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$ FRQILGHQWLDO PDQXNVWYUDW VREPUBWHG WR

$ 1HZ 0OXOWL REMHFWLYH &RPSUHKHQVLYH
IRU '"HVLJQ RI $QWL VOLGH 3LOHYV

&KDR ;X /HL ;XH <XDQ &X&GRQJIHQJ *BRQJ\DQJ =KDL
JHQJFKDQJ %DXR\X :DQJ

&RUUHVSRQGLQJ DXWKRU DW

.H\ /DERUDWRU\ Rl 6KDOH *DV DQG *HRHQJLQHHULQJ ,QV\
&KLQHVH $FDGHP\ RI 6FLHQFHY %HLMLQJ &KLQD
7HO ID]

( PDLO DGGUHVV [XHOHLH#EPXH O LJIJFDV DF FQ /

(PDLO DGGUHVVHV RI DOO FR DXWKRUYV
[XFKDR#PDLO LJJEFDV DF FQ &KDR ;X
[XHOHL#PDLO LJJFDV DF FQ /HL ;XH
FXL\XDQ#PDLO LJJFDV DF FQ <XDQ &XL
JXRVRQJIHQJ#PDLO LJJFDV DF FQ 6RQJIHQJ *XR
JKDLPHQJ\DQJ#PDLO LJJFDV DF FQ OHQJ\DQJ =KDL
EIF#PDLO LJJFDV DF FQ )HQJFKDQJ %X
ZDQJKDR\X #PDLOV XFDV DF FQ +DR\X :DQJ

.H\ /DERUDWRU\ Rl 6KDOH *DV DQG *HRHQJLQHHULQJ
*HRSK\VLFV &KLQHVH $FDGHP\ Rl 6FLHQFHV %HLMLQJ
,QQRYDWLRQ $FDGHP\ IRU (DUWK 6FLHQFH &KLQHVH ¢
&KLQD
&ROOHJH RI (DUWK DQG 30DQHWDU\ 6FLHQFHV 8QLYHU"
%HLMLQJ &KLQD
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$ FRQILGHQWLDO PDQXNVWYUDW VREPUBWHG WR

$SEVWUDFW

IDQGVOLGHY KDYH SRVHG D KXJH WKUHDW WR WKH HFRO
DOO RYHU WKH ZRUOG $V WKH PRVW FRQYHQWLRQDO UH
ZLGHO\ XVHG LQ WKH UHLQIRUFHPHQW RI VORSHV &XUUF
EHHQ SDLG WR WKH ORZ FRVW DQG KLJK HIILFLHQF\ RS
+RZHYHU OLPLWDWLRQV LQ WKH PHWKRG RI WKH RSWLPL
SLOHV VWLOO H[LVWXOWWREWSBBHYHDFRAZUHKHQVLYH R
ZDV SURSRVHG IRU WKH RSWLPL]IDWLRQ RI WKH VORSH L
IDFWRU RI VDIHW\ LQWHUQDO IRUFH DQG GHIOHFWLRQ R
LQGH[HVY DQG WKH RSWLPL]DWLRQ LQGH[ ZHLJKW ZDV GHV
DQG REMHFWLYH ZHLJKW 7KH LQIOXHQFH RI WKH SLOH O
WKH UHLQIRUFHPHQW HIIHFW ZDV DQDO\|HG E\ WKH QX
VLPXODWLRQ FDVH DQDO\WLV WKH SURSRVHG PRGHO K
RSWLPL]DWLRQ GHVLJQ RI DQWL VOLGH SLOHV ZKLFK FR
FRVWMMWM RSWLPL]DWLRQ UHVXOWV VKRZHG WKDW WKH E
KRPRIJHQHRXV VORSH FRXOG EH REWDLQHG ZKHQ WKH D
OHQJWK DQG VPDOO SLOH VSDFLQJ ZDV ORFDWHG LQ WK
QHZ VROXWLRQ IRU WKH RSWLPL]DWLRQ GHVLJQ RI RWK
EURDG DSSOLFDWLRQ SURVSHFWYV

H\ZRUSQWL VObGKHOWIOREMHFWLYH FRPSUHKHQVLYH RSW
2SWLPL]DWLRQ *LEOH[PYIBPWHRIXPFAKHPBY VUBXODWLRQ
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$ FRQILGHQWLDO PDQXNVWYUDW VREPUBWHG WR

'"HFODUDWLRQV

)XQGLQJ

7KLV UHVHDUFK ZDV IXQGHG E\ WKH 1DWLRQDO .H\ 5HVHE
&KLQD XQGHU *UDQW 1RV <)& DQG <)&
3ULRULW\ 5HVHDUFK 3URJUDP RI WKH &KLQHVH $FDGHP\
% DQG WKH 1DWLRQDO 1DWXUDO 6FLHQFH )RXQGI
1RV DQG

&RQIOLFWYV RI LQWHUHVW &RPSHWLQJ LQWHUHVWYV

7KH DXWKRUV GHFODUH WKDW WKH\ KDYH QR FRQIOLFW R
$YDLODELOLW\ RI GDWD DQG PDWHULDO

$YDLODELOLW)\ ,I QHFHVVDU\ SOHDVH HPDLO WR WKH FR
'DWD WUDQVSDUHQF\

&RGH DYDLODELOLW\

$YDLODELOLW\ ,l QHFHVVDU\ SOHDVH HPDLO WR WKH FR
6RIWZDUH DSSOLFDWLRQ RU FXVWRP FRGH QRW DSSOLFI
$XWKRUV FRQWULEXWLRQV

&RQFHSWXDOL]DWLRQ &KDR ;X /HL;XH 'DWD FXUDWLRQ
*XR)RUPDO DQDO\VLV &KDR ;X /HL ;XH )HQMLKDXPI %X )X
,QYHVW BRKDRLRQ JHQJFKDQJ %X +DR\X :DQJ OHWKRGRORJ
3URMHFW DGPLQLVWUDWLRQ /HL;XH 5HVRXUFHV /HL;XH
BRQJIHQJ *XR 6XSHUYLVLRQ /HL;XH 6RQJIHQJ *XR 9DOL
=KDL +DR\¥LDRDOL]DWLRQ &KDR ;X OHQJ\DQJ =KDL :ULV
&KDR ;X :ULWLQJ + UHYLHZ HGLWLQJ &KDR ;X /HL;XH
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$ FRQILGHQWLDO PDQXNVWYUDW VREPUBWHG WR

L, QWURGXFWLRQ

'LWK WKH UDSLG GHYHORSPHQW RI JOREDO HQJLQHHUL
EHFRPH D ZRUOGZLGH VLJQLILFDQW SUREOHP LQ HQJLQH
/L HW DO 7KH DQWL VOLGH SLOH DV WKH PRVW FRQYHQW
ZLGHO\ XVHG GXH WR WKH DGYDQWDJHV RI VWURQJ D¢
FRQVWUXFWLRQ &DDQDQY®\BIPDL HWXDHOW DEOHL DQG
&KHQJ 7KHUHIRUH WKH GHVLJQ RI DQWL VOLGH SLO}
PDLQVWUHDP GHVLJQ PHWKRGV IRU DQWL VOLGH SLOH LC
DQG ORUJHQVWHUILDQL PHWKRG ,OLRJIPMIR PHWKRG ,WF
ODWVXL DQG 3RXORV PHWKRZKLFKXDRN EDVHG RQ OLPLW
RU GLVSODFHPHQW FRPSDWLELOLW\ 7KH EDVLF LGHD IRL
WKH UHVLGXDO SXVKLQJ IRUFH DQG DQWL VOLGH IRUFH
WKHQ FDOFXODWH WKH EHQGLQJ PRPHQW DQG VKHDU IR
VXLWDEOH GHVLJQ SDUDPHWHUV VXFK DV WKH SLOH OHQ.
.DQDJDVDEDL HWRRBYHU WKHVH PHWKRGV IDLO WR FR(
EHWZHHQ SLOH DQG VRLOO\ZKL® KFRMD @ IQHR W/ DYEHF XMUNDINEH. O L
UHLQIRUFHG ZLWK SLOHV
5HFHQWO\ PRUH DQG PRUH VFKDADNYG BIDIOW RDBW DO

1LDQ HW DRQ HW DR@DQJ DQG =KBQYH UHDOL]JHG WKH
WKDW WKH SLOH OHQJWK SLOH ORFDWLRQ SLOH VSDFL
VLIJQLILFDQW LPSDFW RQ WKH UHLQIRUFHPHQW RI WKH V1
ILQLWH HOHPHQW PHWKRGV )RU H[DPSOH WKH RSWLPL]I
WKHUH LV D FULWLFDO SLOH OHQJWK ZKLFK FDQ DFKLHY
H[FHVVLYH SLOH OHQJWK FDQ QRW LQFUHDVH WKH IDFW|
FRQVWUXFWLRQ ZDVWUHL | BLKWHIQV HHAWKIBDR VK SDVKD DQG $PLU

‘RQ HW DO7KH UHVHDUFKHVY DERXW SLOH ORFDWLRQ |
VORSH UHLQIRUFHPHQW HIIHFW FDQ EH REWDLQHG ZKHQ
PLGGOH RI WKH VORSH &B®XVDQGRS HRDNDICD|L]L BIWL DO
HW DO /L HW DO®KDQJ HWEDOHL DQG &KHBYHQ JDYH WKH
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$ FRQILGHQWLDO PDQXNVWYUDW VREPUBWHG WR

SUHFLVH SLOH ORFDWLRQ ZKLFK LV P DERYH WKH PLG!
RSWLPDO SLOH VSDFLQJ VKRZ WKDW WKH VPDOOHU VSDF
LQWHJULW\ RI UHLQIRUFHG VORSH LV ZKLFK LV PRUH
UHLQIRUFHG VORSH &PDMDREB ]BJEE -BI®QJ HW DO
.RXUNRXOLV HOX @ BW DEKDQJ HW DBXW WKH GHWHUPLQD)
SLOH VSDFLQJ PDLQO\ GHSHQGV RQ WKH VRLO DUFKLQJ
HQJLQHHIMRBXIK WKHVH VWXGLHV KDYH D JXLGLQJ VLJC
GHVLJQ RI DQWL VOLGH SLOHV WKH RSWLPL]DWLRQ UHV
ZKLFK DUH EHFDXVH WKH RQO\ WKH IDEFWRU RI VDIHW\ RI
RSWLPL]DWLRQ REMHFWLYH

