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7KH .7+ VXSHUYLVRU 3URIHVVRU-RKQ/HDQGHU
7KH:63 VXSHUYLVRU (OLVD .KRXUL &KDORXKL 3K’
([DPLQHU 3URIHVVRU-RKQ/HDQGHU

'LYLVLRQ 2I 6WUXFWXUDO (QJLQHHULQJS$QG %YULGJHYV
+RVW FRPSDQ\ :63

6ZHGLVKWLWOH 'HVLIQDYDUPHUDGHEHWRQJSODWWE
6ZHGLVK VXEWLWOH 3\WKRQ EDVHUDG DXWRPDWLVHUL
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7KLY WKHVLVY SUHVHQWY D FRPSXWDWLRQDO I UDPHZF
YHUL{FDWLRQDQGUHLQIRUFHPHQWPDSSLQJRIUHLQIR
RQ ¢QLWH HOHPHQW PHWKRG )(0 UHVXOWV ,QVWHDC
DQRERDO\WHV WKHZRUNIRFXVHV RQ SRVW SURFHVVLQJQR
EHQGLQJ PRPHQWV2H[SRUWHG IURP WKH FRPPHUFLDO |
30XV 7KH PDLQ REMHFWLYH LV WR DXWRPDWH VWUXF\
(XURFRGH s DQG WR FRPSXWH WKH UHTXLUHG UHLQIRU
DFURVV WKHHQWLUH VODE GRPDLQ

$ 3\WKRQ EDVHG WRRO KDV EHHQ GHYHORSHG WR HYI
6WDWH 8/6 DQG 6HUYLFHDELOLW\ /LPLW 6WDWH 6/6
Rl WKH )(0 PHVK 7KH SURJUDP LPSOHPHQWYV (XURFRG
DXWRPDWLFDOO\ GHWHUPLQHV WKH UHTXLUHG UHLQI
GLUHFWLRQV DQG YLVXDOL]JHV WKH UHVXOWY DV FRQ
UHLQIRUFHPHQW GHPDQG PDSV 7KLY HQDEOHV D WU
GDWD GULYHQDSSURDFKWR VODE GHVLJQ

7KH SURSRVHG PHWKRGRORJ\LV YDOLGDWHG WKURXJ
FRPSXWDWLRQDO UHVXOWYV ZLWK D WUDGLWLRQDO GH
VODE 7KH ¢QGLQJV GHPRQVWUDWH WKDW WKH GHYHOR
WKH GHVLJQ SURFHVV UHGXFHV PDWHULDO XVDJH DQC
FODULW\LQWKHUHLQIRUFHPHQW OD\RXW ZKLOHIXOO\
VWDQGDUGV

.H\ZRUGV

5HLQIRUFHG FRQFUHWH VODEV )LQLWH HOHPHQW P
5HLQIRUFHPHQW RSWLPL]DWLRQ 'HVLJQ DXWRPDWLR
6HUYLFHDELOLW\DQG XOWLPDWHOLPLW VWDWHYV 3\WK
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'HQQD DYKDQGOLQJ SUHVHQWHUDU HWW EHUINQLQJ\
NRQVWUXNWLRQVYHUL;HULQJ RFK DUPHULQJVI|UGHOC
5& EDVHUDW Sn UHVXOWDW IUnQ ¢QLWD HOHPHQWPH
XWI|UD Q\D )(0 DQDO\VHU IRNXVHUDU DUEHWHW Sn HI
LQWHUQD NUDIWHU + IUIPVW E|MPRPHQW = H[SRUWHU
)(0 SURJUDPYDUDQ %5,*$'( 30XV +XYXGPNOHW IU D
VWUXNWXUYHUL;HULQJ HQOLJW (XURNRG s RFK DWW
HUIRUGHUOLJD DUPHULQJVDUHDQ |[YHUKHOD SODWWD Q

(WW 3\WKRQ EDVHUDW YHUNW\J KDU XWYHFNODWYV
EURWWJUIQVWLOOVWNQG 8/6 RFK EUXNVJUIQVWLOO
)(0O QIWHW SURJUDPPHW LPSOHPHQWHUDU GLPHQVL
(XURNRG s EHVWIPPHU DXWRPDWLVNW GHQ HUIRUGH
RUWRJRQDODULNWQLQJDURFKYLVXDOLVHUDUUHVXOV
LOWXLWLYD DUPHULQJVEHKRYVNDUWRU 'HWWD P|MOL
RFK GDWDGULYHQ PHWRG I|USODWWGHVLJQ

'HQ I|[UHVODJQD PHWRGHQ YDOLGHUDV JHQRP HQ |
EHUINQLQJVUHVXOWDWHQ PHG HQ WUDGLWLRQHOO
EH;QWOLJ EURSODWWD 5HVXOWDWHQ YLVDU DWW G|
HcHNWLYLVHUDU GHVLJQSURFHVVHQ PLQVNDU PDWHU/|
EnGH HcCHNWLYLWHW RFK W\GOLJKHW L DUPHULQJVOD\
XSSI\OOHU (XURNRGHQV GHVLJQVWDQGDUGHU

.H\ZRUGV

$UPHUDGH EHWRQJSODWWRU )LQLWD HOHPHQWPH)
$UPHULQJVRSWLPHULQJ 'HVLIQDXWRPDWLRQ 6WUXNYV
EURWWJUIQVWLOOVWNQG 3\WKRQ SURJUDPPHULQJ
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, ZRXOG OLNH WR H[SUHVV P\ VLQFHUH JUDWLWXGH V
3URIHVVRU -RKQ /HDQGHU RI .7+ IRU KLV WKRXJKWIX
HQFRXUDJHPHQW DQGFRQVWUXFWLYHIHHGEDFN WKUR
KDVEHHQLQVWUXPHQWDO LQ VKDSLQJERWK WKH GLUH

, DP HTXDOO\JUDWHIXO WR 'U (OLVD .KRXUL &KDORXI
IRU KHU SURIHVVLRQDO LQVLIKW DQG LQYDOXDEOH DG
DQGPHQWRUVKLSKDYHJUHDWO\HQULFKHG WKH SUDFW

6SHFLDO WKDQNV DUH HIWHQGHG WR P\ FROOHDJXHYV
$QGHUV .INHULW] ZKRVHVXSSRUW WHFKQLFDO GLVFX\
PDGH GDLO\ SURJUHVV ERWK HdFLHQW DQG UHZDUGLQ
FRQWULEXWHG VLIQL,;FDQWO\WR WKHTXDOLW\DQG FO

J)LQDOO\ , ZRXOG OLNH WR WKDQN P\ IDPLO\DQG IULH
VXSSRUW DQG HQFRXUDJHPHQW GXULQJ WKLV MRXUQ
SURYLGHG WKH PRWLYDWLRQ WR FRPSOHWH WKLV W
FRQ,;GHQFH
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W ,«t£0CaA-

7KHVWUXFWXUDO GHVLJQ RIUHLQIRUFHG FRQFUHWH
UROH LQ PRGHUQ FLYLO HQJLQHHULQJ ZKHUH VDIHW\
HdFLHQF\ DUH WKH FRUH REMHFWLYHV 7UDGLWLRQD(
VLPSOL;HGDQDO\WLFDOPHWKRGV VXFKDVWKHVWULS
DUHHYDOXDWHGDORQJVHOHFWHG GHVLJQOLQHV DV VK
PHWKRGV DUHZHOO HVWDEOLVKHG DQG ZLGHO\ XVHG LC
OLPLWHG LQ WKHLU DELOLW\ WR FDSWXUH WKH FRQWLG
RI VODEV SDUWLFXODUO\LQ VWUXFWXUHV ZLWK LUUH
FRQGLWLRQV RUYDU\LQJERXQGDU\UHVWUDLQWYV

JLIXUHr r ([DPSOHRIVHOHFWHG GHVLJQ VWULSVLQWZR RUWKRJF
LOWHUQDO IRUFHVDQG GHVLIQLQIJWKHUHLQIRUFHG FRQFUHWH V(

,QUHFHQW GHFDGHV WKH GHYHORSPHQW RI QXPHUL|
JLOLWH (OHPHQW OHWKRG )(0 2KDVWUDQVIRUPHG VWU X
PRUHDFFXUDWHLQWHUQDO IRUFH GLVWULEXWLRQV DF
WKLV WKH GHVLJQ SKDVH RIWHQ UHPDLQV RQO\ SDUW
IUHTXHQWO\WUDQVIHU )(OUHVXOWV PDQXDOO\LQWR Gl
D SURFHVV WKDW LV WLPH FRQVXPLQJDQG VXVFHSWLE
WUDGLWLRQDO PHWKRGV XVXDOO\ SURGXFH FRQVHUYL
PD\QRWUHAHFWWKHWUXHVWUHVVGLVWULEXWLRQLQ
XVHRIPDWHULDOYV

TRDGGUHVV WKHVH FKDOOHQJHV FRPSXWDWLRQDO D



RXWSXWV ZLWK DXWRPDWHG GHVLJQ YHUL¢(FDWLRQ DQG UHLQ
JDLQHG LQFUHDVLQJ DWWHQWLRQ >r s t u v@ %\ FRPELQL
SURFHVVLQJ ZLWK FRGH EDVHG GHVLJQ UXOHV HQJLQHHUV F
DFFXUDF\ DQG LPSURYHG HdFLHQF\ LQ VODE GHVLJQ 7KLV Wi
WKLV JURZLQJ ¢HOG E\ GHYHORSLQJDQG YDOLGDWLQJ DQ DXV
IUDPHZRUN IRU VODE UHLQIRUFHPHQW GHVLJQ EDVHG RQ (XURH

WNOCZ»™MA ™M¢«A«RB«CA

:KLOH )(0 WRROV VXFK DV %5,*$'( 30XV SURYLGH GHWDLOHG
GDWD WUDQVODWLQJWKLVLQIRUPDWLRQ LQWR SUDFWLFDO U
D FKDOOHQJH 7KH PDQXDO LQWHUSUHWDWLRQ RI )(0 UHV>
LQFRQVLVWHQFLHY EHWZHHQ DQDO\WLY DQG GHVLJQ VWDJHYV
FRPPHUFLDO GHVLJQ VRIWZDUH RIWHQ IXQFWLRQV DV D FORV}
FRQWURO WUDQVSDUHQF\ DQG DGDSWDELOLW\ WR UHVHDUF
ZRUNARZV

7KH JDS EHWZHHQ GHWDLOHG QXPHULFDO DQDO\VLV DQG SU
GHWDLOLQJ PRWLYDWHY WKH QHHG IRU DQ RSHQ WUDQVSI
SRVW SURFHVVLQJIUDPHZRUN 6XFKDIUDPHZRUN VKRXOG GL
UHVXOWY HYDOXDWH 8OWLPDWHDQG 6HUYLFHDELOLW\ /LPLW
JHQHUDWH UHLQIRUFHPHQW PDSV WKDW DUH FRQVLVWHQW ZL\

WDZPp™eR«i™ Ae UeCN™

7TKHPDLQ REMHFWLYH RIWKLV WKHVLVLVWRGHYHORSDQGY
WRRO FDSDEOH RIDXWRPDWLQJWKHGHVLIQ YHUL,{FDWLRQ DQ
RIUHLQIRUFHG FRQFUHWH VODEV XVLQJ )(0 GHULYHG LQWHUCQC
JRDOV DUH

