QP `tHD |xH}Dv QO |WmyR
|Q}PBPwiv Vy=m "OwW|t pvwD VWwB QO |}xQiL ?; Q=Wi V}=Ri= Ea=@ QDr}i
"1 %ODi)=|t j=iD= sU}v=mt wO |] R} Q C=QP `tHD |xH}Dv QO |WmyR sDU}U
CL=Ut w Ovvm|t Q}o =yxQiL |xv=yO QO xm QDr}i |=yxQiL R}=U R= QDCWQO C=QP
R= QDlJwm C=QP "2 &OvyO|t Vy=m =Q p=}U u=} QH |=Q@ xO=iDU= p@=k `]kt K]U
|H} QOD Vy=m Ea=@ QDr}i |=yxQiL |xv=yO QO |H} QOD `tHD =@ xm =yxQiL R}=U

[14]"OvwW|t =yxQiL `=aW
sDU}U |Q}PBPwiv Vy=m =@ QDr}i uOWxDU@ |xO}OB 'VywSB u}= |xt=O= QO
Vy=m 'VywSB u}= QO xm CU= sRq QmPD u}= "CU= xOW |R=UpOt pvwD |WmyR
OvJ Qy "CU= xOW ^=Lr pvwD \}Lt QO u=Um} CQwYx@ VmyR |Q}PBPwiv
C}akwt x@ xDU@=w w Cw=iDt pvwD \}Lt pw] QO VmyR |oDiQo w |@=QN ,qta
QO 'VmyR |}=Q=m QO Xkv u}vJty "CU= VWwB \}=QW w |WmyR |=yM=QwU

"ODi)=|t j=iD= R}v u; |Q}PBPwiv Vy=m |xH}Dv QO w VmyR |oOQWi QF=
1 pwOH C3 pOt 'VmyR |oDiQo |xr�Ut p}rLD |=Q@ xOWxDiQo Q_v QO pOt

"10 m Q]k =@ pvwD |xv=}t QO � uu0
� QDt=Q=B C=Q}}eD "6 pmW

jtasm ,=D@Uv |=ypvwD QO |}=yv w x}rw= VWwB u}@ VmyR |x}q OwHw xm CU=
"Oy=m|t |}=yv VWwB Q@ OQ=w ?; Q=Wi R= |O=} R OL =D w CU= QDOt;Q=m

=@ pvwD x@ \w@ Qt xm R}v F w E 'D |=ypOt QO
�
u
u0

� QDt=Q=B C=Q}}eD OvwQ
w CU= QDt 6 Q]k =@ pvwD Ovv=ty '�6 pmW� CU= hrDNt j=ta= QO QDt 10 Q]k
|}=Q=m 'xwqax@ "OQ=O x=Qty x@ |WmyR QF= QO =Q Q=Wi QDW}@ Vy=m '?; R=QD uDiQq=@
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pvwD |wQ Q@ OwOLt p[=iD VwQ x@ Q=Ri=sQv R= xO=iDU= =@ |m}v=mt � |m}rwQO}y
Q=Wi `} RwD QO VmyR OQmrta Q=F; =D 'CU= xOW s=Hv= |v}tRQ} R ?; K]U Q} R
C=Q}}eD u}vJty "OQ}o Q=Qk |@=} RQ= OQwt VWwB Q@ OQ=w Q=@ u=R}t w |}xQiL ?;
"CU= xDiQo Q=Qk |UQQ@ OQwt VmyR uOWxDU@ R= |W=v VWwB Q@ OQ=w ?; Q=Wi

%OvDUy KQW u}= x@ xOt;CUOx@ G}=Dv u} QDsyt

=yCWwv=B
1. coupled analysis
2. clogging
3. steady-state 
ow
4. structrul element
5. solid element
6. needle-punched nonwoven geotextile
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