,Q IDFW WKH VORSH UHLQIRUFHG ZLWK SLOHV LV D FRP:
DQG DQWL VOLGH SLOHV 1XPHURXV FDVHV RI WKH UHLQI
/L HW DO/L HW DOLX HW DWKRZ WKDW WKH RSWLPL]DWLRQ
VOLGH SLOHV QHHG WR FRQVLGHU QRW RQO\ WKH VWDELC
VOLGH SLOH LWVHOI 7KHUHIRUH LW LV SDUWLFXODUO\ L
GHIRUPDWLRQ RI WKH SLOH LQ WHRE&JRISW [EBRD]@GV LIRQMJI G HV L J
HW DO UHYHDOHG WKH LQWHUQDO IRUFH DQG GHIRUPDW
YDULRXV UHLQIRUFHPHQW VFKHPHV DQG SRLQWHG RXW
VWDWH ZKHQ WKH VORSH REWDLQHG WKH PDIX®RP IDFWI
FRQVLGHUHG WKH FKDQJH RI SLOH KHDG GLVSODFHPHQ
SUHGLFWLRQ PRGHO IRU DQWL VOLGH SLOHV ZKLFK SUR
GHVLJQ +RZHYHU WKHLU VWXGLHV IDLOHG WR FRQVLGH
YDULRXV SLOH HOHPHQWY DQG JLYH TXDW KW CD/QDYOH VRISFV |
KLHUDUFK\ SURFHVV 386 PXOWL REMHFWLYH FRPSUHKH
PHWKRG /L DQ@HWIH XVHG WR RSWLPL]JH WKH GHVLJQ RI [
WKH HYDOXDWLRQ LQGH[HV FRQVLGHUHG WKH IDFWRU |
FRPSUHKHQVLYHO\ ZKLFK LV FRQFRUGDQW ZLWK SUDFWL

,Q FRQFOXVLRQ LW LV XQUHDVRQDEOH WR LJQRUH Wt
HYDOXDWH WKH VWDELOLW\ Rl WKH VORSH UHLQIRUFHG 1

FRPSUHKHQVLYH RSWLPL]DWLRQ PRGHO EDVHG RQ LP
5
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$ FRQILGHQWLDO PDQXNVWYUDW VREPUBWHG WR

HYDOXDWLRQ ZDV GHYHORSHG WR RSWLPL]JH WKH GHVLJQ
LQGH[HV VA\VWHP DQG WKH FRPSUHKHQVLYH LQGH[ ZHLJI
VDIHW\ EHQGLQJ PRPHQW VKHDU IRUFH DQG GHIOHFWLF
LQGH[HV WNWR&WZDUH ZDV XVHG WR HVWDEOLVK D WKUHH
ZKLFK FRXOG UHIOHFW WKH LQWHUDFWLRQ EHWZHHQ WK
RI IDFWRU RI VDIHW\ DQG WKH LQWHUQDO IRUFH DQG G
YDULRXV UHLQIRUFHPHQW VFKHPHVY DQG WKH SURSRVHG
WKH SURSRVHG RSWLPL]DWLRQ PRGHO LV H[SHFWHG WR S
GHVLJQ RI bQWL VOLGH SLOH HQJLQHHULQJ

OXOWL REMHFWLYH FRPSUHKHQVLYH RSWLPL]DW

JHDVLELOLW\ RI WKH PHWKRG
*HQHUDOO\ PRVW RI WKH HQJLQHHULQJ RSWLPL]DWLRQ
RSWLPLIDWLRQ SUREOHPV DQG WKHUH DUH XVXDOO\
RSWLPLIDWLRQ REMHFWLYHYV 7KHUHIRUH WKH UHVXOWYV
IDFWRU PHUHO\ DUH XQUHOLDEOH 7KH PXOWL REMHFWL"
WDNHV WKH UHVHDUFK REMHFW DV D ZKROH ZKLFK KD
FRPSUHKHQVLYHO\ FRQVLGHU WKH PXWXDO LQIOXHQFH
TXDQWLI\ WKH LPSDFW RI LQGH[HVY RQ RSWLPL]DWLRQ JR
RI DQWL VOLGH SLOHV WR VWUHQJWKHQ WKH VORSH LV
ZKLFK FRXOG EH VROYHG UHOLDEO\ E\ WKH PXOWL REM
PRGHO
2SWLPL]DWLRQ GHVLJQ SURFHVYVY DQG PHWKRG
JLIXUNKRZV WKH IORZFKDUW RI WKH PXOWL REMHFWLY
PRGHO EDVHG RQ DQ LPSURYHG IX]]\ FRPSUHKHQVLYH HY

)L )ORZFKDUW RI WKH PXOWL REMHFWLYH FRPSUHKHQVLYH RSWI

"HWHUPLQDWLRQ RI WKH RSWLPDO JRDOV
,Q WKH GHVLJQ RI VORSH UHLQIRUFHG ZLWK DQWL VOLC

6
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$ FRQILGHQWLDO PDQXNVWYUDW VREPUBWHG WR

SLOH OHQJWK DQG SLOH VSDFLQJ DUH XVXDOO\ FRQVL
UHLQIRUFHPHQW HIIHFW +RZHYHU WKH RYHUO\ FRQVH
HQJLQHHULQJ FRVWV LQ PR¥WDRDMWVD&XHUMIBOH WKH
RSWLPXP GHVLJQ RI DQWL VOLGH SLOHV DLPV WR UHGXFF
ZKLOH VDWLVI\LQJ WKH VDIHW\ Rl VXSSRUWLQJ VWUXFW
UHLQIRUFHG VORSH
&RQVWUXFWLRQ RI WKH RSWLPL]DWLRQ LQGH[ V\VWH
7KH VWDELOLW\ RI VORSH WKH VDIHW\ Rl VXSSRUWLQJ
WDNHQ LQWR DFFRXQW LQ WKH VHOHFWLRQ RI HYDOXDWL
DFFXUDF\ RI WKH RSWLPL]DWLRQ PRGHO 7KH LQGH[ RI V
VORSH UHLQIRUFHG ZLWK SLOHV WKH LQGH[HV RI EHQ
GLVSODFHPHQW UHIOHFW WKH VDIHW\ Rl DQWL VOLGH SL
FRUUHVSRQG WR GLIIHUHQW RSWLPL]DWLRQ VHFKHPHV V
OHQJWKV DQG SLOH VSDFLQJV DQG ZLOO KDYH DQ RE
GLIILFXOW\ DQG HQJLQHHULQJ FRVW 7KHUHIRUH WKLYV
EHQGLQJ PRPHQW VKHDU IRUFH DQG GHIOHFWLRQ RI DQV
LQGH[HV
&RQVWUXFWLRQ RI WKH LQGH[ IXQFWLRQ
6XSSRVLQJ WKDVWRSMWKHUHDWURQ LQGH[HV WR FRPSRVH

RSWLPL]DWL’h(iQ)|LQGI1-l[H1/~m'IRU PUBKHPHY ,Q RUGHU WR

WKH GDWD KLJKO\ FRPSDUDEOH DQG WKH PRGHOLQJ XQLY
VIVWHP /LX HWDQOG WKH PD[LPXP PLQLPXP VWDQGDUGL:
VWDQGDUGL]H WKHDHWDOXDWLQJ LQGH[HV

7KH VWDQGDUGL]HG IRUPXOD IRU WKH SRVLWLYH RSWL
FRUUHODWHG ZLWK WKH UHVXOWV VXFK DV WKH IDFWRU

&) &ij)max
r(i’j) ea(i,J)max"’a( i )ymin
7KH VWDQGDUGL]HG IRUPXOD IRU WKH QHJDWLYH RSWL

FRUUHODWHG ZLWK WKH UHVXOWY VXFK DV LQWHUQDO |

7
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$ FRQILGHQWLDO PDQXNVWYUDW VREPUBWHG WR

DV IROORZYV

&i.iymin_ 3 j)
3(.i)max~8¢ j )min
Fii) €

ZKH8Hmn D @Gymax DUH WKH PLQLPXP DQG P DN KPLXPGHD @ QHW KR

WKFKHPH UHVIGHEWLWKB\VWDQGDUGL]JHG RSWLPL]DWLR

UHODWLYH PHPEHUWKK S QG O MBORIHWHHLY VXERUGLQDWH
RSWLPDO BQOXWHH FRQVWDQW LQGLFDWRUV IRU FRQVWU X
ZKLFK PHHW

7TKXV WKH IX]]\ PDWUL[ FDQ EH GHWHUPLQHG DV IROOR._

r

an T

a

" am)
«
(2m X¢

K

1.2)

r

R e r

2.2) r

«

r 02 o Toam&

CE
'"HWHUPLQDWLRQ RI LQGH[ ZHLJKW
7KH VXEMHFWLYH ZHLJEW3 Q@& HREMHAWL EM WKHIJKW GHW
WKH HQWURS\ PHWKRG DUH XVHG WR HVWDEOLVK WKH F
LQGIHW[7KXV WKH FRPSUHKHQVLYH ZHLJKW RI

IROORZYV

HYDOXDWL
W)

ZKHU}E DQ%y DUH WKH VXEMHFWLYH ZHLJKW DQG REMHF)

7KH REMHFWY,yHFRRLEKWDOFXODWHG DV IROORZV

1 e
W 0

o(i) n

i:1 @ e,)

ZKHEgHLV WKH HOWMKRBSWLMKBWLRQ LQGH]