7T RLPSOHPHQW (XURFRGH s EDVHG GHVLJQ FKHFNV IRU 80W
8/6 DQGO6HUYLFHDELOLW\/LPLW 6WDWH 6/6 ZLWKLQ D 3\W

7R FRPSXWH UHTXLUHG UHLQIRUFHPHQW DUHDV DW DOO )
RUWKRJRQDO GLUHFWLRQV

$+7R JHQHUDWH UHLQIRUFHPHQW HQYHORSHV DQG FRQWRXU
YLVXDOL]DWLRQ

7R FRPSDUH WKH UHVXOWYV ZLWK WUDGLWLRQDO GHVLJQ UH
DVVHVVLQJDFFXUDF\DQG HAdFLHQF\

7KH VFRSH RI WKH VWXG\ LV OLPLWHG WR EHQGLQJ UHLG
6KHDUUHLQIRUFHPHQW UHGLVWULEXWLRQ HcHFWYVY DQG PXO\)
HIFOXGHG 7KHPHWKRGIRFXVHVRQ SRVW SURFHVVLQJUDWKH
DVVXPLQJWKDW WKH )(0ODQDO\VLVY KDVDOUHDG\EHHQ SHUIRUI



W=MR"CeC»CEODI™MOi«™i

JLIXUHr s LOOXVWUDWHY WKHRYHUDOO ZRUNARZ RI V
YHUL{FDWLRQ SURFHVV LPSOHPHQWHG WKURXJKRXW W
ZLWKWKHH[SRUWRILQWHUQDO IRUFHGDWD EHQGLQJ
JHRPHWULFDO GDWD RI WKH GHVLUHG VODE IURP %5,*§
SURJUDP UHDGY DQG SURFHVVHYVY WKH GDWD DSSOLH)
WR FRPSXWH UHTXLUHG UHLQIRUFHPHQW DQG JHQHULI
ERWK 8/6 DQG 6/6 7KH UHVXOWY DUH YLVXDOL]JHG DV FR
DIDLQVWWUDGLWLRQDO GHVLJQ UHVXOWY 7KHHQWLU
UHSURGXFLELOLW\ DQG SUDFWLFDODSSOLFDELOLW\ )
DQG FODVVL¢{¢]HG HQDEOLQJ LQIRUPHG GHFLVLRQV RQ
GLVWULEXWLRQRIUHLQIRUFHPHQW WKURXJKRXW WKH

Process Flowchart:

Export FEM Results

QObtain slab FEM results {axial forces, bending-
moments, etc.) from Brigade

)

Data Translation

Use Python script to translate Brigade output into
structured JSON file for direct use

1

Reinforcement Calculation

Compute required reinforcement at all nodes for
ULS and 5LS load combinations

1

Envelope Generation

Determine reinforcement envelopes inlongitudinal
and transversal directions, for top and bottom

1

Visualization

Plot reinforcement distribution across slab for
visual inspection and verification

!

Zone Selection
Identify reinforcement demands into zones

1

Comparison with Real Project
Benchmark results against original project design

Method Overview

[z)eriGaDE

~

23

JLIXUHr s 2YHUDOO ZRUNARZ RIWKH FRPSXWDWLRQDO GHVLJC

W\"™MPB«@ UROARAO ™

7KHWKHVLVLVRUJDQLI]HGDVIROORZYV

F&KDSWHUr+ QWURGXFWLRQ 3UHVHQWY WKH EDFNJ
REMHFWLYHV DQGVFRSHRIWKHVWXG\

t&€KDSWHU s £+ /LWHUDWXUH 5HYLHZ 5HYLHZV UHODW
RSWLPL]DWLRQ DQG SDUDPHWULF GHVLIJQ RIUHLQIF



$+&KDSWHU t + OHWKRGRORJ\ 'HVFULEHV WKH FRPSXWDW
LQFOXGLQJ GDWD H[WUDFWLRQ UHLQIRUFHPHQW FDOFXC
LPSOHPHQWDWLRQ

1&€KDSWHU u + 8DVH6WXG\ '"HPRQVWUDWHYV WKHDSSOLFDWLI
UHDO EULGJH VODEDQG FRPSDUHV UHVXOWY ZLWK WUDGLW

$1&KDSWHU v + 5HVXOWV DQG 'LVFXVVLRQ $QDO\]HV DQG Gl
LQFOXGLQJUHLQIRUFHPHQW HJFLHQF\DQG YDOLGDWLRQ R

F&KDSWHUw £ &RQFOXVLRQVDQG )XWXUH:RUN 6XPPDUL]JHV \
DOQG RXWOLQHVUHFRPPHQGDWLRQVIRUIXUWKHU UHVHDUF



8«BTM©’Bé©TM Q™Mj«™j

$XWRPDWLRQ LQ 5& VODE GHVLJQ KDV HPHUJHG DV D
HdFLHQF\ UHGXFH KXPDQ HUURU DQG VXSSRUWLQIRUP
HWDO >x@ GHPRQVWUDWH WKDW LQWHJUDWLQJ %,0 ZL
FDQ VXEVWDQWLDOO\GHFUHDVH ERWK GHVLJQ WLPH DC
SHXWHUVZIUG >r@ SURSRVHD JHQHWLF DOJRULWKP ED\
OD\RXW DXWRPDWLRQ VKRZLQJ WKDW VXFK DSSURDFK!
VXSHULRU FRQVWUXFWDELOLW\ DQG FRGH FRPSOLDQF
PHWKRGYV 6LPLODUO\ ;LD >t@ DSSOLHV SDUDPHWULTF
YHUL{FDWLRQ WR FRQFUHWH VODE EULGJHVY HQDEOL
IHDVLEOH GHVLJQ DOWHUQDWLYHY HdFLHQWO\ &ROO
WKH DGYDQWDJHV RI DXWRPDWHG ZRUNARZV HPSKDV
WUDQVSDUHQF\ DQGUHSURGXFLELOLW\WKURXJKRXW

$QRWKHU NH\ DUHD RI UHVHDUFK LV WKH LQWHJUDWL|
ZLWK VWUXFWXUDO DQDO\VLV WR LQIRUP UHLQIRUFHP
>s@ SUHVHQW D IUDPHZRUN WKDW FRQYHUWYV ¢ QLWH H
LQWR UHLQIRUFHPHQW JRQLQJ HQVXULQJ UDWLRQDO
UHVSHFWLQJ FRQVWUXFWDELOLW\ FRQVWUDLQWYV 7K
RSWLPL]DWLRQ DOORZLQJ UDSLG HYDOXDWLRQ RI P
VXSSRUWLQJ HDUO\ VWDJH GHFLVLRQ PDNLQJ ;LD >t¢
EHQH:{;WV RI OLQNLQJ )(0 DQDOVVLYV ZLWK SDUDPHWULF
YHUL,;FDWLRQ SURPRWLQJDPRUHH[SORUDWLYH GDWI
VWXGLHV XQGHUVFRUH WKH LPSRUWDQFH RI FRQQHFWI
ZLWK SUDFWLFDO GHVLJQ FRQVLGHUDWLRQV WR HQKDQ

2SWLPL]IDWLRQ WHFKQLTXHV IRU PDWHULDO HAdFLH
FRQVWLWXWH DQRWKHU SURPLQHQW WKHPH 6XU\DYD
PHWDKHXULVWLF RSWLPL]DWLRQ DOJRULWKPV2LQFC
*$ SDUWLFOH 6ZDUP 2SWLPL]DWLRQ 362 DQG *UH
*:2 2VKRZLQJ WKDW WKHVH DSSURDFKHV FDQ VLJQL¢
XVDJH ZKLOH VDWLVI\LQJ GHVLJQ FRGHV J/LQGJUHQ DC
)(O DQDO\WVLY SDUDPHWULF PRGHOLQJ DQG JHQHWLF
VWUXFWXUDODQG HQYLURQPHQWDO SHUIRUPDQFH DF
HPLVVLRQVDQG PDWHULDO FRQVXPSWLRQ
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7KLY FKDSWHU SUHVHQWY WKH PHWKRGRORJ\ GHYHO
YHUL{FDWLRQ RIUHLQIRUFHG FRQFUHWH 5& VODEYV ED
HOHPHQW PHWKRG )(0 UHVXOWYV REWDLQHG IURP %5,*%
WKH SRVW SURFHVVLQJRI)(0O RXWSXWV UDWKHU WKDQ |
$ 3\WKRQ EDVHG FRPSXWDWLRQDO IUDPHZRUN KDV EHH
)(O UHVXOWV SHUIRUP VWUXFWXUDO YHUL¢{FDWLRQV D
UHTXLUHG UHLQIRUFHPHQW GLVWULEXWLRQDFURVV Wi

7KHRYHUDOO SURFHVV VKRZQ LQ WKH )LJXUH Tr s FDQ
VWDJHV

r ((WUDFWLRQRI)(0OUHVXOWV IURP %5,*$'( 30XV
s 7TUDQVODWLRQRI)(05HVXOWYV LQWR D 6WUXFWXUHG

t (XURFRGHsSsYHUL{FDWLRQDWHDFKQRGHIRUERWK 8/
LQERWKRUWKRIRQDO GLUHFWLRQV

U 9LVXDOL]DWLRQDQG LQWHUSUHWDWLRQ WKURXJK F|
JRQLQJ

$ NH\ DGYDQWDJH RI WKLV DSSURDFK LV WKDW XQ(
GHVLIJQ PHWKRG ZKLFK RQO\ HYDOXDWHYV VHOHFWHDC
VODE WKH GHYHORSHG FRPSXWDWLRQDO IUDPHZRUN
HQWLUH VODE VXUIDFH 7KH VWULS PHWKRG W\SLFDO
H[SHULHQFH WR VHOHFW UHSUHVHQWDWLYH VWULSV D
DUHDV2SDUWLFXODUO\ LQ LUUHJXODU JHRPHWULHV RI
FRQWUDVW WKHFRQWRXU EDVHG HQYHORSH SORWYV S
RYHUYLHZ RI WKHUHLQIRUFHPHQW GHPDQG GLVWULEXYV

f3UHFLVH LGHQWL¢(FDWLRQ RI KLJK GHPDQG ]JRQH
UHLQIRUFHPHQW

I5HFRIJQLWLRQ RI ORZ GHPDQG ]JRQHV ZKHUH UHLQIR
VDIHO\ EXWQRWEHORZ (XURFRGH S sPLQLPXPV

$+(VWDEOLVKPHQWRIDUDWLRQDODQGGDWD GULYHQ
DQG GHWDLOLQJ

7KH IROORZLQJ VHFWLRQV SUHVHQW WKH VWHS E
SRVW SURFHVVLQJ )(0 UHVXOWV IURP %5,*$'( 30XV D
ZLWK (XURFRGHs EDVHG UHLQIRUFHPHQW GHVLJQ (DFE
DVSHFL{;FZRUNARZVWDJH IURPUDZ)(0OH[WUDFWLRQ W
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JROORZLQJWKH GH¢QLWLRQRILQSXW GDWD DQG YHUL¢FDW!|
LQ WKH SUHYLRXV VHFWLRQV D 3\WKRQ EDVHG LPSOHPHQW
WR DXWRPDWH WKH UHDGLQJ LQWHUSUHWDWLRQ DQG FODV
H[SRUWHG IURP %5,*$'(30XV 7KH SULPDU\REMHFWLYH RI WKL
LGHQWLI\HDFK ORDG FRPELQDWLRQDQG SUHSDUH WKH QXPHU
(XURFRGHS EDVHG YHUL¢(FDWLRQDQG UHLQIRUFHPHQW GHVLJ

7KH ¢ QLWH HOHPHQW UHVXOWY DUH SURYLGHG DV ([FHO ZR
¢.OH FRUUHVSRQGYVY WR RQH ORDG FRPELQDWLRQ DQG HDFK ZF
VWULS RI LQWHJUDWLRQ SRLQWYV DFURVV WKH VODE 7TKH H
DXWRPDWHG XVLQJ3\WKRQ UHO\LQJRQVWUXFWXUHG ORRSV
H[SUHVVLRQV DQG PRGXODU IXQFWLRQV 7KLV DSSURDFK H
SURFHVVLQJRIODUJH)(OGDWDVHWYV ZKLOHPLQLPL]JLQJWKH U