$QDO\WLY DQG FRPSDULVRQ RI WKH RSWLPL]DWLRQ U
7KH IX]]\ FRPSUHKHQVLY H\WR B® LEPH. |DEAN. RIQQWBOK\HV\Q WK H
ZHLJKW Rl HDFK RSWLPQ® WIKRHQULHDOHW LY H vRH PVEKII VKL S
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$ FRQILGHQWLDO PDQXNVWYUDW VREPUBWHG WR

FRUUHVSRQGLQJ RSWLPL]DWLRQ LQGH[ LQ GLIIHUHQW VF

n m
' LYY
1

O i |
il1j1

@)

7TKH YDOWGHMHUPLQHY WKH RSWLPDO PHPEHUVKLS GHJ
*HQHUDOO\ WKHNDWIWKHKHVRKRUYDOKXBVRQDEOH WKH VFKHI

'HWHUPLQDWLRQ RI RSWLPL]DWLRQ LQGH[HV LC

VLPXODWLRQ

$V PHQWLRQHG DERWMH HWKHL (DFMRQDR IRUFHV DQG GHI
DUH VHOHFWHG DV WKH WDUJHW YDOXH IRU WKH RSWLPL]
EH VLIQLILFDQWO\ DIIHFWHG E\ WKH UHLQIRUFHPHQW RS\
DQG SLOH VSDFLQJ &DKHUHIRBUBLWKH DFTXLVLWLRQ RI R
LV WKH NH\ SUHPLVH Rl FRPSUHKHQVLYH RSWLPL]DWL
VLPXODWLRQ PHWKRG LV VHOHFWHG WR REWDLQ WKH DFEF
WKH UHOLDELOLW\ Rl WKH SURSRVHG PRGHO

(VWDEOLVKPHQW RI QXPHULFDO PRGHO

7KH KRPRJHQHRXV VORSH PRGHOV RI GLIIHUHQW UHLQ!|
SLOHV KDYH EHHQ HVWDEOLVKHG E\ WRN MKRZANHL®L)LHUH

DQG WKH UHLQIRUFHG VORSH PRGHO FRQVLGHUHG E\ P|
‘HL DQG &KHQOQRQ HW DOLV DGRSWHG H[FHSWV VRPH FEKI
GLPHQVLRQV DQG JUTKGL KK@QWNM RR ¥EBROBDU\ FRQGLWLRGC
GLVSODFHPHQW RI ERWWRP ERXQGDU\ LV FRPSOHWHO\ Il
OHIW DQG ULJKW ERXQGDU\ LV UHVWUDLQHG DQG WKH »
&RXORPE FRQVWLWXWLYH PRGHO LV VHOHFWHG WR VLI
EHKDYLRU RI VORSH VRLO 7KH LQLWLDO VWUHVV ILHOG F
7KH HQWLUHO\ UXQ WKURXJK RI SODVWLF JRQH LV UHJDU
'HWDLOV DERXW WKH SDUDPHWHUWKH MRLWRDURI WIKOREAQ
FDOFXODWHG YLD WKH VWUHQJWK UHG XFW LRIMWRHKW KR G
DQG 6DQ:HL HW D®KHQJ DQG =KDHQNLHZLF] HW DO
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$ FRQILGHQWLDO PDQXNVWYUDW VREPUBWHG WR

)L 1IXPHULFDO PRGHO RI VORSH UHL QI/ROJJBBE/GV R IQVEKI PO WIK I GLLGE MV E
I[IURP WKH SLOH WKMWKRWMJIRGWDNMNRBHQIJWK RI WKH VORSH WKH Sl
UHVSHFWLYHO\ )RU LQWHUSUHWDWLRQ RI WKH UHIHUHQFHV WR |

HOHFWURQLF YHUVLRQ RI WKLV SDJ

)L OHFKDQLFDO PRGHO RI SLOH PRGIBISHICQD IW BAS UDQJ BoWV VD Q C
WKHRUPDO FRXSOLQJ VSULQJ DQG WKH VKHDU FRXSOLQJ VSULQJ

UHIHUHQFHVY WR FRORU LQ WKLV ILIJIXUH WKH UHBIGHU LV UHIHUU

7TDEOBK\VLFDO DQG PHFKDQLFDO SDUDPHWHUV RI WKH VORSH

&RQVLGHULQJ WKDW WKH LQWHUQDO IRUFH RI DQ\ VHF\
WKH VROLG HOHPHQW SLOHV DQG WKH DFFXUDF\ RI WKFE
PHVK VLIH &KHQ WWHDWWUXFWXUDO HOHPHQW SLOH ZDV
VOLGH SLOH GXH WR WKH DGYDQWDJHV RI HDV\ PRGHOI
JXDUDQWHHG DFFXUDF\ /HH HWNVB&® KIWPHEKDQLFDO PRGH
SLOH VWUXFWXUDO HOHRMKHWWMUDRKRZD RQIRWFH DQG EF
EHWZHHQ WKH SLOH HOHPHQW DQG WKH PHVK HOHPHOQ\
FRXSOLQJ VSULQJ 6SULQJ $ DQG WKH VKHDU FRXSOLQJ
VWUXFWXUDO HOHPHQW QRGH ZKLFK UHDOL]JHV WKH FR
'"HWDLOV DERXW WKH SDUDPHWHUV RI DQWL VOLGH SLOH

7TDEO3K\VLFDO DQG PHFKDQLFDO SDUDPHWHUV RI DQWL VOLGH SL

,QIOXHQFH RI DQWL VOLGH SLOH ORFDWLRQ RQ VORSH
7KH LQIOXHQFH RI WKH DQWL VOLGH SLOH UHLQIRUFH
LQGEHHNIY VWXGLHG ZLWK WKH SLOH VSDFLQJ RI P 7KH SLC
RI SLOH KRUL]JRQWDO GLVAVD®QRFE W KHRRRVK HR Q®HRSOH OMROH W
ls ZKLFK LV VKRZ&H G NHFWY RI YDULRXV SLOH ORFDWLI

WKH IDFWRU RI VDIHW\ RI WKH VORSH UHL QIR® FPMIGH ZL W |
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$ FRQILGHQWLDO PDQXNVWYUDW VREPUBWHG WR

PD[LPXP IDFWRU RI VDIHW\ IRU HDFK SWOFDQREDVRERD LY
IURWKH )D QW KDKH IDFWRU RI VDIHW\ LV WKH ODUJHVW D¢
LV WKH EHVW ZKHQ WKH DQWL VOLGH SLOH LV RRFDWHG
WKH FRQWUDU\ WKH IDFWRU RI VDIHW\ LV WKH VPDOOH
ZKHQ WKH SLOH ORFDWLRQ /LA DW WHKHH WHRHK ®RW W RHE WDIR
SUHVHQW UHVHDUFK DUH VLPLODUUWIRLWKR VHVIRD@ DL D QG
<DQJ HW EO

)LJ )DFWRUV RI VDIHW\ IRU YDULRXVY SLOH OHQJWKYVY DQG SLOH OR

WR FRORU LQ WKLV ILIXUH WKH UHDGHU LHUHIHUUHG WR WKH H

)LJ OD[LPXP IDFWRU RI VDIHW\ IRU YDULRXV SLOH ORFDWLRQV

The distribution of shear strain increment zone is consistent with the large
deformation area of the slope, which can reflect the position of the critical slip surface
precisely (Zhen@012. The effect of various pile locations on the maximum shear
strain increment and the position of critical slip surface obtained by FISH language is
shown in Figs6 and7, respectively. It is seen from Figsand7 that the change of pile
location has a significant impact on the distribution of critical slip surface. In other
word, the concentration region of shear strain increment andJtked WKURXJIJK FULWL
VOLS MendsItb B behind the anti-slide pil@dJ D G ¥Wie®t®a pile location is
located at the lower-middle part of the sloped(s0.1, 0.3), however, the
concentration region of shear strain increment andtheQ WKURXJK FULWLFDO VC
tends to form in front of the anti-slide pilé$Y H Q \Wwheb tBedile location is located
at the upper-middle part of the sloge/( 0.7, 0.9). Therefore, it is concluded that
there are three different failure modes of slope reinforced with piles. These failure
modes are as follows: (1) slide will originate from posterior surface of the piles when
the pile location is located in the lower-middle part; (2) the critical slip surface is
divided into two disconnected parts and slide is not easy to originate when the pile

location is locked in the middle part; (3) slide will originate from anterior of the piles
11
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$ FRQILGHQWLDO PDQXNVWYUDW VREPUBWHG WR

when the pile location is located in the upper-middle part.

)L &RQWRXU RI PD[LPXP VKHDU VWUDLQ LQ@RUWRKRQW ELO KD ULR
I 1s SLOH /O HR) YWY Ks SLOH /O HR) BW Ks SLOH /0 HR) BIW K

I 1s SLOH /O HR) DAV/K SLOH/OHRJWBNLQJ WKH SSL®HDVSDFLQJ R
DQ H[DPROHLQWHUSUHWDWLRQ RI WKH UHIHUHQFHY WR FRORU LQ

HOHFWURQLF YHUVLRQ RI WKLV SDJ

)LJ 7KH FULWLFDO VOLS VXUIDFH IRU YDD/ERXV BLOH OHQJWKYV DQ
Flil/s Glils Hi{ /s 7DNLQJ WKH SL®H \DI/DBPIQQ 8 [RAPS O H
LQWHUSUHWDWLRQ Rl WKH UHIHUHQFHV WR FRORU LQ WKLV ILIXL

Rl WKHV SDJ

7KH HIIHFW RI YDULRXV SLOH ORFDWLRQV RQ DQWL VOI
7KH EHQGLQJ PRPHQW WKH VKHDU IRUFH DQG WKH GHIOFG
WKHQ GHFUHDVH ZLWK WKH SLOH ORFDWLRQ IURP WKH \
PD[LPXP SRLQWV RI ERWK SLOH EHKDYLRUV DSSHDU LQ W
WKH VORSH ,W VKRXOG EH QRWHG WKDW WKH GHSWK RI
IRUFH YDOXHG JHUR DW HDFK SLOH ORFDWLRQ KDV D JRR
FULWLFDO VOLS VXUIDFH 7KXV WKH YDULRXV SLOH ORFI
RI WKH VORSH UHLQIRUFHG EXW DOVR FKDQJH WKH GLVW

)L $QWL VOLGH SLOH EHKDYLRUNV%WRQ GYLDUL RRKHDVW FRORADW LR C
'"HIOHFWLRQ )RU LOWHUSUHWDWLRQ RI WKH UHIHUHQFHY WR FRC

HOHFWURQLF YHUVLRQ RI WKLV SDJ

,QIOXHQFH RI DQWL VOLGH SLOH OHQJWK RQ VORSH UL
7KH GHWHUPLQDWLRQ RI SLOH OHQJWK LV WKH NH\ WR
SLOHV 7RR VKRUW SLOH OHQJWK LV QRW FRQGXFLYH W|

DOQG WRR ORQJ SLOH OHQJWK ZLOO LQFUHDVH WKH F
12
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$ FRQILGHQWLDO PDQXNVWYUDW VREPUBWHG WR

JLIXUHWKRZYV WKH HIITHFW Rl WKH SLOH OHQJWK RQ WKH IDF
ZLWK DQWL VOLGH SLOHV /7DsNLQDVWK® IS[DPS ORFDW IHR §H
WKH IDFWRU RI VDIHW\ Rl UHLQIRUFHG VORSH LQFUHDVH
+RZHYHU ZKHQ WKH SLOH OHQJWK H[FHHGV D FHUWDLQ
LV QDPHG WKH FULWLFDO SLOHWMKHQIDFEK RW LR I LWADK M WAL \D
FRQVWDQW JUDGXDOO\ DQG WKLV LV EHFDXVH WKH HQR X
WKH HPEHGGHG OHQJWK RI SLOH LQ VWDEOH VWUDWXP W

,Q RUGHU WR IXUWKHU VWXG\ WKH HIIHFW Rl YDULRXV S
WKH PD[LPXP VKHDU VWUDLQ LQFUHPHQW DQG WKH FULW!|
ORFDW/LRQ RIDV VKRZQ ID®RGELIJW FDQ EH REVHUYHG WKD\
LQFUHDVH RI SLOH OHQJWK WKH JRQH RI PD[LPXP VKHDU
LQWR WZR SDUWV ZKLFK DUH QRW GLVFRQQHFWHG EXW
UXQ WKURXJK JRQH RI PD[LPXP VKHDU VWUPL & KREFQ HPHC
LQ )L WKH FULWLFDO VOLS VXUIDFH EHFRPHV GHHSHU ZL
WKH IDLOXUH PRGH RI UHLQIRUFHG VORSH FKDQJHV IURP
LV PDLQO\ GXH WR WKH FRPSDOGIH VR UXAVOX\WHU DEEWPLHR® H\
VWUHQJWK RI VRLO DURXQG WKH SLOH +RZHYHU ZKHQ V
FULWLFDO VOLS VXUIDFH VXGGHQO\ EHFRPHYV VKDOORZ D
PDLQ UHDVRQ IRU WKLV LV WKDW GHHS VOLGLQJ QHHGV |
DQWL VOLGH SLOHV ZKLOH WKH VKDOORZ VOLGLQJ RQO\

)L &RQWRXU RI PD[LPXP VKHDU VWUDLQ DGEOHPHHREWKU YDULR)
3LOH OHQIWEBLOH OH@PIJWHXLOH OH@IMWHK.OH OH®IMBLOH OHQJIJWK

/ P 7DNLQJ WKH SUPK ORFQ® MRKHRILBHPVBYAL@ HFIPSOH )RU
LQWHUSUHWDWLRQ Rl WKH UHIHUHQFHV WR FRORU LQ WKLV ILIXL

Rl WKHV SDJ

7KH HITHFW RI YDULRXV SLOH OHQJWKYVY RQWKB@GEGH EF
VHHQ WKDW ZKHQ WKH SLOH OHQJWK LV OHVV WKDQ WK

PRPHQW DLUQFUHDVHV ZLWK WKH LQFUHDVH RI WKH SLOH
13
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$ FRQILGHQWLDO PDQXNVWYUDW VREPUBWHG WR

PD[LPXP EHQGLQJ PRPHQW LV FRQWLQXRXVO\ DzD\ IUR
FRUUHVSRQGY ZHOO WR WKH SRVLWHERW®YKH BKWLAMLLYW LB
IRUFH Rl SLOHVYQFWHDVHY DV WKH SLOH OHQJWK LQFUH
LQFUHDVHY ZLWK WKH LQFUHDVH RI WKH SLOH OHQJWK E
RI GHIOHFWLRQ LV DOPRNWQOWRHDBUOH XHQIJWK LV VKRU\
WKDW WKH SLOH LV SURQH WR RYHUWXUQLQJ IDLOXUH X
OHQJWK H[FHHGV WKH FULWLFDO SLOH OHQJWK WKH EHC
DOO WHQG WR EH D VWDEOH GLVWULEXWLRQ ZKLFK LV FI
RI VDIHW\

)L $QWL VOLGH SLOH EHKDYLRWDWHQUG Y QU LPRBO®H @ WORFR WHD JW KV
'"HIOHFWLRQ )RU LOWHUSUHWDWLRQ RI WKH UHIHUHQFHYVY WR FRC

HOHFWURQLF YHUVLRQ RI WKLV SDJ

,QIOXHQFH Rl DQWL VOLGH SLOH VSDFLQJ RQ VORSH U
7DNLQJ WKH SUO/KH ORFQ® MRMHFRIULWLFDO SLOH OHQJWK
WKH HIIHFW Rl YDULRXV SLOH VSDFLQJV RKRHEVQVRHFHG
FKDQJH RI IDFWRUV RI VDIHW\ XQGHU YDULRXV SLOH VSD
VDIHW\ RI WKH UHLQIRUFHG VORSH GHFUHDVHV ZLWK WKHI

)L )DFWRUV RI VDIHW\ IRU YDULRXV SLOH \RS® ¥ IMPIYCXIRGHW KWK H
IDFWRU RI VDIHW\ DQG WKH SLOH VSDFLQJ UHVSHFWLYH )RU LQ'

ILIXUH WKH UHDGHU LV UHIHUUHG WR WKH HOHFWURQLF YHUVLR

7KH HIITHFWV RI YDULRXV SLOH VSDFLQJV RQ WKH PD[LP
FULWLFDO VOLS VXUIDFN LADQKRE / HBQ)MIKDW ZKHQ WKFE
VPDOO WKH FULWLFDO VOLS VXUIDFH EHWZHHQ WZR DQW
RYHU WKH WRS RI WKH SLOH :LWK WKH LQFUHDVLQJ RI W
JUDGXDOO\ EHFRPHY GHHSHU DQG WKH LQVWDELOLW\ PR

LV ODUJH HQRXJR HPRPSOHWH DQG UXQ WKURXJK FULWLFI
14
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$ FRQILGHQWLDO PDQXNVWYUDW VREPUBWHG WR

JUDGXDOO\ ZKLFK LV QHDUO\ FORVH WR WKH FULWLFDO
D 7KLV PD\ EH UHODWHG WR WKH HYROXWLRQ RI VRLO D

)L &RQWRXU RI VKHDU VWUDLQ LQFUHPHQW DQG WKH FULWLFDO
WKH FULWLFDO &IC0H OB J BLOH VSEDFLDRJ BLOH VSDFLQJ

6 PD BLOH VSDFL@DNLQJ WKH SLOH O DEDGNWKEO RULWLFDO SLOF
/ P DV DQ HRPIOMWHUSUHWDWLRQ RI WKH UHIHUHQFHV WR FR

UHIHUUHG WR WKH HOHARWURQLF YHUVLRQ RI WKLV SDJ

7KH HIITHEW Rl YDULRXV SLOH VSDFLQJV RQ,WKADOLOH E
EH FRQFOXGHG WKDW WK D DHGGW® H R/KPHE\WN @ FIEH D YIH
ZLWK WKH LQFUHDVH RI SLOH VSDFLQJ 7KLV FDQ EH H[S
SLOHV DFW DV WKH UHWDLQLQJ ZDOOV DQG WKH LQWHJL
LPSURYHG VLJQLILFDQWO\ ZKLOH WKH SLOH VSDFLQJ GHF
OLPLW VWDWH XQWLO WKH VRLO ZLWK OXWUFHK GHOREPDW
GHPRQVWUDWHG E\ WKH $LWHRL®HDOMHAWERQY ZHHIQ SLOHV
JUDGXDOO\ ZKHQ WKH SLOH VSDF L QIOEQ FUIDHYVHRUNY GD R/Q!
PRPHQW

)LJ 3LOH EHKDYLRUV IRU YDULRXVY SLOH \IDSPHQGQGLY XRRPHQMKH F
E6KHDU FRFUPHHFWLRQ )RU LOWHUSUHWDWLRQ RI WKH UHIHUHQFH

UHIHUUHG WR WKH HOHRWURQLF YHUVLRQ RI WKLV SDJ

7R VXP XS WKH LQWHUDFWLRQ EHWZHHQ SLOH DQG V
QXPHULFDO VLPXODWLRQ PHWKRG DQG WKH IDFWRU RI VL
SLOHV REWDLQHGHKXQIRHYT WDHIQWXR/'SWLRQV DUH PRUH UHD
DIJUHHPHQW ZLWK SUHYLRXV VWK GLW \D C&DM LIDQIG L8 HOAL D O

E-HRQJ HWeDX@ HW DeDQJ HWEDOKHUHIRUH LW LV IHDV
REWDLQ WKH RSWLPL]DWLRQ LQGH[HV YDOXHV E\ WKH Q

GHVLIQV FRPELQHG ZLWK WKH SURSRVHG PXOWL REMHI
15
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$ FRQILGHQWLDO PDQXNVWYUDW VREPUBWHG WR