W We» ™ Ue AAAE Ae jCOL@ "™ ™R U™»™eR«CA

7KH SURJUDP VFDQV D XVHU GH¢{QHG GLUHFWRU\DQG DXWRPDV
([FHO ¢ OHV FRQWDLQLQJ)(0 UHVXOWYV 7HPSRUDU\RU V\VWHP

DV WKRVH SUHQ{DIGHZHIWIOXGHG WR DYRLG XQLQWHQGHG SURF
GHWHFWHG ([FHO ¢OH LV WUHDWHG DVDQ LQGHSHQGHQW UHYV
VLQJOH ORDG FRPELQDWLRQ

7QH/2°nT i? 4 ]1X]
7Q° 7BH2 BM QbXHBDbi/B'U7QH/2 ' nT i?V,
B7 7BH2X2M/brBi?U]XtHbt]V M/ MQi 7BH2Xbi “ibrBi?U] 0]V,
tHb 4 T/X1t+2H6BH2U7BH2V
b?22inM K2b 4 (b 7Q° b BM tHbXb?22inM K2b
B7 ]THQi] MQi BM bXHQr2 UV)

LWKLQ HDFK ¢ OH DOO UHOHYDQW ZRUNVKHHWY DUH UHDG VH"
SORWWLQJ RU YLVXDOL]DWLRQ VKHHMHIXWBWHBLAUVQFRIWHWG 7KH XV
G\QDPLF GHWHFWLRQ/RL¢EHQHY BHH@BEYOHY HdFLHQW DFFHVV WHE
PXOWLSOH ZRUNVKHHWY ZLWKRXW UHSHDWHGO\UHORDGLQJW

W WOB©,°B<<QA,A° »,®®«¢«°,B«QA Ce¢c8C,- QAZ«A,B«CA =™ o 3,

'"HVFULSWLYH LQIRUPDWLRQ GH¢{;QLQJ WKH ORDG FRPELQDW
SUHGH¢{QHG KHDGHU URZV RI HDFK ZRUNVKHHW 7KHVH URZV |
UHODWHG WR

fWKHOLPLW VWDWH 8OWLPDWH/LPLW 6WDWHRUGHUYLFHDE
IWKHVLIQRIWKHLQWHUQDO DFWLRQ PD[LPXP RUPLQLPXP
FWKHVWUXFWXUDO GLUHFWLRQRIWKHLQWHUQDO IRUFHV O
ItWKHORDG FRPELQDWLRQLGHQWL¢HU



7KLV LQIRUPDWLRQ LV HIWUDFWHG XVLQJ D GHGLFD\
LOWHUSUHWYVY WKH KHDGHU FRQWHQW WKURXJK NH\Z
PDWFKLQJ

ivTi2n- bB;Mn- B/n- /B 2+iBQM 4 2ti° +inK2i / i U7TmHHnN/7\

7KH FODVVL¢{FDWLRQ LV SHUIRUPHG XVLQJ FRQGLWLRC
SDWWHUQ UHFRJQLWLRQ HQVXULQJ WKDW ORDG FRPE
FRUUHFWO\FDWHJRUL]JHG ZLWKRXWDQ\PDQXDOLQSXW
PDNHV WKH IUDPHZRUN UREXVW DJDLQVW PLQRU YDULD
([FHO H[SRUWV

W W-T""AB«G:«-,B«(;A c¢ 0<<,>>!C}O°TM,A- ™Ae«AE :QATMAB ,

,QWKH)(0ORXWSXW ID[DDG RWFENVQI MRPHMBWWRUHG XQG
GLcCHUHQW DQDO\VLVY FDVH QXPEHUV JHQHUDWHG E\ $%$
GHWHUPLQHV ZKLFK FDVH FRUUHVSRQGV WR HDFK LQW
KHDGHUURZV IRU WKE&NBHPR&B[WUDFWLQJWKHFDVH QX
UHJXODU H[SUHVVLRQV

Ki+?nL 4 "2Xb2 "+?2U ** p2$bYUS$/YVA- HBM2nRNYV
Ki+?nJd 4 "2Xb2 "+?2U ~* b2$bYUS$/YV"A- HBM2nkyV

2QFH WKH UHOHYDQW FDVH QXPEHUV DUH LGHQWL¢F
FRUUHVSRQGLQJ FROXPQV FRQWDLQLQJ WKH QXPHULF
FROXPQ KHDGHUV LQ D SUHGH¢{QHG UHIHUHQFH URZ

"Qrnkk 4 7TmHHnNn/7XBHQ+(kR)X bivT2Ubi 'V

7Q +2n+QHNBM/2t 4 "Qrnkk("QrnkkXbi*X+QMi BMbU
71* b2 &+ b2nMmMK#2 nL']V)XBM/2t(y)

KQK2Min+QHNnBM/2t 4 "Qrnkk( QrnkkXbi " X+QMi BMbU
7]1* b2 &+ b2nMmK#2 ' nJ']V)XBM/2t(y)

7KLV G\QDPLF FROXPQ LGHQWL¢{FDWLRQ HQVXUHV WKI
PRPHQWY DUH FRUUHFWO\ DVVRFLDWHG ZLWK HDFK OR
FROXPQ RUGHU LQ WKH ([FHO ¢(OH %\ DYRLGLQJ KDU
WKH PHWKRG VLIQL,FDQWO\NLPSURYHV UREXVWQHVYV I
PLVLQWHUSUHWDWLRQRI)(O UHVXOWYV

2YHUDOO WKLV DXWRPDWHG UHDGLQJDQG FODVVL¢FD!
EHWZHHQ UDZ )(0 RXWSXW DQG VWUXFWXUHG QXPHULF
GRZQVWUHDP SURFHVVLQJ IRU (XURFRGH s YHUL¢FD
FDOFXODWLRQ

W\VO,AZ» BR«CACC! =Q™@Pa»R@ «ARC,URD4a.RA0O ™. 3

$IWHU LGHQWLI\LQJ DQG FODVVLI\LQJ WKH ORDG FR
)(O UHVXOWY DUH WUDQVODWHG LQWR D VWUXFWXUHC(



IRU DXWRPDWHG (XURFRGH s YHUL{FDWLRQ DQG UHLQIRUFH
VWHS UHSUHVHQWY WKH FRPSXWDWLRQDO UHDOL]DWLRQ F
SULQFLSOHVY GHVFULEHG HDUOLHU DQG HVWDEOLVKHVY D FOH
SRVW SURFHVVLQIJDQG VWUXFWXUDO GHVLIQURXWLQHYV

7KH WUDQVODWLRQ SURFHVV LV SHUIRUPHG RQ D ZRUNVKHF
JRU HDFK ZRUNVKHHW WKH SURJUDP LGHQWL,HV WKH D[LD¢
PRPHQW FDVHV DVVRFLDWHG ZLWK WKH VHOHFWHG ORDG FRP
PHFKDQLFDOO\ FRQVLVWHQW LQWHUQDO DFWLRQV DUH SURFH
WLPH JHRPHWULF LQIRUPDWLRQ VXFK DV QRGDO FRRUGLQDW
UHDG DQG UHFRQVWUXFWHG WR PDLQWDLQ VSDWLDO FRQVLV\
SRLQWYV

W W™ e«AE*AR™MED R«CARNC«AR I, »a™Q

(DFK ZRUNVKHHW FRQWDLQV sv LQWHJUDWLRQ SRLQWV FR
LOQWHJUDWLRQ SRLQWY DORQJ D GHVLJQ VWULS RI WKH VODE
LQ URZV stxux RI WKH ([FHO VKHHW 7KH VFULSW H[WUDFWYV E
JHRPHWULF GDWD DV IROORZV

Lnp Hm2b 4 7mHHN/7XBHQ+(kk,9d- 7Q +2n+QHnBM/2t)X bivT2U7
Jnp Hm2b 4 7TmHHN/7XBHQ+(kk,9d- KQK2Min+QHNBM/2t)X bivT2U

/7 4 TIX 2 In2t+2HUtHb- b?22inM K24b?22i- bFBT Qrb4kR- M Qrb
/7 4 ITXBHQ+(,- (y- k- |))
J7TX+QHmMKMb 4 (JASn1H2K2Mi]- Jul- 1i])

+HUASN1IH2KZBWHIQWL{HYV WKH )(0 HOHPHQ WQ@BAPERIWH ZKLOH
WKH QRGDO FRRUGLQDWH DQG VODE WKLFNQHVV UHVSHFWL
PHFKDQLFDODQG JHRPHWULFGDWDDOORZVIRUAH[LEOHDQGV
SURFHVVLQJ

W WOIB«EAA™MARCEC *AR™OA,» *R«CAGRC ™MP«EA «O™R«CAQD

7R HQDEOH LQGHSHQGHQW UHLQIRUFHPHQW GHVLJQ LQ WKH
GLUHFWLRQV D[LDOIRUFHVDQGEHQGLQJPRPHQWVDUHDVVL.
YDULDEOHV EDVHG RQ WKH GHWHFWHG ORDG GLUHFWLRQ

J/IR- L/R- J/k- L/k 4 U
UJnp Hm2b(D)- Lnp Hm2b(D)- y- yV B7 /B 2+iBQM 44 R 2Hb2
Uy- y- Jnp Hm2b(D)- Lnp Hm2b(D)V
\Y,

7KLVFRQGLWLRQDODVVLIQPHQW HQVXUHV WKDW ORQJLWXGL:
DFWLRQV DUH QHYHU PL[HG DQG FDQ EH YHUL¢HG LQGHSHQG
(XURFRGH s FKHFNYV



W WB@™MAZ»6C¢R"™3UD> ,B, UROA-RAO™

(DFK LQWHJUDWLRQ SRLQW LV VWRUHG DV DQLQGLYLG X
FRRUGLQDWHY WKLFNQHVV )(0 LGHQWL:_FDWLRQ GD\
LQWHUQDO DFWLRQV

TQBMi 4 &

Is], "Qr(]s])-
lul, "Qr(Jul)-
lw], yXy-
1i], "Qr(li])-
1J/R], JIR-
13/K], J/k-
JL/R], L/IR-
JL/K], L/k-

JASN1H2K2Mi], BMiU Qr(JASn1H2K2Mi])V-
JASNAMi2;" iBQMSQBMi], R-
JASnAMbi M+2], ][*PL* _1hlah_I*hl_1@R]

,Q WKLV QXPEHULQJ FRQYHQWLRQ O0Gr DQG 1Gr GHQF
PRPHQWDQG WKHDVVRFLDWHG D[LDO IRUFHLQ WKH ORC
DQG 1Gs UHSUHVHQW WKH GHVLJQ EHQGLQJPRPHQW DQ
LQWKHWUDQVYHUVH GLUHFWLRQ

$00 LQWHJUDWLRQ SRLQWY EHORQJLQJ WR WKH VDPH
WRJHWKHU ZLWKLQ D KLHUDUFKLFDO GDWD VWUXFWXU
DQG ¢OHV WKH FRPSOHWH GDWDVHW LV H[SRUWHG W
LOQWHUPHGLDWH -621 IRUPDW SURYLGHV D FOHDU VHSE
KDQGOLQJ DQG VWUXFWXUDO GHVLJQ FDOFXODWLRQV
LQVSHFWLRQ GHEXJJLQJ DQG YDOLGDWLRQRIWKH WU

W W,B, *AR™MEO«ROi™MO«t«e, R«CA

7R HQVXUH WKH UHOLDELOLW\ RI WKH GDWD WUDQVOI
QXPHULFDO YHUL¢FDWLRQ SURFHGXUHV ZHUH FDUULI
PRPHQWGLVWULEXWLRQVREWDLQHG GLUHFWO\IURP W
FRPSDUHG ZLWK WKRVHJHQHUDWHG E\WKH 3\WKRQ ED\)\
WUDQVODWLRQ WR WKH -6211RUPDW

JLIXUHt r SUHVHQWY WKH EHQGLOM RFRRPKNDWLGH @ X UW E
WKH %5,*$'"( 30XV HQYLURQPHQW ZKLOH )LIXUH t s VKF
GLVWULEXWLRQ REWDLQHG XVLQJWKH3\WKRQIUDPHZR