PRGHO

SHVXOWY DQG GLVFXVVLRQ

7KH IDFWRU RI VDIHW\ DQG WKH EHQGLQJ PRPHQW VKHEL
REWDLQHG EDVHG RQ WKH QXPHULFDO VLPXODWLRQ XQG
UHVXOWYV ZHUH DQDO\]HG ZLWK WKH SURSRVHG PXOWL R
PRGHO
5HVXOWY DQDO\VLV
&DOFXODWLRQ UHVXOWY RI LQGLFDWRU YDOXH DQG
7KH LQGLFDWRU YDOXH Rl RSWLPL]DWLRQ V\VWHP ZD
VLPXODWLRQ ,W VKRXOG EH QRWHG WKDW WKH IDFWRU R
SRVLWLYH RSWLPL]DWLRQ LQGH[ DQG WKH EHQGLQJ PRPH
WR WKH QHJDWLYH RSWLPL]DQG RUIHO BWHIBYIRWR QRYPDOL
FDOFXODWLRQ UHVSHFWLYHO\ 7KH FDOFXODWLRQ UHV.
UHLQIRUFHPHQW VFKHPHY DUH VKRZQ LQ 7DEOHV

7TDEOHKH VWDQGDUGL]JHG YDOXHV RI RSWIsPLIDWLRQ LQGH[HV 3LO

7TDEOHKH VWDQGDUGL]JHG YDOXHV RI RSWIsPLIDWLRQ LQGH[HV 3LO

7TDEOHKH VWDQGDUGL]JHG YDOXHV RI RSWIsPLIDWLRQ LQGH[HV 3LO

7TDEOHKH VWDQGDUGL]JHG YDOXHV RI RSWIsPLIDWLRQ LQGH[HV 3LO

7TDEOHKH VWDQGDUGL]JHG YDOXHV RI RSWIsPLIDWLRQ LQGH[HV 3LO

'HFLVLRQ PDNLQJ $+3 PHWKRG ZDV DGRSWHG WR GHWH
RSWLPL]JDWLRQ LQGH[HV &RQVLGHULQJ LQWHQWLRQV
H[SHULHQFH DQG MXGJHPHQWYV Rl JHRORJLFDO KD]DUG H
WDNHQ WR GHILQH WKH UHODWLYH LPSRUWDQFH DQG VXE

DV VKRZQ LGHFPEOGELQIJ WR WKH SULQFLSWKHRP B H3P XU X Q
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$ FRQILGHQWLDO PDQXNVWYUDW VREPUBWHG WR

HLJHQYDOXH RI MX:GJRNQW POWWHLERQVLVWHQF\ LQGH[ &
FRQVLVWHQF\ UDWLR &5 HTXDOV DQG LV OHVV WKD
UHTXLUHPHQWYV

7TDEOGXEMHFWLYH ZHLIJKW GHWHUPLQDWLRQ IRU RSWLPL]DWLRQ L

7KH REMHFWLYH ZHLJKW ZBD/N HBOR @ OADKHHIBOBN LR S\ PHW K
UHVXOWY DUH VKRZQ LQ 7DEOH

7KH FRPSUHKHQVLYH ZHLJKW RI HDFK HYDOXDMWLQJ LQC
VKRZQ LQ ¥PRQHB WKHP WKH ZHLJKW RI IDFWRU RI VDIHW
VKHDU IRUFH RI SLOH LV WKH VPDOOHVW

7TDEO&KRPSUHKHQVLYH ZHLJKW GHWHUPLQDWLRQ IRU RSWLPL]DWLF

2SWLPDO UHVXOWY DQDO\VLV
7KH IX]]\ FRPSUHKHQVLYHNRSMVL P DMAMXICRDQNV HIBOXHF R U G L
ZKHUHDQG 7KH FRPSUHKHQVLYH RSWLPL]DWLRQ UH
W FDQ EH VHHQ WKDW WKH UHVXOWYV XQGHU YDULRXYV
GLIITHUHQW $FFRUGLQJ WR WKH SULQFLSOH RI RSWLPI
RSWLPLIDWLRQ YDOXH FRUUHVSRQGLQJ WR VFKHPH LV
ORFDWHG LQ WKH PLGGOH RI VORSH ZLWK WKH SLOH OH
WKH PRVW UHDVRQDEOH FKRLFH ,Q DGGLWLRQ PRUH GH

)L 2SWLPL]DWLRQ UHVXOWY EDVHG RQ WKH PXOWL6REMHFWLYH
I1/IsVWDQG IRU WKH SLOH VSDFLQJ DQG WKH SLOH ORFDWLRQ UHV

WR FRORU LQ WKLV ILJXUH WKH UHDGHU LHUHIHUUHG WR WKH H

'KHQ WKH DQWL VOLGH SLOH LV ORFDWHG LQ WKH PL!
RI WKH VORSH WKH HIIHFW Rl VORSH UHLQIRUFHG ZLWK ¢

WRH RU VKRXOGHU RI WKH VORSH ZKLFK LV LQ JRRG DJU
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$ FRQILGHQWLDO PDQXNVWYUDW VREPUBWHG WR

6HFWLRMQG UHVXOWYV REWDLQHGDR\G+DVYLRMWLYMHW DO

7KH LQFUHDVH RI SLOH OHQJWK FDQ VLJQLILFDQWO\
WKH VORSH EXW LW GRHV QRW PHDQ WKDW WKH ORQ
UHLQIRUFHPHQW HIIHFW )RU H[DPSOH ZKHQ WKH SLOH
TR ZLWK WKH SLOH VSDFLRWLAFUP DWHKW WOIODKW 81 R
GHFUHDVHV ZKHQ WKH SLOH OMIWKLM[PBHGQG®\ BFEHPDRXVH
SLOH OHQJWK OHDGV WR WKH LQFUHDVH RI LQWHUQDO IR
PHHWLQJ GHVLJQ UHTXLUHPHQWYV RI IDFWRU RI VDIHW\ :
RI SLOHV

7KH VPDOOHU SLOH VSDFLQJ LV WKH EHWWHU UHLQ
UHLQIRUFHPHQW HIIHFW RI SLOHY OREDMHSEL Q8 WXKDIFORF
PLV VLIQLILFDQWO\ EHWW HY /¥ KDDL W K CBW QLK) WBKOHF IORIF R |
WKHUHIRUH WKH SLOH VSDFLQJ FDQ EH DSSURSULDWHO\)
HIITHFW LQ DFWXDO HQJLQHHULQJ ZKHQ WKH DQWL SLOH |

'LVEXVVLRQ

&RPSDULVRQV ZLWK UBQXCOMOXMQGHU YDULRXV
,Q RUGHU WR PDNH WKH HYDOXDWLQJ LQGH[HV PRUH
LQIRUPDWLRQ DV SRVVLEOH DERXW WKH FKDQJHV LQ V
FRQVWDQWAHUH LQWURGXFHG WR FRQVWUXFW WKH QRUF
DQG EDVHG RQ WKH SHUFHQVSHY WOQWA/H R KH. HIUHFW R |
FRPELQDWLRQGRRI WKH RSWLPL]DWLRQ UHVXOWV RI DQW
LQGLFDWHY WKDW FXUYHV Rl WKH RSWLPQGWHRE QW VX0
WKH DSSUR[LPDWHO\ SDUDOOHO UHODWLRQVKLS DQG K
%HVLGHY WKH ODUJHW W/KH YDEBRWHU WKH RSWLPL]DW
FRUUHVSRQGLQJ VFKHPH +PAHRX G0\ WKBIQRKIDW KHVDEN R O X
RI RSWLPL]DWLRQ UHVXOWY DQG DPSOLWXGH RI YDULDW!|
ILQDO RSWLPL]DWLRQ UHVXOWV

)L &RPSDULVRQ RI RSWLPL]DW LRQGUMHI XKW \6 Z LHNURWERJIITBEIBE W

IRU GHWDLOHG UHLQIRUFHPHQW VFKHPH FRUUHVSRQGLQJ WR \
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$ FRQILGHQWLDO PDQXNVWYUDW VREPUBWHG WR

UHIHUHQFHY WR FRORU LQ WKLV ILIJIXUH WKH UHBIGHU LV UHIHUU

&RPSDULVRQV ZLWK UHVXOWY XQGHU YDULRXV ZHLJK
7KH ILQDO RSWLPL]DWLRQ UHVXOWV XQGHU YDULRXV LQ
W FDQ EH VHHQ WKDW WK HEWKWAQW WsKHE VOXIEMH EQ/ DY B Z
LQGLFDWHV WKDW VFKHPH LV WKH RSWLPDO UHLQIRI
FRQVLVWHQW ZLWK WKH FRQFOXVLRQ GUDZQ YLD WKH S|
RSWLPL]DWLRQ YDOXHV RI HDFK VFKHPH KDYH OLWWOH G
GHFLVLRQV GXH WR WKH KXPDQ IDFWRUV LPSOLFDWLRQV
UHVXOW %OXH OREMDLQHGJIJRQO\ E\ WKH REMHFWLYH ZH
UHLQIRUFHPHQW HIIHFW LV WKH ZRUVW ZKHQ WKH DQWL
Rl WKH VORSH ZKLFK LV WRWDOO\ DW YDULDQFH ZLWK W
PD\ EH WKH UHDVRQ WKDW WKH LQGH[ ZHLJKW Rl HQWUR!
WKH YDULDWLRQ GHJUHH RI WKH LQGH[ ZKLFK LJQRUHV
&RPSDULVRQ RI WKH WKUHH GLIIHUHQW RSWLPL]DWLRQ |
ZHLJKW SURSRVHG LQ WKLV DUWLFOH PDNH WKH RSWLF
UHDVRQDEOH 7KHUHIRUH ZLWK WKH FRQWLQXRXV GHYHC
WKH SURSRVHG PXOWL REMHFWLYH FRPSUHKHQVLYH RSW
UROH LQ WKH GHVLJQ RI VORSHY UHLQIRUFHPHQW