7TKHFRPSDULVRQ FRQ{¢UPV D KLIJIKGHJUHH RIDJUHHPHQ
VSDWLDO GLVWULEXWLRQ RIEHQGLQJPRPHQWYV

,QDGGLWLRQWRWKHYLVXDO FRPSDULVRQ DSRLQW E
ZDV FRQGXFWHG $[LDO IRUFHVY DQG EHQGLQJ PRPF



Contour Plot of Moments at Longitudinal ULS Max Load Combination
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JLIXUHtt %HQGLQJPRPHQWYV DWVHFRQG URZRIQRGHVLQ ORQJLWXG

7KLY FRPELQHG YLVXDO DQG QXPHULFDO YDOLGDWLRQ FRQ
WUDQVODWLRQ SURFHVV SUHVHUYHVWKHLQWHJULW\RIWKH)(
GDWDVHW FDQ EHVDIHO\ XVHG DV LQSXWIRUVXEVHTXHQW (XU

W W,»«e B«CAR OCAE"NOCHu™eR NN»«e B«CA

7TKHGHYHORSHG IUDPHZRUN ZDV DSSOLHG WR D UHDO EULGJH
YDOLGDWH LWY SHUIRUPDQFH 7KHFRPSXWHGUHLQIRUFHPHQ
ZLWKWKRVHREWDLQHGIURPWKHWUDGLWLRQDOGHVLIJQUHSR



RQ
IFRQVLVWHQF\RIUHLQIRUFHPHQW GLVWULEXWLRQ S

FWRWDO UHLQIRUFHPHQW TXDQWLWLHYV
fHAFLHQF\JDLQVLQ PDWHULDO XVDJHDQG FRPSXWDYV

TKHUHVXOWY GHPRQVWUDWHG WKDW WKHDXWRPDWHG
FRQVLVWHQW DQG HFRQRPLFDOO\ FRPSHWLWLYH U}
VLIQL,;FDQWO\V\UHGXFLQJPDQXDO HCcRUWDQG SURFHVYV

w éQC-Q-TM, i™MO«t«e BR«CA R ,o" >Ce™ ICO CR" _:
CA«RBR«CAQD

3\WKRQ IXQFWLRQV WDNH WKH -621 VWUXFWXUHG )(0 L
YHFWRUL]JHG RSHUDWLRQV DFURVV DOO LQWHJUDWLI
FRPSXWDWLRQDO IUDPHZRUN LV WKHLPSOHPHQWDWLR
YHUL;FDWLRQ HTXDWLRQV (DFK QRGH XQGHUJRHV YH
/LPLW 6WDWH 8/6 DQG 6HUYLFHDELOLW\/LPLW 6WDWH
VFULSWLWHUDWHVY RYHUDOO ORDG FRPELQDWLRQV DQ
FDOFXODWLRQV DFFRUGLQJ WR (XURFRGHs &RQGLWLR
QXPHULFDO URRW ¢(¢QGLQJ PHWKRGY DUH XVHG WR KDQ
EHWZHHQ 8/6 DQG 6/6 GHVLJQ

+t8OWLPDWH /LPLW 6WDWH 8/6 FKHFNVIRUEHQGLQJD
ft6HUYLFHDELOLW\/LPLWG6WDWH 6/6 FKHFENV IRU FUD

8«@RCECUOGAZC»D

7DEOHt r VXPPDUL]HV WKH PDLQ SDUDPHWHUV XVHG LQ
FRUUHVSRQGLQJXQLWVDQGD VKRUW GHVFULSWLRQ

7TDEOHtr 6\PEROV XVHGLQWKH8/6DQG 6/6 YHUL,{FDWLRQDQG
6\PERO 8QLW 'HVFULSWLRQ
b PP  G6HFWLRQ ZLGWK
h PP 7RWDO VHFWLRQKHLJKW
d PP (cHFWLYHGHSWKWR WHQVLOHUHLQIRU
d° PP (cHFWLYHGHSWKWRFRPSUHVVLRQ UHL
c PP  &RQFUHWHFRYHUWRUHLQIRUFHPHQW

PP 5HLQIRUFHPHQWEDU GLDPHWHU

o 03D &KDUDFWHULVWLFFRQFUHWHFRPSUHYV
f o 03D 'HVLJQ FRQFUHWHFRPSUHVVLYH VWUH(
f et 0:08 03D v IUDFWLOHWHQVLOHVWUHQJWK RIFR

f ctd 03D '"HVLIQWHQVLOH VWUHQJIJWK RIFRQFUH
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(cC HFWLYHWHQVLOHVWUHQJWK RIFRQFUHWH

&KDUDFWHULVWLFVWHHO\LHOG VWUHQJWK
'"HVLIQ\LHOG VWUHQJIJWK RIUHLQIRUFHPHQW
THQVLOH UHLQIRUFHPHQW VWUHVYV
OD[LPXPWHQVLOHVWHHO VWUHVV DW 6/6
'HVLIQ VWHHO VWUHVV IRUDQFKRUDJH

3SDUWLDO VDIHW\ IDFWRUV IRUFRQFUHWHDQG \
6WHHO PRGXOXV RIHODVWLFLW\

OHDQ FRQFUHWHPRGXOXV RIHODVWLFLW\
(CHFWLYHFRQFUHWHPRGXOXVLQFOXGLQJFUL
&UHHS FRHAdFLHQW

'HVLJQ EHQGLQJPRPHQW DW 8/6

'HVLIJQ EHQGLQJPRPHQW DW 6/6

'HVLJQ D[LDO IRUFH WHQVLRQ SRVLWLYH
$[LDO IRUFH DW 6/6

'"HVLJQ EHQGLQJ UHVLVWDQFH

IHXWUDO D[LV GHSWK IURP FRPSUHVVHG HGJH
%DODQFHG QHXWUDO D[LV GHSWK

8OWLPDWH FRQFUHWH FRPSUHVVLYH VWUDLQ
7HQVLOH VWHHO VWUDLQ

BWHHO \LHOG VWUDLQ

OHDQ VWHHO VWUDLQ

OHDQ FRQFUHWH VWUDLQ

(XURFRGH s FRQFUHWH VWUHVV EORFN SDUDPH
5HVXOWDQW FRQFUHWH FRPSUHVVLYH IRUFH
'LPHQVLRQOHVV QHXWUDO D[LV SDUDPHWHU
1RUPDOL]JHG EHQGLQJPRPHQW

$UHD RIWHQVLOH UHLQIRUFHPHQW
$UHD RIFRPSUHVVLRQ UHLQIRUFHPHQW
(c HFWLYHFRQFUHWHWHQVLRQDUHD
(CHFWLYH KHLJKW RIWHQVLRQ ]JRQH
(CHFWLYHUHLQIRUFHPHQW UDWLR

&KDUDFWHULVWLF FUDFN ZLGWK
$OORZDEOH FUDFN ZLGWK

OD[LPXP FUDFN VSDFLQJ

IRDG GXUDWLRQIDFWRU IRUFUDFNLQJ
&UDFN VSDFLQJFRHAFLHQWYV

'"HVLJQ ERQG VWUHQJWK

%DVLFUHTXLUHG DQFKRUDJH OHQJWK

'HVLJQ DQFKRUDJH OHQJWK

'HVLJQ ODS OHQJWK

$QFKRUDJHDQG ODS OHQJWK PRGL¢{FDWLRQ ID
S5HTXLUHG UHLQIRUFHPHQW DUHD

B3URYLGHG UHLQIRUFHPHQW DUHD



$00 HTXDWLRQV LQ ttr DQG tt s DUH V\PEROLF IF
(rzzs rr

W WrR«A,BR™ 8«A«RBRUR,R™ | 8Um

7KH SXUSRVH RI WKH 8OWLPDWH /LPLW 6WDWH 8/6 YHL
D UHLQIRUFHG FRQFUHWH UHFWDQJXODU FURVYV VHFW
EHQGLQJ PRRHXN D[LDONgfRUFFHHU IDFWRUHG ORDG FRP|
LQDFFRUGDQFH ZLWK (XURFRGH s (1rzzsrr &0DXVHw

7KH GHVLJQ LV SHUIRUPHG LQGHSHQGHQWO\ IRU HELC
GLUHFWLRQDQGLVEDVHGRQWKHIROORZLQJIXQGDPH

FHTXLOLEULXPRILQWHUQDO IRUFHVDQG PRPHQWYV
fOLQHDU VWUDLQ GLVWULEXWLRQRYHU WKHFURVYV V|
FIXOOVWUDLQ FRPSDWLELOLW\EHWZHHQ FRQFUHWH

FOQORQOLQHDU FRQFUHWH FRPSUHVVLRQ EHKDYLRU Ut
UHFWDQJXODU VWUHVV EORFN

W W WO«EA =, B™MO«,» NC)CNTMC)B<<TM®

7TKHGHVLIJQ YDOXHV RIPDWHULDO VWUHQJWKYV DUH GHy
&ODXVH s u s
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7TKH <RXQJYV PRGXOXV RI UHLQIRUFHPEH QWQWGWMKIID L\
FRUUHVSRQGLQJ\LHOG VWUDLQ LV

f
yd:Ld tt
S

7KH XOWLPDWHFRPSUHVVLYHVWUDLQRINERQFUHWH L
&ODXVHTt rt

W WWCA™MRO«e N,O,LA™MR™O @
7KHHCHFWLYHGHSWK WR WKHWHQVLOH UHLQIRUFHPHQ

d=h ¢ = tu

ZKHOUHV WKH WRWDO V& EW WRKMH KHRIQIKWH W HLWVRW KH D (
UHLQIRUFHPHQW EDU GLDPHWHU



W W @AO™ME™ CANO™@@«GA=Ce™»

&RQFUHWH LQ FRPSUHVVLRQ LV UHSUHVHQWHG E\ WKH (XU
UHFWDQJXODU VWUHVV EORFN (1 rzzsrr &ODXVH w s x
FRPSUHVVLYHIRUFHLV

C=fcde t v
ZKHUH

thLV WKH VHFWLRQ ZLGWK
X LV WKH QHXWUDO D[LV GHSWK PHDVXUHG IURP WKH FRPSUF
+ DQGDUH FRQFUHWH VWUHQJWK+GHSHQGHQW VWUHVV EORT

TKHUHVXOWDQWFRPSUHVVLY K IRIWRPDNFRVHARP S I GH VWD) F H
HGJH

W WWBO,«A CAN,BR«Z«»«B6 , AcUR™ ™% URO™ QP

$ OLQHDU VWUDLQ GLVWULEXWLRQ RYHU WKH FURVV VHFWLRC
&ODXVHwWw r $WXOWLPDWHFRQGLWLRQV WKHFRQFUHWH VWU
UHDFKHNMQG WKHWHQVLOHUHLQIRUFHPHQW VWUDLQLV REWDL

noo_n d X t w
S cu X

7TKHWHQVLOHUHLQIRUFHPHQW VWUHVV LVHYDOXDWHG DV
(
fyd; S yd
Es"s; IIs<Il yd

7KXV \LHOGLQJ RI WKH WHQVLOH UHLQIRUFHPHQW LV QRW
IROORZV GLUHFWO\IURP VWUDLQ FRPSDWLELOLW\

W W W, Ae™e>™MaRO . » 0«@ ™NR"

7KH EDODQFHG QHXWUDO D[LV GHSWK FRUUHVSRQGV WR WK
WHQVLOHUHLQIRUFHPHQW UHDFKHV WKH\LHOG VWUDLQ VLPXC
FRQFUHWH VWUDLQ (l1rzzsrr &0ODXVHwW st

cu
Xp= ——d t
; IIcu"'"yd y
7KLVYDOXH VHSDUDWHV\LHOGLQJDQG QRQ \LHOGLQJUHLQI
LVXVHGWRGHWHUPLQHWKHDSSOLFDEOH VWHHO VWUHVV PRC
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ORPHQW HTXLOLEULXP LVIRUPXODWHG ZLWK UHVSHFW

OHYHO 7KHGHVLIJQ UHVLVWLQJPRPHQWLV H[SUHVVHG
h

X
= -+ —
MRd f chb d > NEg d > t z

ZKHNG LVFRQVLGHUHG SRVLWLYHLQWHQVLRQ (1rzz:
7KH 8/6 YHUL,{FDWLRQ FRQGLWLRQ LV

Mgrd  Meqg t rq

W W MMAG«CA»™MPFFICOAEA», R«CA

JRUD UHFWDQJXODU FURVV VHFWLRQ ZLWK VLQJOH WH

D[LVGHSWKLVH[SUHVVHGLQ GLPHQVLRQOHVVIRUP DV
X

I = — trr
d

$ QRUPDOLIHGEHQGLQJPRPHQWLVLQWURGXFHG
M N h
_ Meg ed d 3 Crs

f cgbc?