)L &RPSDULVRQ RI RSWLPL]DWLRQ UHVXOWYV ZRWKLEGRUHUHQW Zt
GHWDLOHG UHLQIRUFHPHQW VFKHPH FRUUHVSRQGLQJ WR VFKH

UHIHUHQFHVY WR FRORU LQ WKLV ILIJIXUH WKH UHBIGHU LV UHIHUU

ILPLWDWLRQ RI WKH SURSRVHG PHWKRG
,Q WKH FXUUHQW VWXG\ WKH QXPHULFDO VLPXODWLRQ
RI HYDOXDWLQJ LQGH[HV LQ WKH PXOWL REMHFWLYH F
$OWKRXJIJK PRUH UHDVRQDEOH RSWLPL]DWLRQ UHVXOWYV
FDVHV DQG ILHOG PRQLWRULQJ GDWD DUH VWLOO QHHGH

DQG DSSOLFDELOLW\ RI WKLY SURSRVHG PRGHO %HVLGF
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$ FRQILGHQWLDO PDQXNVWYUDW VREPUBWHG WR

WKLY DUWLFOH FRQVLGHUV WKH DGYDQWDJHV RI ERWK
PLQLPL]JHV WKH DGYHUVH HIITHFWV RI VKRUWFRPLQJV RI V
VWLOO XQDYRLGDEOH WKDW WKH ZHLJKW REWDLQHG JRH
WR PDNH DQ DEVXUG GHFLVLRQ PDNLQJ 7KHUHIRUH LW
LQGH[ ZHLJKW EDVHG RQ PHWKRGV RI ELJ GDWD PDFKLQ]I

&RQFOXVLRQ

7KH PXOWL REMHFWLYH FRPSUHKHQVLYH RSWLPL]DWLR

UHLQIRUFHG ZLWK DQWL VOLGH SLOHV ZDV SURSRVHG
FRPSUHKHQVLYH HYDOXDWLRQ PHWKRG DQG WKH UHOLDE
HOHPHQW QXPHULFDO VLPXODWLRQ 7KH PDLQ FRQFOXVL

$FFRUWEGRA/ R QXPHULFDO VLPXODWLRQ UHVXOWYV YDUL
DQG SLOH VSDFLQJV KDYH VLIQLILFDQW HIIHFWV RQ
UHLQIRUFHPHQW HIIHFW FRXOG EH REWDLQHG ZKHQ WKH
VORSH 7KH LQFUHDVH RI WKH SLOH OHQJWK FDQ LQFUHI
EXW LW ZLOO QRW FRQWLQXH WR LQFUHDVH WKH VORSH
FULWLFDO SLOH OHQJWK 7KH ODUJHU WKH SLOH VSDFLC
DQG VDIHW\ RI WKH DQWL VOLGH SLOH DUH

7KH IDFWRU RI VDIHW\ LQWHUQDO IRUFH DQG GHIO
VHOHFWHG DV WKH RSWLPL]DWLRQ LQGH[ V\VWHP WR HQ
VFKHPH FRXOG PHHW WKH VWDELOLW\ RI WKH SLOH
FRPSUHKHQVLYH ZHLJKW ZDV GHWHUPLQHG FRPELQHG Z
ZKLFK LV PRUH LQ OLQH ZLWK SUDFWLFDO HQJLQHHULQJ

%DVHG RQ WKH WKUHH GLPHQVLRQDO VORSH QXPHL
REMHFWLYH FRPSUHKHQVLYH RSWLPL]DWLRQ PRGHO ZI
UHLQIRUFHPHQW VFKHPHV ZKLFK REWDLQHG UHDVRQDECGC
D QHZ VROXWLRQ IRU WKH RSWLPL]DWLRQ GHVLJQ RI RW
EURDG DSSOLFDWLRQ SURVSHFWYV
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$ FRQILGHQWLDO PDQXNVWYUDW VREPUBWHG WR

$FNQRZOHGIJKRMQWHWHDUFK ZDV IXQGHG E\ WKH 1DWLRC
'"HYHORSPHQW 3URJUDP RI &KKQD XQ&HU *UDQGV

<)& WKH 6WUDWHJILF 3ULRULW\ 5HVHDUFK 3URJU
RI 6FLHQFHV XQGHU *UDQW 1R :'$ DQG WKH 1DV
JRXQGDWLRQ RI &KLQD XQGHU *UDQW 1RV DQG

&RPSOLDQFH ZLWK HWKLFDO VWDQGDUGYV

&RQIOLFW RAKIHQI WKWKRWY GHFODUH WKDW WKH\ KDYH QR
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$ FRQILGHQWLDO PDQXNVWYUDW VREPUBWHG WR

SHIHUHQFHV

$XVLOLR ( &RQWH ( 'HQWH * BWDELOLW\ DQDO\VLV RI VORSFH
*(27(&+ KWWSV GRL RUJ 6 ;
%UXQHOOL 0 ,QWURGXFWLRQ WR WKH DQDO\WLF KLHUDUFK\ Sl
KWWSV GRL RUJ
&DL ) 8JDL . 1XPHULFDO DQDO\VLV RI WKH VWDELOLW\ RI D VOR
KWWSV GRL RUJ VDQGI
&KHQ & :DQJ : /Y +< BWDELOLW)\ DQDO\VLV RI VORSH UHLQIRUI
PRGHO 52&. 62,/ 0(&+ KWWSV GRL RUJ M UVP
&KHQ )< =KDQJ 5+ :DQJ < /LX + %|KONH 7 =KDQJ :* BUREDELQC
VORSH UHLQIRUFHG ZLWK SLOHV LQ VSDWLDOO\ YDULDEOH VRL
KWWSV GRL RUJ M LMDU
*DR <) <H 0 =KDQJ ) 7KUHH GLPHQVLRQDO DQDO\VLV RI VORSH
6287+ 81,9 KWWSV GRL RUJ v
*ULIILWKV ' /LQ + &DR 3 $ FRPSDULVRQ RI QXPHULFDO DOJRULW
VORSHV KWWSV GRL RUJ
*ULIILWKV '9 /DQH 3% 6ORSH VWDELOLW)\ DQDO\VLV E\ ILQLWH HO
KWWSV GRL RUJ JHRW
+DMLD]L]L O %DYDOL 0 )DNKLPL $ D 1XPHULFDO DQG H[SHULPHQ
FRQFUHWH SLOHV LQ D VDWXUDWHG VDQG\ VORSH ,17 -
KWWSV GRL RUJ v
+DMLD]L]L 0 OD]DKHUL $ 2UHQVH 5 E $QDO\WLFDO DSSURDFK W]
VORSH 6&, ,5%1 KWWSV GRL RUJ VFL
+DVVLRWLV 6 &KDPHDX -/ *XQDUDWQH 0 '"HVLJQ PHWKRG IRU V
*(27(&+ *(2(19,521 KWWSV GRL RUJ $6&(
+X ) &KDR : )HQJ / 5HVHDUFK RQ IDLOXUH PRGH RI VORSH UHLQ
RQ XOWLPDWH UHVLVWDQFH +,*+:$<
JWR 7 ODWVXL 7 OHWKRGYV WR HVWLPDWH ODWHUDO IRUFH DFV
KWWSV GRL RUJ VDQGI B
-HRQJ 6 .LP % :RQ - /HH - 8QFRXSOHG DQDO\VLV RI VWDELOI
&20387 *(27(&+ KWWSV GRL RUJ M FRPSJHR
.DQDJDVDEDL 6 6PHWKXUVW - 3RZULH : 7KUHH GLPHQVLRQDO Q
XVHG WR VWDELOL]H ODQGVOLGHV &WWEVT (&G RL RUJ W
.RXUNRXOLV 5 *HODJRWL ) $QDVWDVRSRXORV , 6ORSH VWDELO
VWXG\ DQG GHVLJQ LQVLIJKWV - *(27(&+ *(2(19,521
KWWSV GRL RUJ $6&( *7
/HH )+ *RK 6+ %DQHUMHH 6 (DUWKTXDNH LQGXFHG EHQGLQJ P
FOD\ *(27(&+1,48( KWWSV GRL RUJ JHRW 3
/L & &KHQ :4 6RQJ <- *RQJ :3 =KDR 4+ 2SWLPDO /RFDWLRQ RI
%DVHG RQ D B6LPSOLILHG 'RXEOH 5RZ 3LOHV ORGHO .6&( - &
KWWSV GRL RUJ v ]
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$ FRQILGHQWLDO PDQXNVWYUDW VREPUBWHG WR

/L&' 7DQJ +0 +X ;/ :DQJ /4 1XPHULFDO PRGHOOLQJ VWXG\ RI Wi

VOLGLQJ SLOHV EDVHG RQ WKH VRLO DUFKLQJ HIIHFW IRU (UOL
KWWSV GRL RUJ v [

/L 4/:HL +: 2SWLPL]DWLRQ GHVLJQ RI SLOH ORFDWLRQ RQ VO
FRPSUHKHQVLYH HYDOXDWLR®&,PIRWKRIZ® - 58$,/:
KWWSV GRL RUJ M FQNL X

/L 5- =KHQJ : 6KDR 6- /LX . $QDO\VLV RI ORFDO VOLGLQJ PFh
UHLQIRUFHG ZLWK VWDELOL]JLQJ SLOHV 52&. 62,/ 0(&
KWWSV GRL RUJ M UVP Y

/L ;3 3HL ;- *XWLHUUH] 0 +H 60 2SWLPDO ORFDWLRQ RI SLOH
DQDO\VLV $&7$ *(27(&+ KWWSV GRL RUJ v \

/L :3 6X /- +H 60 :X - /LPLW HTXLOLEULXP DQDO\VLV RI VHLVPL
ZLWK D URZ RI SLOHV ,17 - 180(5 $1$/ 0(7
KWWSV GRL RUJ QDJ

/ILX % 6X 3' 4LX 3 /L =% 1XPHULFDO VLPXODWLRQ RI WKH DQWL
- (1% *(2/ V KWWSV GRL RUJ M FQNL MHJ v

/LX % =KDQJ )/ :DQ :< /XR ;: OXOWL REMHFWLYH GHFLVLRQ PDNL
RI EXLOW UHVHUYRLUV EDVHG RQ WKH LPSURYBB(FRPSUHKHQYV
5(6285 0$1$* KWWSV GRL RUJ v [