7KH GLPHQVLRQOHVV QHXWUDO D[LV SDUDPHWHU LV
HTXLOLEULXP

1 =1 I01 2m trt

7TKLVIRUPXODWLRQDOORZVD GLUHFWDQGHdFLHQW F
GHSWK ZLWKRXWLWHUDWLYH SURFHGXUHYV

W WQW™MOA«O™Me \™MAG«»™ QM™M«ACCOe™MA™MAR O™,
TKHUHTXLUHG WHQVLOH UHLQIRUFHPHQW DUHD IROORZ
_ Ibd f g+ NEgg

S

(I WKHUHVXOWLQJYDOXHLY QHIJIDWLYH QR WAMQVLOH I
LVVHWWR]JHUR

Ag t ru

W WitWO«t«e R«kCACER™ ™ ™MPFEA™Me QM«ACCOs™A™AR

7KH REWDLQHG UHLQIRUFHPHQW DUHD LV YHUL¢{¢HG E\
PRPHQW XVLQJ WKH JHQHUDO HTXLOLEULXP IRUPXODW
LV DFFHSWHG LI WKH YHUL¢{FDWLRQ FRQGLWLRQ LQ (T
FRQVLVWHQF\ EHWZHHQ WKH FORVHG IRUP GHVLJQ HJ
VWUDLQ FRPSDWLEOHHTXLOLEULXP PRGHO



UAaAA,06C¢tR" ™ 88U ™MP«EANOCe™ea0™

r (YDOXDWH GHVLJQ PDWHULD'QSDUDPHWHUYV

s &RPSXWH WKHHcHFWLYH GHSWK

t " HWHUPLQH WKHEDODQFH®QHXWUDO D[LV GHSWK

u &RPSXWH WKH QRUPDOL]H®BEHQGLQJPRPHQW

v 2EWDLQ WKH QHXWUDO D[LV GHSWK YLD

w (YDOXDWHVWHHO VWUDLQ DQG VWUHVV IURP FRPSDWLELOL
X &RPSXWHWKHUHTXLUHG WHQWLOH UHLQIRUFHPHQW DUHD
y OHULI\WKH PRPHQW UHVLVWDQFH XVLQJJHQHUDOHTXLOLE!

W W™Qi«ce™ Z«»«RO8«A«BUR,R™ [USUM ™MPB«EACCO O,s1«Af

7KH 6HUYLFHDELOLW\ /LPLW 6WDWH 6/6 YHUL¢{¢FDWLRQ HQVX
FRQFUHWH VODE SHUIRUPV VDWLVIDFWRULO\XQGHU QRUPDO V
HI[FHVVLYHFUDFNLQJWKDWFRXOGLPSDLUGXUDELOLW\ DSSHI
WKLV WKHVLV RQO\FUDFNZLGWK FRQWUROLV FRQVLGHUHG Z
LVOQRWLQFOXGHG 7KH6/6 UHTXLUHPHQW LV H[SUHVVHG DV

Wy WoLp trv

ZKHWHLY WKH FKDUDFWHULV WA WKW DICCONRK. DECGH FUDFN
ZLGWK SUHVFULEHG E\ ( XURFRGHs GHSHQGLQJRQWKHVHUYLF
6r 6s RUG6t

$00 6/6 FDOFXODWLRQV DUH LPSOHPHQWHG LQ 3\WKRQ
DXWRPDWLFDOO\ DW HDFK LQWHJUDWLRQ SRLQW RI W]
)( PRGHO HQDEOLQJ D IXOO\ DXWRPDWHG QRGH EDVH(
YHUL({FDWLRQ DQG UHLQIRUFHPHQW VL]LQJ SURFHGXUH 7
rnFn 2BM7n 2+in+ QbhwvbX¥iB@ WR FRPSXWH WKH FUDFN ZLGW
WKHFRUUHVSRQGLQJUHTXLUHG UHLQIRUFHPHQW IRUD JLYHQ

W WUWeR«CA,» A »060«@8 aA+™O U8U

&UDFN ZLGWK YHUL¢{FDWLRQ LV SHUIRUPHG DVVXPLQJ D FU
6WDJH,, LQDFFRUGDQFH ZLWK (XURFRGH s &ODXVHx t 7KH
LVHYDOXDWHG XQGHU WKH FRPELQHGI HahHPF WGRDBHD@GLQJ PRP
IRUNK /s REWDLQHG IURP WKH )(0DQDO\VLYV

JRUWKH VHFWLRQDO HTXLOLEULXP WKHPRGXODUUDWLRLQ

Es

SHUP —Ecm/(1+ 0



ZKHEsH.V WKH VWHHO PR G XRQXMRWHK B8 PYWQFIRMMFUHWH P
DQGLV WKH FUHHS FRHAFLHQW (XURFRGH s &ODXVH t
GHSWK GHWHUPLQHG QXPHULFDOO\IURPWKHHTXLOLEU
FUDFNHG VHFWLRQ DFFRXQWLQJIRUWHQVLOHDQG FR
SUHVHQW

I WKH QHXWUDO D[LV OLHV RXW WEGH WKKIHF\RKFAW HRWH
FODVVL{;HGDVIXOO\FRPSUHVVHGDQGFUDFNWRUPDWLR
0

W WaWO«AAA GR™ ™y, GRO™M P @

JRU FUDFNHG VHFWLRQV WKH PD[LPXPR W\HEREGS KWHRMG |
I[URP VHFWLRQDO HTXLOLEULXP 7KLV VWUHVV FRUUH
WHQVLOH UHLQIRUFHPHQW OD\HUDQG JRYHUQV FUDFN
FDOFXODWLRQDFFRXQWV IRUWKHHCHFWLYH PRGXODU
UHDOLVWLF VWUHVV UHGLVWULEXWLRQ XQGHU VXVWDL

W W WE™eR«i™RB™MAG«CA , O™,

7KH HCHFWLYH FRQFUHWHARYHD EQOWXQWWRG DFFRU
(XURFRGHsS &0ODXVHXx tst )RUVLQJO\UHLQIRUFHG VH
RIWKHWHQVLRQ]JRQHLV GH;QHG DV

h x h
hene KBM:SH d); < 0 t rx
' 3 2
)RU GRXEO\UHLQIRUFHG VHFWLRQV RU IXOO\ WHQVLR
RI FRPSUHVVLRQ UHLQIRUFHPHQW LV LQFOXGHG IROOI
HcHFWLYHWHQVLRQ DUHD LV WKHQ REWDLQHG DV

AchF bhc;Hc try

7TKHHCHFWLYHUHLQIRUFHPHQW UDWLRLVGH¢{QHG DV

= As t rz
PR e Ac;Hc
ZKHAHVWKHDUHD RIWHQVLOHUHLQIRUFOIGNQWF 7B H |
DUHVHOHFWHGDFFRUGLQJWR (XURFRGHOLPLWYV &ODX
FRQWURDO

W WM AGBRO,«Aect¢™O™Ae™

7KH PHDQ VWUDLQ GLcHUHQFH EHWZHHQ UHLQIRUFHP
HYDOXDWHG XVLQJ (XURFRGH s (T x z
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ZKHUH

HfeewcktlVWKHHCHFWLYH WHQVLOH VWUHQJIJWK RIFRQFUHWH D
DQGORQJ WHUP ORDGLQJHCHFWYV

I LovwEs/Ecm LV WKH PRGXODU UDWLR ZLWKRXW FUHHS

tki =04 IRU ORQJ WHUP SHUPDQK QW6 ORDGKRUWQEHUP
UDUH ORDGLQJ (XURFRGHs &ODXVHX t u

TKHLQVWDQWDQHRXV PRGXODU UDWLR LV XVHG EHFDXVH FU
WKHVWUDLQ GLcCHUHQFH WKDW JRYHUQV FUDFNIRUPDWLRQ

W WaWo«AAA «O,s1 IN,s«AE
7KH PD[LPXP FUDFN,. ¥ SDF¥ILRDIOFXODWHG DFFRUGLQJ WR (XURTF
(T xrr

S K t= k3C+ k1k2k4— t sr
p;HC

ZKHUH
fcLVWKHFRQFUHWHFRYHU
¥ LVWKHHTXLYDOHQWUHLQIRUFHPHQW EDU GLDPHWHU

tky, DFFRXQWV IRU ERQG SURSHUWLHV RI WKH UHLQIRUFHP]I
KLIJIK ERQG EDUV

tk, DFFRXQWV IRUWKHVWUHVV GLVWULEXWLRQ EHQGLQJRU

tks DQky DUH FRHAdFLHQWV UHFRPPHQGHG E\ (XURFRGH s

JRUFDVHV ZLWK ODUJHUHLQIRUFHPHQW VSDFLQJ WKH DOWF

Srk t=1:3(h x) t ss

LVDSSOLHGLQDFFRUGDQFH ZLWK (XURFRGH SURYLVLRQV



W W @, ¢L el

7KHFKDUDFWHULVWLF FUDFNZLGWK LV ¢QDOO\REWDLC

Wk:Sr;Kt("sm cm) t st
7TKLVIRUPXODWLRQH[SOLFLWO\FDSWXUHV WKH LQAX}
GLDPHWHU ERQG SURSHUWLHY ORDG GXUDWLRQ DQG

W WM ™e ¢CO ,A«B™O RBR«i™ @FC»aR«CA

7TKHFUDFNZLGWKIRUPXODWLRQLQ (XURFRGHSLVLPSOI
UHLQIRUFHPN QWRDVWKAHW KH PD[LPXP FJ,DFINQG W KIHQRIH D Q
VWUDLQ GI'eHUHQFRHSHQG GLUHFWO\ RY W® G RY Bl Ik WWB \HF
HCcCHFWLYH UHLQIRUFHPHQW UDWLR WKHQHXWUDO D[LV
DUHVXOW WKHFKDUDFWHULVWLFFUDFNZLGWKFDQQR
GLUHFW IX@FWLRQ RI

(XURFRGH s WKHUHIRUH SURYLGHYVY FUDFN ZLGWK HJ
YHUL{FDWLRQ IRUPDW UHTXLULQJ WKDW

Wi (As)  Worp t su

UDWKHU WKDQ VXSSO\LQJ DQ H[SQALFLARQMM L X® GIWXOI
GHWHUPLQDWLRQ RI WKHPLQLPXP UHLQIRUFHPHQW DU
OLPLWUHTXLUHV D QXPHULFDO RULWHUDWLYH SURFHG

7KLY GHSHQGHQF\ EHFRPHVY SDUWLFXODUO\ UHOHYDC
ZKHUH WKH LQWHUQDO IRUFHV YDU\ VSDWLDOO\ DFUF
YHUL;FDWLRQ PXVW EH SHUIRUPHG LQGHSHQGHQWO\ D
DXWRPDWHG LWHUDWLYH DSSURDFK HQDEOHY FRQVLV)
FUDFN ZLGWK UHTXLUHPHQWY ZKLOH HQVXULQJ WKD
UHLQIRUFHPHQW DUHD LV REWDLQHG

W W WECO«R A«e «kAN»™MA™AR R« CA Ae «R™O,R«i1™ @« «,

7KH FUDFN ZLGWK YHUL¢,{FDWLRQ LV HPEHGGHG LQ DQ L\
DOJRULWKP )RUHDFKLQWHJUDWLRQ SRLQW RI WKH )(F
LV

r SHWULHYHWKHVHFWLRQDO JHRPHWU\ PDWHULDO S
SDUDPHWHUV VHUYLFHFODVV(MQGH(ELHQWHUQDO II

s $VVLJQ DQ LQLWLDO UHA.Q RRMW HPRZHW BMKHDID WKH Pl
UHLQIRUFHPHQW UHTXLUHG E\ (XURFRGH s &ODXVH z

t &RPSXWH WKH QHXWUDO D[LV GHSWK PD[LPXP VWHH
DUHD PHDQ VWUDLQ GLcHUHQFH PD[LPXP FUDFN VSI



u (YDOXDWHWKHFUDFNWLEGEWK FRQGLWLRQ
vV ,IWKHFRQGLWLRQ LV QRWAY DW GMpHISH D @ APUKIHP HQOWV- XODW LR

7KHLWHUDWLRQ FRQWLQXHV XQWLO FRQYHUJHQFH

Asunt 676 KBMs Wi(As) WourAs Askem t sv

7TKHFRUUHVSRQGLQJ3\WKRQ FDOO LV

*H+mH iBQM_2bmHinaGa 4 rnFn 2BM7n 2+in+ Qbbnb2+iBQMU

Jnl/naGa4Jnl/naGa-

Lnl/naGa4d4Lnl/naGa-

bT +BM;4KBMnbT +BM;-

HQ /n/m” iBQM4HQ /n/m” iBQM-

+QM+°2i2n+Qp2 4+-

T?Bn2[4T?Bn2][-

# "bn#QM/nT QT4# bn#QM/nT QT2 iB2b-

/InK BMn2ti2 M Hn# "b4/-

"2BM7n 2+in+ Qbbnb2+iBQM4+ Qbbnb2+iBQMnBM+HM/BM;n b
Vv

W WHMLe™hZ @™e USU O™ «ACCOe™MA™AR «e™A A

7KH SURFHGXUH LV DSSOLHG LQGHSHQGHQWO\DW HDFK LQWH.
PHVK 7KLV QRGH E\ QRGHDSSURDFK FDSWXUHV WKH IXOO VSD
ZLGWK GHPDQG XQOLNHWUDGLWLRQDO VWULS EDVHG PHWKR

7TKHUHVXOWLQJ6/6 UHLQIRUFHPHQW UHTXLUHPHQWY DUH VW
ORQIJLWXGLQDODQG WUDQVYHUVH GLUHFWLRQV "HSHQGLQJF
JRYHUQLQIJWHQVLOHUHLQIRUFHPHQWDW HDFKQRGHPD\EH W
WKH8/6 DQG 6/6 UHTXLUHPHQWYV

AsunT K t(Asunt 8MsunT bis t sw

7TKHFRPSXWHG UHLQIRUFHPHQW (¢ HOGV IRUP WKHEDVLVIRUL
HQYHORSHJHQHUDWLRQ DQGDXWRPDWHG VODE GHVLJQ SURF

W W»«e B«CACEN™MOECCOA™. »ed» BR«CAQD

%HIRUH DSSO\LQJ WKH GHYHORSHG IUDPHZRUN WR IXOO VFL
ZDV HVVHQWLDO WR YDOLGDWH WKH FRUUHFWQHVV RI DOO (X
LPSOHPHQWHG 7KLVYDOLGDWLRQVWHSHQVXUHG WKDW WKH{
E\ WKH 3\WKRQ SURJUDP ZHUH FRQVLVWHQW ZLWK HVWDEOLVE
DOQGPDQXDO GHVLIQ FKHFENYV

6LQFH WKH FDVH VWXG\KDG RULJLQDOO\EHHQ SHUIRUPHG X
WKHDYDLODEOHUHIHUHQFHUHVXOWVY FRUUHVSRQGHG RQO\W



WKH VODE WKH VHFRQG DQG WKLUWHHQWK KRUL]JRQW
ORQIJLWXGLQDO UHLQIRUFHPHQW OLQHYV DQG WKH WZI
UHSUHVHQWLQJ WKH WUDQVYHUVH UHLQIRUFHPHQW O
REWDLQHG IURP WKH RULJLQDO FDVHVWXG\UHSRUW ZH
ZLWK WKH FRUUHVSRQGLQJ UHVXOWY JHQHUDWHG E\ W
VDPH URZV

W WA« " CO,£™ A+8 N8™AER" ,»+a»,R«CAQD

"« I™MAN, O AMR™MODP eCOc«cAERC R ™ ¢ F™ FRAOH
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fue 500
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5=10 QR WUDQVYHU;VIZ"IA%%H!/:VXU}QOO XWLOL]DWLRQ

s;prov



UR™N Y ™M@«EA Ae"CO,E™M 8™MAER"

la= 1 2 3 4 5 lbrgd — =1:0 526 KK 1.0 =526 KK

UR™N Y 8 N8™MAER" ¢CO 8,NN™. O@
$FFRUGLQJWR 66 (1rzzsrry xt
6:1:4

lo= 6 lpa=21:4 526 736KK IXOODQFKRUDJH

UR™N Y Q™eAe™e URO™P DB Ru«»«@,B«CAIDNRBR«CA,» ™MP«EA opac

JRUFDVHV ZLWK SDUWLDO EQ%W#NDL?@L]DWLRQ DVVXPH

s,prov

7
Ib;rqd = Z sdf—05 394PP;, ,[q=394 PP, lp=1:4 394 552PP
bd

UR™N Y I1,iCO,Z»™ CA+«B«CADBIDNR«CA,»m
$SSO\LQJ UHGXFWLRQ IDFWRUV IRU FRPSBHEVVRRQ GXULQJ FRC
FRQ ¢ QHPHQW

l,g=1:0 0:7 0:7 1.0 1.0 394 193PP; lp=1:4 193 271PP

UR™N Y NO,*R«e,» MP«EA NNOC,"

?VLQJ VLPSOL¢{¢HG (XURFRGHIRUPXODDQG W\SLFDO WDEXODW!|
ot 07

As,pTov

sd 0.7
f bd

114 4 92 450K K

l«A,» QMMPBa»RQJ

lbg=526 KK NHHS wqqgq PP

lo=450 KK SUDFWLFDOODS OHQJWK

1RWH 7 KH40X®&XKY WKH WDEOH UHSUHVHQWY WKH SUDFWLFD
EDU QXPEHU rw ZLWK vg RI EDUVY ODSSHG DW RQH VHFWLRQ F
VWUHVV XWLOL]DWLRQRIXxq DQGIDYRUDEOH VLWHFRQGLWLR:



Wi«@é,,»«ﬂiB«C\A ,,A- *A,BT","(A)N(A)TMB,B«CA R"OCaE" (
Q™M«ACCO*™MA™MAR UCA«AE

7KH FRPSXWHG UHLQIRUFHPHQW GLVWULEXWLRQV D
SORWYV DQG ]JRQLQJ GLDJUDPV 7KLV VWHS DOORZV HQ
DUHDV RI WKH VODE DQG DVVHVV UHLQIRUFHPHQW UHT)
FRPELQDWLRQV

W WCARCAO N»CR"™MA™MQO R«CA

7TKH QRGDO UHLQIRUFHPHQW DUHDV FDOFXODWHG IRL
XVHG WR JHOQOHUDWH UHLQIRUFHPHQW HQYHORSHV XQ(
7TKHVH HQYHORSHV UHSUHVHQW WKH JRYHUQLQJ UHLQI
GLUHFWLRQV 7KHUHLQIRUFHPHQW GLVWULEXWLRQ DF
S\WWKRONMVHQiI®WBEUDU\ DVLOOXVWUDWHG LQ WKHIROOR

W W*WNAaARD ,Ae 1aAR«CAUEA ,RAO™
7TKH SORWWLQJIXQFWLRQ UHFHLYHV WKUHHLQSXWYV

$$ OLVWh RI2iISQBRIEMHFWY FRQWDLQL®JyFRRGSLQD!
UHLQIRUFHPHRW®TH®WViiQK

I1$ WLWOHVWULQJIRUODEHOLQJ WKH SORW

IT7KH VODEaBLBH T2 RAABT2hvT2X"QVISHFLIN\LQJ ZKLFK OC
RIUHLQIRUFHPHQW WR YLVXDOL]H

W W WO, R«AE C(;C)-«A,BTMQ A QTM<<A¢QC)°TMATMAB i,»am™

7KH IXQFWLRQ H[WU R MW\ PRRIUGRGD W H VY TUR B Q\BMH
REMHFWY ,W DOVR VHOHFWY WKH UHLQIRUFHPHQW YD«
VODEVLGH $FKHFNHQVXUHV WKDW DOO UHLQIRUFHPH

tn#QmM/ v 4 (BTXt 7Q° BT BM bnHBbI)
vn#QmM/ v 4 (BTXv 7Q BT BM bnHBDbI)
b 4 UBTX bniQT 7Q° BT BM bnHBDbI)

B7 bB/2 Bb aB/2hvT2XhQT

2Hb2 (BTX bn#QiiQK 7Q° BT BM bnHBbi)V

W W @™ R«AE QT""Eé.»,O "O«e

TR SURGXFH VPRRWK FRQWRXU SORWYV WKH VFDWWHUH
ROQOWR D UHJXODUJULG

tn; B/ 4 MTXHBMbT +2UKBMUtn#QmM/ "vV- K tUtn#QmM/
vn; B/ 4 MTXHBMbT +2UKBMUvn#QmM/ "vV- K tUvn#QmM/
s- u4 MTXK2b?; B/Utn; B/- vn; B/V



7KLV JULG SURYLGHV D VWUXFWXUHG PHVKRYHU WKH VODE QH
DQG FRQWRXU SORWWLQJ

W W*WR™MONC», R«kAE QM«ACCO™MA™MAR |, »a™Q@

7TKHUHLQIRUFHPHQW YDOXHYVY DW WKH LQWHJUDWLRQ SRLQWYV
UHJXODUJULG XVLQJOLQHDU LQWHUSRODWLRQ

w 4 ;"B// i UTQBMib4Utn#QmM/ "v- vn#QmM/ "vV-
p Hm2b4 b-
tB4Us- uV-
K2i?Q/4"HBM2 "~V

w4 MTX+HBTU 4w- nKBM4LQM2- nK t4K tU bVV

TKIMTX+HBQFWLRQ HQVXUHV WKDW WKH LQWHUSRODWHG UHL
HI[FHHG WKH PD[LPXP YDOXHLQ WKHGDWDVHW DYRLGLQJDUW:!