/JLX ;< &DL *- #KRX/=- ,QYHVWLJDWLRQ RI LQWHUQDO IRUFH RI |
FRQVLGHULQJ WKH DFWXDO GLVWULEXWLRQ RI VRLO UHVLVWDQ

KWWSV GRL RUJ Y

ODWVXL 7 6DQ . & J)LQLWH HOHPHQW VORSH VWDELOLW\ DQDO\V
62,/6 )281" KWWSV GRL RUJ VDQGI

1LDQ 7. &KHQ *4 /XDQ 07 <DQJ 4 =KHQJ ') /LPLW DQDO\VLV |
UHLQIRUFHG ZLWK SLOHV DJDLQVW ODQGVOLGH LQ QRQKRPR
*(27(&+ - KWWSV GRL RUJ w

3RXORV + $QDO\VLV RI SLOHV LQ VRLO XQGHUJRLQJ ODWHUDO F

3ULFH 9( ORUJHQVWHUQ 15 7KH DQDO\VLV RI VWDELOLW\ RI JHC

KWW SV JHRW

6KRRVKSDVKD , $PLUGHKL +$ (YDOXDWLQJ WKH VWDELOLW\ RI
KHDG SLOHV $5%$% - *(26&,KWWSV GRL RUJ Y%

6XQ 6: =KDR ) =KDQJ . BWDELOLW\ Rl 60RSHV 5HLQIRUFHG ZLW
6&, (1* KWWSV GRL RUJ

9LJJLDQL & 8OWLPDWH ODWHUDO ORDG RQ SLOHV XVHG WR VWD

KWWSV GRL RUJ

‘DQJ && /L -7 /LDR - +DR 54 J/LX % 6WDELOLW\ DQDO\VLV RI V
RSWLPL]DWLRQ - &(17 6287+ 8IKWWSV GRL RUJ M LVVQ

‘HL :% &KHQJ <0 BWUHQJWK UHGXFWLRQ DQDO\VLV IRU VORSH
&20387 *(27(&+ KWWSV GRL RUJ M FRPSJHR

‘HL :% &KHQJ <0 /L / 7KUHH GLPHQVLRQDO VORSH IDLOXUH DQD

OLPLW HTXLOLEULXP PHWKRGV &20387 (27 (&+
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$ FRQILGHQWLDO PDQXNVWYUDW VREPUBWHG WR

KWWSV GRL RUJ M FRPSJHR

‘RQ - <RX -HRQJ 6 .LP 6 &RXSOHG HIIHFWV LQ VWDELOLW\
&20387 *(27(&+ KWWSV GRL RUJ M FRPSJHR

X -& $QDO\WLF KLHUDUFK\ SURFHVV IRU DVVHVVLQJ IDFWRUYV
UHLQIRUFHG ZLWK SLOHYV (19,521 ($57+ 6&,
KWWSV GRL RUJ v ]

<DQJ *+ =KDQJ <; =KDQJ <& 7DQJ -0 D 2SWLPDO VLWH RI DQ\

GHIRUPDWLRQ ILHOG RI VORSHV &+,1 - *(27(&+ (1* 6

<DQJ 6. 5HQ

URZ R

KWWSV

<DQJ :/ =KDQJ 6

*(27(&+

=KDQJ * [BQDQJ </

=KDQJ - :DQJ
SLOHV (

=KDR :% :AXR)
WKHRU\

=KHQJ <5
&+,1 -

;+ =KDQJ -;
SLOHYV - 52&. 0(&+
GRL RUJ 63 -

KWWSV

KWWSV

GRL RUJ

+ +XDQJ +: &KHQ /+

1* *(2/ KWWSYV

HQJ <

52&. O0(&+

=KHQJ <5 =KDR 6<

O(&+ (1*
=KX < =KX ++ =KDQJ
UHLQIRUFHG E\
KWWSV GRL RUJ
=LHQNLHZLF] 2& +XPSK
SODVWLFLW\ LQ
KWWSV GRL RUJ

GRL RUJ

6WDELOLW\ DQDO\VLV RI
GRL RUJ

\Y

E 6WXG\ RQ HPEHGGHG OHQJWK RI SLO

*(27(&+

EROBBNHG VORSH

M FRPSJHR
D 3LOH UHLQIRUFHPHQW PHFKDQLVP RI VRLO

E 6\VWHP UHOLDELOLW\ DQDO

M HQJJHR

BWXG\ RQ GHVLJQLQJ VI\VWHP RI DQWL VOLC
52&. 62,/ 0(&+ 6
'HYHORSPHQW DQG DSSOLFDWLRQ RI
KWWSV GRL RUJ M LVVQ

(1~

QXPHULFDO OLF

$SSOLFDWLRQ RI VWUHQ BWHKIUHZ2XFWLRQ IHP

6KL %

HVRQ & /HZ
VRLO
JHRW
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705

$ FRQILGHQWLDO PDQXNVWYUDW VREPUBWHG WR

/TDEOH FDSWLRQV

7TDEOBK\VLFDO DQG PHFKDQLFDO SDUDPHWHUV RI WKH VORSH

7TDEO3K\VLFDO DQG PHFKDQLFDO SDUDPHWHUV RI DQWL VOLGH SL
7TDEOHKH VWDQGDUGL]HG YDOXHV RI RSWIsPLIDWLRQ LQGH[HV 3LO
7TDEOHKH VWDQGDUGL]HG YDOXHV RI RSWIsPLIDWLRQ LQGH[HV 3LO
7TDEOHKH VWDQGDUGL]HG YDOXHV RI RSWIsPLIDWLRQ LQGH[HV 3LO
7TDEOHKH VWDQGDUGL]HG YDOXHV RI RSWIsPLIDWLRQ LQGH[HV 3LO
7TDEOHKH VWDQGDUGL]HG YDOXHV RI RSWIsPLIDWLRQ LQGH[HV 3LO
7TDEOGXEMHFWLYH ZHLIJKW GHWHUPLQDWLRQ IRU RSWLPL]DWLRQ L

7TDEO&KRPSUHKHQVLYH ZHLJKW GHWHUPLQDWLRQ IRU RSWLPL]DWLF
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$ FRQILGHQWLDO PDQXNVWYUDW VREPUBWHG WR

706 (DEOH OLVW

707 7TDEOBK\VLFDO DQG PHFKDQLFDO SDUDPHWHUV RI WKH VORSH

<RXQJ PR 3RLVVR(C 8QLW ZI &RKHV )ULFWLR

ODWH! ) )
( 03D AN1 RA F N3D 3A fA

6RLC

708
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$ FRQILGHQWLDO PDQXNVWYUDW VREPUBWHG WR

709 7TDEO3K\VLFDO DQG PHFKDQLFDO SDUDPHWHUV RI DQWL VOLGH SL

3DUDPLI 9DO 3DUDPHWH 9DO 3DUDPHWH 9DO
<RXQJ
&RXSOLQJ FRK &RXSOLQJ FR
PRGXO
03D QRUPDO 03
*3D
&RXSOLQJ VWL &RXSOLQJ VV
S3RLVVRI
01 P QRUPDO 01
&RXSOLQJ IUL &RXSOLQJ I1U
ORLY P Q Q
f QRUPDO f
ORL P '"HQVLW\ NJ &RXSOLQJ JDS RQ
ORLSRO
P &URVYVY VHFWLR S3HULPHWHU

710
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$ FRQILGHQWLDO PDQXNVWNUDW VREFPUBWHG WR

711 7TDEOHKH VWDQGDUGL]HG YDOXHV RI RSWIsPLIDWLRQ LQGH[HV 3LOH ORFDWLRQ

6FKHPHYV 2SWLPL]DWLRQ LQGH[HV

3LOF 3LOI
6FKH OHQJ VSDF J)DFWRUL 6WDQGL %HQGLQJ 6WDQGL 6KHDU 6WDQGLC 'HIOHF) 6WDQGLEL
QXPE P P VDIHW YD OXI 01 P YD OXI 01 YD OXI PP YDOXI

712

28



$ FRQILGHQWLDO PDQXNVWNUDW VREFPUBWHG WR

713 7TDEOHKH VWDQGDUGL]HG YDOXHV RI RSWIsPLIDWLRQ LQGH[HV 3LOH ORFDWLRQ

6FKHPHYV 2SWLPL]DWLRQ LQGH[HV

3LOF 3LOlI
6FKH OHOJ VSDF JDFWRUL 6WDQGL %HQGLQJ 6WDQGL 6KHDU 6WDQGL 'HIOHF 6WDQGTEL
QXPE P P VDIHW YD OXI 01 P YD OXI 01 YD OXI PP YD OXI

714
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$ FRQILGHQWLDO PDQXNVWNUDW VREFPUBWHG WR

715 7TDEOHKH VWDQGDUGL]HG YDOXHV RI RSWIsPLIDWLRQ LQGH[HV 3LOH ORFDWLRQ

6FKHPHYV 2SWLPL]DWLRQ LQGH[HV

3LOF 3LOlI
6FKH OHOJ VSDF JDFWRUL 6WDQGL %HQGLQJ 6WDQGL 6KHDU 6WDQGL 'HIOHF 6WDQGTEL
QXPE P P VDIHW YD OXI 01 P YD OXI 01 YD OXI PP YD OXI

716
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$ FRQILGHQWLDO PDQXNVWNUDW VREFPUBWHG WR

717 7TDEOHKH VWDQGDUGL]HG YDOXHV RI RSWIsPLIDWLRQ LQGH[HV 3LOH ORFDWLRQ

6FKHPHYV 2SWLPL]DWLRQ LQGH[HV

3LOF 3LOlI
6FKH OHOJ VSDF JDFWRUL 6WDQGL %HQGLQJ 6WDQGL 6KHDU 6WDQGL 'HIOHF 6WDQGTEL
QXPE P P VDIHW YD OXI 01 P YD OXI 01 YD OXI PP YD OXI

718
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$ FRQILGHQWLDO PDQXNVWNUDW VREFPUBWHG WR