W WNMCRRB«AER™™ CARCAO0

TKHLQWHUSRODWHG UHLQIRUFHPHQW GLVWULEXWLRQ LV YLV
DQRGRYHUOD\HG FRQWRXU OLQHYV

H2p2Hb 4 MTXHBMbT +2Uy- K tU bV- RyV
+QMiQm 7 4 THIiX+QMiQm 7Us- u- w-
H2p2Hb4H2p2Hb-
+K T4~ JuH"m"V
+QMIiQm 4 THiIX+QMiQm Us- u- w-
H2p2Hb4H2p2HDb-
+QHQ b4rFA-
HBM2rB/i?b4yX8V
THiX+H #2HU+QMiQm - BMHBM24h m2- 7QMibBx243V
+# > 4 THiX+QHQ # "U+QMiQm’ 7V
+# "Xb2inH #2HU”A _2[mB 2/ 2BM7Q +2K2Mi "2 UKK-fKVA-
"Qi iBQM4NYy-
H #2HT /4R8V

+QMiQmMUHDWHY FRORU FRGHG UHJLRQV UHSUHVHQWLQJ GLc

OHYH®OQAMIRYHUOD\V OLQHV RQ WRS RI WKHVH UHJLRQV IRU FO
EDUDOORZVLQWHUSUHWDWLRQ RIKKILQIRUFHPHQW PDJQLW X«

W WNEONCZ™ A« *AR™MONO ™R, R«CA
7KLV YLVXDOL]DWLRQ SURYLGHYV

$1$QLQWXLWLYH XQGHUVWDQGLQJRIUHLQIRUFHPHQW LQWH{(
$1 GHQWL:FDWLRQRIKRW VSRWVDQG XQGHU UHLQIRUFHG |R



16 XSSRUW IRU RSWLPL]DWLRQ E\ KLIKOLJKWLQJ DUHI
EHUHGXFHG

JLIXUH t u VKRZVY DQ H[DPSOH RI WKH UHLQIRUFHPHC
ORQJLWXGLQDO WRS OD\HU XQGHU 8/6 ORDG FRPELQ
UHLQIRUFHPHQW FRUUHVSRQGY WR DUHDV RI KLJKHU
LQGLFDWH WKH VSDWLDO YDULDWLRQRIUHLQIRUFHPHC

JLIXUH tu BS5HTXLUHG UHLQIRUFHPHQW IRU WKH HQYHORSH RI
FRPELQDWLRQYV

W We »<AEX *ABTMONOTMB,B«QAX VA UQA«A£ N()Q'TM@@
W WUW,»«AE

7RIDFLOLWDWH SUDFWLFDO GHWDLOLQJ WKHVODE LV \
OLQHV DW UHJXODU LQWHUYDOV FUHDWLQJ D VSDWLE
GHVLJQHULQ GHWHUPLQLQJKRZIDUUHLQIRUFHPHQW V
ERWK KRULJRQWDOO\DQG YHUWLFDOO\

,Q WKLV VWXG\ D VSDFLQJ RI vggq PP EHWZHHQ DGMDF
KRZHYHU WKLV YDOXH FDQ EH DGMXVWHG GHSHQGLQJ
SUHFLVLRQ DQG WKH GHVLJQHUYJV LQWHQW (DFK UHVX
RI'WKHVODE ZKHUH UHLQIRUFHPHQW GHPDQG LV FRQVL!



'LWKLQ HDFK ]JRQH WKH PD[LPXP UHTXLUHG UHLQIRUFHPHQW °
UHSUHVHQWDWLYHIRUGHWDLOLQJSXUSRVHV HQVXULQJERW

W WR™MONO™R,B«CA

$Q LPSRUWDQW RXWFRPH RI FUHDWLQJ WKH FRQWRXU SORWYV
LGHQWLI\UHJLRQV RI KLIJIK UHLQIRUFHPHQW GHPDQG UHIHUU
3 +RW 6SRWV" 7KHVH DUH ORFDO DUHDV FRUUHVSRQGLQJ WR ¢
ZKHUH DGGLWLRQDO UHLQIRUFHPHQW LV UHTXLUHG WR VDWL
8/6 FRQGLWLRQV )LIXUHt vLOOXVWUDWHY HIDPSOHV RI VXFI
VODE

JLIXUH t v ([DPSOH RI LGHQWL¢HG 3+RW 6SRW’ DUHDV IRU WKH HQYHORSE
UHLQIRUFHPHQW

7TKH FRQWRXU SORWYVY DOVR KLJKOLJKW DUHDV ZLWK UHODW
GHPDQG ,Q WKHVH DUHDV UHLQIRUFHPHQW FDQ EH UHGXFHC
OHYHOV2WKRXJK QHYHU EHORZ WKH PLQLPXP UHLQIRUFHP
(XURFRGH s WR HQVXUH DGHTXDWH FUDFN FRQWURO DQG GX
DOORZVWKHGHVLIQHUWRRSWLPL]HPDWHULDO XVHZKLOHPD
VHUYLFHDELOLW\

W WWEAAENOC-™MP3P *»»a@RO,R«CA

$ SUDFWLFDO UHFRPPHQGDWLRQLVWR S SURYLGHD XQLIRUP UH
DPRXQW WKURXJKRXW WKH VODE QRW OHVV WKDQ WKH PL



(XURFRGH s DQG WKHQ ORFDOO\ VWUHQJIJWKHQ RQO\ W
VXSSOHPHQWDU\EDUV 7KLVGHVLIJIQ SKLORVRSK\HQVX!
ZKHUH LW LV PRVW HCHFWLYH ZKLOH VLPSOLI\LQJ GHW I
SURFHVV LV DSSOLHG LQGHSHQGHQWO\LQ ERWK RUWK
DQG WUDQVYHUVDO?2DQG IRU ERWK WRS DQG ERWWRP
UHVXOWLQJ UHLQIRUFHPHQW PDSV DUH YLVXDOL]HG XV
LOQWXLWLYH XQGHUVWDQGLQJ RI UHLQIRUFHPHQW GLV
VXUIDFH

7KH JRQLQJ SURFHVV QRW RQO\ KHOSV LQ LGHQWL
UHLQIRUFHPHQW GHPDQG EXWDOVR SURYLGHV DUDWLI
FRQWLQXDWLRQ $V LOOXVWUDWHG LQ )LIXUH t w WKI]
DUHDVUHSUHVHQWWKHUHIJLRQV ZLWK WKHKLJKHVW UF
DV+RWG6SRWV WRIJHWKHU ZLWK WKHLU LPPHGLDWH VXI
UHLQIRUFHPHQW YDOXHV DUHFORVHWR WKHPD[LPXP 7
WR EH SUDFWLFDO IRUUHLQIRUFHPHQW FXWWLQJDQG S
WKHUHLQIRUFHPHQW EDUV DUHDUUDQJHG XQLIRUPO\ Z

7KH EOXH SDUDOOHORJUDP VKDSHG JRQHV FRUUHYVSE
UHLQIRUFHPHQW GHPDQG 7KHVHUHIJLRQV UHTXLUH VO
WKH+RW6SRWY EXWDUHVWLOODERYHWKHJHQHUDOU
WKHUHLQIRUFHPHQWFDQEHUHGXFHG E\HLWKHULQFUF
RUE\RPLWWLQJ VHOHFWHG EDUV GHSHQGLQJRQ WKH
SHUIRUPDQFH DQG FRQVWUXFWDELOLW\FRQVLGHUDW|

7KH JUHHQ SDUDOOHORJUDP VKDSHG JRQHV LQGLFD
ZKHUH WKH UHLQIRUFHPHQW PXVW FRQWLQXH EH\RQG
RI PD[LPXP VWUHVY WR DFKLHYH VXdFLHQW DQFKRUDJI
WUDQVIHU 7KLV HQVXUHV WKDW WKHUHLQIRUFHPHQW
DQGSURYLGHVGXFWLOHEHKDYLRULQDFFRUGDQFHZLV
FRQVLGHUHG SORW LV IRUWKH ORQJLWXGLQDO UHLQIR
OHQIWKH[WHQGV WKHEDUVLQWKHVDPHGLUHFWLRQ 7
DQG LWV DSSOLFDWLRQLQ WKLV SURMHFW ZLOO EH GHYV
FKDSWHU ZKHUH WKHFDVHVWXG\DQG UHLQIRUFHPHQV

)LRQDOO\ WKHUHPDLQLQJOLJKWEOXHUHJLRQVUHSUF
WKHUHLQIRUFHPHQW GHPDQG LV ORZHVW &RQVLGHULC
JHRPHWU\ WKHVH DUHDV DUH UHLQIRUFHG ZLWK D XQ
RI616/ m ZKLFK VDWLV¢{HV WKH PLQLPXP UHLQIRUFHPH
(XURFRGH s IRUFUDFN FRQWURO DQG GXFWLOLW\ $GGlL
ZLWKLQ WKH\HOORZDQG EOXH]RQHV WR ORFDOO\ VWU
WKHVWUXFWXUDO GHPDQGV LGHQWL¢{¢HG E\WKH DQDO\\

7KHVH YLVXDOL]DWLRQV VXSSRUW HdFLHQW HQJLQH!
GHVLJQHU WR TXLFNO\ ORFDWH FULWLFDO UHJLRQV H
FRQ¢UP FRPSOLDQFH ZLWK (XURFRGH s UHTXLUHPHQW
FRQGLWLRQV



JLIXUHt w ([DPSOHRIVODE]JRQLQJDQG UHLQIRUFHPHQW UHJLRQV
<HOORZDUHDV LQGLFDWH WKH +RW6SRWV ZLWK WKHKLIJKHVW UHLQIRUFHP
EOXH SDUDOOHORJUDPVY PDUNWKHVHFRQGDU\UHLQIRUFHPHQW JRQHV
JUHHQ UHJLRQV GHQRWH WKHDQFKRUDJH DUHDV

DQG WKHOLJKWEOXHEDFNJURXQG UHSUHVHQWY WKH UHJLRQV ZLWK PLQLF



WU«AN»«¢«-,B«CAQ

TKHGHYHORSHG FRPSXWDWLRQDOIUDPHZRUN SURY L(

SURFHVV IRUWKH YHUL{FDWLRQ DQG UHLQIRUFHPHQW
VODEV 7R GH¢{QH WKH VFRSHRI WKLV VWXG\DQG UHGXI
VHYHUDO VLPSOL¢{FDWLRQVKDYHEHHQDGRSWHG 7KHYV

r

1HJOHFW RI 6KHDU 5HLQIRUFHPHQW (cHFWV

7KH LQAXHQFH RI VKHDU UHLQIRUFHPHQW DQG LWV
UHLQIRUFHPHQW KDV QRW EHHQ LQFOXGHG 7KH IUL
WKH HYDOXDWLRQ RI EHQGLQJ UHLQIRUFHPHQW DQ
GLUHFWLRQV LQ DFFRUGDQFH ZLWK (XURFRGH s SU
,QFOXVLRQ Rl VKHDU UHLQIRUFHPHQW GHVLJQ DV
DQG z t Rl (XURFRGH s ZRXOG EH QHFHVVDU\ IRU D
YHUL¢({FDWLRQRIVODE FDSDFLW)\

'LUHFW 8VHRI)(0ORPHQWYV :LWKRXW 6WUHVV 5HGLVV
7KH PRPHQW ¢HOGV REWDLQHG IURP )(0 DQDO\VLV
LQ UHLQIRUFHPHQW FDOFXODWLRQV ZLWKRXW DQ\
(XURFRGH s &ODXVH vv SHUPLWV OLPLWHG PRPF
UHAHFW QRQOLQHDU PDWHULDO EHKDYLRU RPLWWL
SURFHGXUH DQG UHVXOWV LQ VOLJKWO\FRQVHUYDV
UHJLRQV

&RQVWDQW %DU 'LDPHWHUV $FURVV WKH 60DE
8QLIRUPEDUGLDPHWHUVDUHDVVXPHGIRUWKHWRS
OD\HUV 2QHEDUVL]HLVGH¢QHGIRUWKHWRS OD\HU
ERWK XVHU VSHFL¢HG 7KLV DVVXPSWLRQ VLPSOLY|
WKRXJK LW PD\ OHDG WR PLQRU RYHUGHVLJQ LQ DU
GHPDQG $ YDULDEOH EDU VL]H VWUDWHJI\ FRXOG |
HdFLHQF\

S3DUWLDO 4RQVLGHUDWLRQ RI&RQVWUXFWLRQ '"HWD!|
'"HWDLOLQJ UHTXLUHPHQWY VXFK DV DQFKRUDJH O
WKH UHLQIRUFHPHQW GHVLIJQHG ZLWKLQ WKLV IUD
WKH FDOFXODWLRQ RI UHLQIRUFHPHQW ZHLJKW  +1
RULIJILODWLQJIURPDGMDFHQW VWUXFWXUDOHOHPH(
PHPEHUV2ZDV QRWLQFOXGHG $FFRUGLQJWR (XURFI
GHWDLOLQJLVY HVVHQWLDO WR HQVXUH IRUFH WUDQ
DQG VODEHGJHV EXWH[WHUQDOO\DQFKRUHG EDUV
ZHLIKWDVVHVVPHQW