719 7TDEOHKH VWDQGDUGL]HG YDOXHV RI RSWIsPLIDWLRQ LQGH[HV 3LOH ORFDWLRQ

6FKHPHYV 2SWLPL]DWLRQ LQGH[HV

3LOF 3LOlI
6FKH OHOJ VSDF JDFWRUL 6WDQGL %HQGLQJ 6WDQGL 6KHDU 6WDQGL 'HIOHF 6WDQGTEL
QXPE P P VDIHW YD OXI 01 P YD OXI 01 YD OXI PP YD OXI

720
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$ FRQILGHQWLDO PDQXNVWYUDW VREPUBWHG WR

721 7TDEOGXEMHFWLYH ZHLIJKW GHWHUPLQDWLRQ IRU RSWLPL]DWLRQ L

2SWLPL]DW )DFWRL %HQGLGC Subjective
6KHDU | '"HIOHFV |

LQGH[HV  VDIHW\ PRPHQW weight

YDFWRU RI

%HQGLQJ F

6KHDU IRU

'"HIOHFWLR

722
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$ FRQILGHQWLDO PDQXNVWYUDW VREPUBWHG WR

723 7TDEO&KRPSUHKHQVLYH ZHLJKW GHWHUPLQDWLRQ IRU RSWLPL]DWLF

2SWLPL]DWL
LQGH[HV

)DFWRU RI \
%HQGLQJ PF
6KHDU IRUF
'"HIOHFWLRQ

6XEMHFWLYF 2ZEMHFWLYH z &RPSUHKHQVL

724
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$ FRQILGHQWLDO PDQXNVWYUDW VREPUBWHG WR

J)LIXUH FDSWLRQV

)LJ JORZFKDUW Rl WKH PXOWL REMHFWLYH FRPSUHKHQVLYH RSWI
)LJ 1XPHULFDO PRGHO RI VORSH UHL QI/RIUJBE/GV D IQWBKI BQ WIK N GLL& MV E
IURP WKH SLOH WR WKH VORSH WRH WKH KRUL]JRQWDO OHQJWK R
UHVSHFWLYHO\ )RU LQWHUSUHWDWLRQ Rl WKH UHIHUHQFHV WR ¥
HOHFWURQLF YHUVLRQ RI WKLV SDJ

)L OHFKDQLFDO PRGHO RI SLOH PRGIBISHICOD IS HAS UDQJI oWV VD Q C
WKHRUPDO FRXSOLQJ VSULQJ DQG WKH VKHDU FRXSOLQJ VSULQJ
UHIHUHQFHV WR FRORU LQ WKLV ILJXUH WKH UHBIGHU LV UHIHUU
)LJ )DEWRUV RI VDIHW\ IRU YDULRXV SLOH OHQJWKVY DQG SLOH OR
WR FRORU LQ WKLV ILJXUH WKH UHDGHU LW UHIHUUHG WR WKH H
)LJ OD[LPXP IDFWRU RI VDIHW\ IRU YDULRXV SLOH ORFDWLRQYV
)L &RQWRXU RI PD[LPXP VKHDU VWUDLQ LQ@RUWKRQW SO KNDULR
It 1s SLOH /O HRY FW Ks SLOH /O HR) BW Ks SLOH /0 HR) HW K

It s SLOH /O HR DAV/K SLOH/OHR JMKLQJ WKH SIBOP WSDFLQJ RI
DQ H[DPRKOHLQWHUSUHWDWLRQ Rl WKH UHIHUHQFHV WR FRORU LQ
HOHFWURQLF YHUVLRQ RI WKLV SDJ

)LJ 7KH FULWLFDO VOLS VXUIDFH IRU YDD/ERXV BLOH OHQJIJWKYV DQ
Flils Glil/s Hif /s 7DNLQJ WKH SL®H \DS/DPIQQ 8 [RAPS O H
LOQWHUSUHWDWLRQ Rl WKH UHIHUHQFHV WR FRORU LQ WKLV ILIXL
RI WKHV SDJ

)L $QWL VOLGH SLOH EHKDYLRUNV%RQ GYLIMUL R K HIDW FRORHADW LR C
'HIOHFWLRQ )RU LQWHUSUHWDWLRQ RI WKH UHIHUHQFHV WR FRC
HOHFWURQLF YHUVLRQ Rl WKLV SDJ

)L &RQWRXU RI PD[LPXP VKHDU VWUDLQ DGEOHPBHPVEWKU YDULR)
3LOH OHQPIWEBLOH OH@PIJHXLOH OH®IWIHLOH OHPIMB . OH OHQJWK

/ P 7DNLQJ WKH SUQOH ORFP® MRKH FEILBHPVBY M@ HFIPSOH )RU
LOQWHUSUHWDWLRQ Rl WKH UHIHUHQFHV WR FRORU LQ WKLV ILIXL

Rl WKHV SDJ
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$ FRQILGHQWLDO PDQXNVWYUDW VREPUBWHG WR

)L $QWL VOLGH SLOH EHKDYLR WDWHQUG IYQU LPRBO®H @ WOFR WHD JW KV
'"HIOHFWLRQ )RU LOWHUSUHWDWLRQ RI WKH UHIHUHQFHYVY WR FRC
HOHFWURQLF YHUVLRQ RI WKLV SDJ
)L )DFWRUV RI VDIHW\ IRU YDULRXVY SLOH \RS® ¥ MDIYCXIRGHW KWK I
IDFWRU RI VDIHW\ DQG WKH SLOH VSDFLQJ UHVSHFWLYH )RU LQ'
ILIJIXUH WKH UHDGHU LV UHIHUUHG WR WKH HOHFWURQLF YHUVLR
)L &RQWRXU RI VKHDU VWUDLQ LOQFUHPHQW DQG WKH FULWLFDO
WKH FULWLFDO RICGHOHBDPIAIIRJ BLOH VEDFIDRJ BLOH VSDFLQJ
6 P D BLOH VSDFLQJ 6 P 7DNLQ WKHDBQGHNARFDUNLMREIRO SLOF
/ P DV DQ HHRPIOQWHUSUHWDWLRQ RI WKH UHIHUHQFHV WR FR
UHIHUUHG WR WKH HOHARWURQLF YHUVLRQ RI WKLV SDJ
)L 3LOH EHKDYLRUV IRU YDULRXVY SLOH \DSPDHQGQGLQY XRRBRPHKHOQMKH F
E6KHDU FRFUBHHFWLRQ )RU LOWHUSUHWDWLRQ RI WKH UHIHUHQFH
UHIHUUHG WR WKH HOHFWURQLF YHUVLRQ RI WKLV SDJH
)L 2SWLPL]DWLRQ UHVXOWY EDVHG RQ WKH PXOWLGREMHFWLYF
It /IsVWDQG IRU WKH SLOH VSDFLQJ DQG WKH SLOH ORFDWLRQ UHV
WR FRORU LQ WKLV ILIXUH WKH UHDGHU LHUHIHUUHG WR WKH H
)L &RPSDULVRQ RI RSWLPL]DW LRQGUMHO XKW \6 Z LHNURWERJIITBEBEE QW
IRU GHWDLOHG UHLQIRUFHPHQW VFKHPH FRUUHVSRQGLQJ WR \
UHIHUHQFHY WR FRORU LQ WKLV ILJXUH WKH UHBIGHU LV UHIHUU
)L &RPSDULVRQ RI RSWLPLIDWLRQ UHVXOWYV ZRWKLARUHUHQW Z}
GHWDLOHG UHLQIRUFHPHQW VFKHPH FRUUHVSRQGLQJ WR VFKH

UHIHUHQFHV WR FRORU LQ WKLV ILIXUH WKH UHBIGHU LV UHIHUU
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$ FRQILGHQWLDO PDQXMVWYUDW VREPUBWHG WR

777 )LIXOHVW

778
Determination of Construction of * Construction of * Determination * Analysis of the
the optimal goals the index system the index function of index weight optimal results
To obtain the . FactoT of safety oy = [ e W * W, Draw the conclusion
optimal desien of = Bending moment un Wn=% .
pEmA Cesip « Shear force D W * W Koy =202 Wy iy
anti-slide piles 2 i p= prye
779 * Deflection fin
780

781 )LJ )ORZFKDUW RI WKH PXOWL REMHFWLYH FRPSUHKHQVLYH RSWL
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$ FRQILGHQWLDO PDQXWWYUDW VREPUBWHG WR

0.0
\‘//__'3

40.0 m

T
/30 0

)L 1IXPHULFDO PRGHO RI VORSH UHL QI/RUPEB/GV D IOVEKI D) WIK N GLLE MV E
IURP WKH SLOH WR WKH VORSH WRH WKH KRUL]JRQWDO OHQJWK R
UHVSHFWLYHO\ )RU LQWHUSUHWDWLRQ RI WKH UHIHUHQFHYV WR |

HOHFWURQLF YHUVLRQ RI WKLV SDJ
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$ FRQILGHQWLDO PDQXNVWYUDW VREPUBWHG WR
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$ FRQILGHQWLDO PDQXNVWYUDW VREPUBWHG WR
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$ FRQILGHQWLDO PDQXNVWYUDW VREPUBWHG WR
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$ FRQILGHQWLDO PDQXNVWYUDW VREPUBWHG WR
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HOHFWURQLF YHUVLRQ RI WKLV SDJ
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$ FRQILGHQWLDO PDQXWWYUDW VREPUBWHG WR
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$ FRQILGHQWLDO PDQXMVWYUDW VREPUBWHG WR
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$ FRQILGHQWLDO PDQXNVWYUDW VREPUBWHG WR
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$ FRQILGHQWLDO PDQXMVWYUDW VREPUBWHG WR
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$ FRQILGHQWLDO PDQXNVWYUDW VREPUBWHG WR
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$ FRQILGHQWLDO PDQXNVWYUDW VREPUBWHG WR
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$ FRQILGHQWLDO PDQXNVWYUDW VREPUBWHG WR
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$ FRQILGHQWLDO PDQXNVWYUDW VREPUBWHG WR
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