$GGLWLRQDOO\ (XURFRGHS &0ODXVHVz sr uDQGz t
UHLQIRUFHPHQW LQ UHJLRQV VXEMHFW WR KLJK ORF
VXFK DV

f$UHDV QHDU FRQFHQWUDWHG RU SRLQW ORDGYV

f&RUQHUV DQG VODE RSHQLQJV

f6XSSRUWV DQG UH HQWUDQW FRUQHUV ZKHUH QH



F5SHILRQV DURXQG FROXPQV RU ZDOOV ZKHUH SXQFKLQJ F
PD\FRQWURO WKHGHVLJQ

7KHVH ORFDOL]HG UHLQIRUFHPHQW UHTXLUHPHQWYV DUH
LQFOXGHG LQ WKH IUDPHZRUN DQG VKRXOG EH PDQXDOO\
QDO GHWDLOLQJ

v 'HAHFWLRQ &RQWURO 1RW $VVHVVHG
'HAHFWLRQ YHUL{FDWLRQ KDV EHHQ H[FOXGHG IURP WKLYV
(XURFRGH s &ODXVH x u VHUYLFHDELOLW\ FKHFNV IRU GH?Z
WR OLPLW ORQJ WHUP GHIRUPDWLRQV 2PLWWLQJGHAHFWIL
FRPSXWDWLRQDO HCcRUWDQGDOLJQV ZLWK WKHGH¢{QHG VF

wlHJOHFWRI7RUVLRQDO (cHFWYV
7TRUVLRQDO PRPHQWV REWDLQHG IURP )(0O DQDO\VLV DU
VLPSOLI\ WKH PRGHOLQJ $FFRUGLQJ WR 7UD¢(NYHUNHWY
759,1)5% qgqssx 6HFWLRQ Xx s utrs 36QHGYLQNOLJDUPHULC
ZLWK DQJOHG UHLQIRUFHPHQW PHVKHV VKRXOG LQFOXGH
LOQWHUQDO IRUFHVY WR WKH SULQFLSDO PRPHQW GLUHFWLF
WRUVLRQ :KLOHWRUVLRQLVQHJOHFWHG KHUH LW VKRXOC
UHJXODWLRQ FRPSOLDQW GHVLIJQV ZLWK VNHZHG UHLQIRUT

7TKHVH VLPSOL¢{¢FDWLRQV GH¢{QH WKH VFRSH RI WKH FRPSXYV
HQVXULQJ HAFLHQW DXWRPDWHG DQDO\VLV ZKLOH KLIJKOLJKW
YHUL,;FDWLRQRUDGGLWLRQDO GHWDLOLQJPD\EHUHTXLUHG |



7KLY SDIJHLQWHQWLRQDOO\OHIW EODQN



O™ UR&a-o

W @™ ™MFeOQ«NR«CAi O«eE™ >CW h h 1NCO@", £,m

7KLV FDVH VWXG\IRFXVHV RQD UHLQIRUFHG FRQFUHWH EULC
IRUD %ULGJH ORFDWHG DSSUR[LPDWHO\ s s NLORPHWHUYV V
6ZHGHQ 7KH EULGJH FDUULHV D SHGHVWULDQ DQG ELF\FOH
ZDV VHOHFWHG EHFDXVH LW SURYLGHYVY DFFHVV WR YHUL¢HG
DQG FRPSOHWH )(0 DQDO\VLY UHVXOWY 7KH DQDO\VLV DQG G
ZHUH RULJLQDOO\ SHUIRUPHG XVLQJ WKH FRPPHUFLDO ¢£QL\
%5,*$'"( 30XV 7KHLQWHUQDO IRUFHVY UHOHYDQW WR WKH GHF
IURP WKLV PRGHO DQG XVHG DV WKH EDVLV IRU WKH SRVW
FRQGXFWHG LQ WKLV WKHVLV )LIXUHur SURYLGHV DQ RYHUY
LOOXVWUDWLQJ WKH ORFDWLRQ RI WKHVODELQ UHODWLRQ W
ZKLOH )LIJXUHu s VKRZV WKHFRUUHVSRQGLQJFURVYVY VHFWLRC

JLIXUHu r /RFDWLRQ RIWKH VODE XQGHU WKH URDG

7KLV FDVH VWXG\ DLPV WR GHPRQVWUDWH WKH DSSOLFDW
3\WKRQ EDVHG SRVW SURFHVVLQJWRROWRDUHDOHQJLQHHU
LVWR YHULI\ ERWK 8OWLPDWHDQG 6HUYLFHDELOLW\ /LPLW 6V
WR SURGXFH D FRPSOHWH UHLQIRUFHPHQW GHPDQG PDS DFFR
XVLQIWKHGHYHORSHG FRPSXWDWLRQDO IUDPHZRUN

7R SURYLGH D FOHDU XQGHUVWDQGLQJ RI WKH DQDO\]HG V!
JLIXUH uu DQG )LIXUH u v LOOXVWUDWH WKH ¢ QLWH HOHPHC
VWXGLHG EULGJH DVPRGHOHGLQ %5,*$'( 30XV



JLIXUHu s &URVV VHFWLRQ RI WKHVWUXFWXUH

7KH VHOHFWHG FRPSRQHQW IRU DQDO\VLV LV WKH
UHLQIRUFHG FRQFUHWHER[VHFWLRQ ZKLFKIRUPV WKH
WKHURDGZD\ 7KLVVODEFDUULHVWKHDSSOLHGWUDdF
ORQIJLWXGLQDO JLUGHUV DQG WUDQVYHUVH GLDSKUDJ
WKH HQWLUH EULGJH VWUXFWXUH EXW RQO\ WKH XSS
GHWDLOHG SRVW SURFHVVLQJ XVLQIJWKHGHYHORSHG !

JLIXUH u t VKRZV D WKUHH GLPHQVLRQDO YLHZ RI WK
KLIKOLJKWLQJ WKH VWUXFWXUDO OD\RXWDQG VXSSRU!'
WKH WRS SODQ YLHZ RI WKH GHFN VODE )LJXUHu v GLYV
WKURXJKWKHER[JLUGHU HPSKDVL]LQJWKHSRVLWLRQ
FRQVWLWXWHYV WKHIRFXV RI WKLV WKHVLYV



JLIXUHu t 7KUHH GLPHQVLRQDO YLHZRIWKH)(0OPRGHO RIWKH EULGJH L

J)LIXUHu u 30DQYLHZRIWKHGHFNVODELQGLFDWLQJWKHDUHDDQDO



JLIXUHu v 7\SLFDO FURVV VHFWLRQ RIWKHEULGJHVKRZLQJW

w*ANaR B, I"™MCA™MROOX =,R™MQO«,»@BX8C,*@BX CaA-,

7KH )(0 DQDO\VLV IURP %5,*$'( 30XV SURYLGHG WKH Q
DQG ORDGLQJ LQIRUPDWLRQ 7KH VODE GHFN ZDV PRG
ZLWKDSSURSULDWH VXSSRUWDQG ERXQGDU\FRQGLWL
EHKDYLRU 7KH JHQHUDO SDUDPHWHUY GHVFULEHG LC
XVHG

W WMCA™MROO6

7KH EULGJH LY FRQVWUXFWHG DV D FORVHG UHLQIRUFF
JHRPHWULF SURSHUWLHV DUH GRFXPHQWHG LQ WKH RL
7TDEOHur 7KHEULGJH KDV D VNHZ DIQ JOHORDI VDISYSH R/[R. I
DEXWPHQWY DV VSHFL{HGLQ WKHRULIJLQDO GHVLJQ G

7TDEOHur %ULGJH *HRPHWULF3DUDPHWHUV IURP 'HVLJQ 'R

3DUDPHWHU 9DOXH

%ULGJH 7\SH &ORVHG UHLQIRUFHG FRQFUHWH VC
TKHRUHWLFDO 6S1B®

6\VWHP 6SDQ 47 K

JUHH :LGWK 105 K

'"HEN 7KLFNQHVV 0:50 K
$SEXWPHQW +HLJKW K

%RWWRP 60DE 'LRSKVLRKQ V1122 K
6NHZ $QJOH 12

W W, RB™MO«,» NOCN™MOR«™@

7KH PDWHULDO SURSHUWLHYV XVHG LQ WKH RULJLQDO
FRPSXWDWLRQDODQDO\VLY DV SUHVHQWHGLQ 7DEOH



7TDEOHu s ODWHULDO 3URSHUWLHV IURP 2ULJLQDO '"HVLJQ

ODWHULDO BURSHUW\ 9DOXH

&KDUDFWHULV#DF VWBBHIGI W K
OHDQ FRPSUHV VLYV WUIQJIWK
ERQFUHWH &tV UV G pywWLFLWERBGXOXV34:S

B8QLW ZHLJKW 25 FL K3

<LHOG VWWHQJIWK 500J S
SHLQIRUFHPHQW WY §&Q7VWEHQJIWK 4353S
(ODVWLFLW(ERRGXOXV200:S

W WBC,e«Af CA+«R«CAQD

7TKHORDGFDVHVDQG FRPELQDWLRQVIURPWKHRULJLQDO GHV!
7TDEOH U t

7TDEOHu t /RDGLQJ&RQGLWLRQVIURP2ULJLQDO 'HVLJQ

/IRDG 7\SH 9DOXH

SHUPDQHQW /RDGV

&RQFUHWH VHOI ZHLJI®WL K3
SRDG VXUIDFLQJ 240 FL K?
*& SDWK VXUIDFLQJ 180FLK?

7UDdF /RDGV /Or

$[OH OR®QA r 300 F L
$[OH OR®QG s 200 F L
'LVWULEX\\)G ORDG 9 FL K2

(QYLURQPHQWDO /RDGYV
OD[LPXP WHP S KRV X 86H *
OLQLPXP WHP S(dhi W X BB *
SHIHUHQFH ZL(@)G VSHBMX bl

W WCaA+, 006 CA«R«CA®@

7TKH IRXQGDWLRQ DQG VXSSRUW FRQGLWLRQV IURP WKH RULJ
FRQVLGHUHG DV SUHVHQWHG LQ 7DEOH u u

7TDEOHU u %RXQGDU\&RQGLWLRQVIURP 2ULJLQDO 'HVLJQ

SDUDPHWHU 9DOXH

JRXQGDWLRQ 7\SH 6KDOORZ IRXQGDWLRQ RQ URFN
9HUWLFDO 6SUI(KQ) 6260 76QRH WK

+RULJRQWDO 6SULQABVELKIHVV

6DIHW\ &0ODVV s

'"HVLJIQ /LIH 120v2 “brqq

7TKH LQSXW GDWD SUHVHQWHG LQ 7DEOH uu ZHUH H[WUDHI
WKH RULJLQDO EULGJH GHVLIJQ GRFXPHQWDWLRQ DQG VXEVF



SDUDPHWHUYV IRU WKH FRPSXWDWLRQDO IUDPHZRUN G|
PDWHULDO SURSHUWLHV XVHGLQWKHQHZPHWKRG UHALI
HPSOR\HG LQ WKHFRQVWUXFWLRQRI %ULGJH 1R rqqg su
EDVLVIRUYDOLGDWLQJWKHFRPSXWDWLRQDO PHWKRG
DSSURDFKHYV

W 3, CA]TMC)Q<<(;A ,A' iTMC)<<¢<<°,B<<(;A

7KH GDWD H[FKDQJH EHWZHHQ WKH )(0 PRGHO D(
FRPSXWDWLRQDO WRRO IRUPV D NH\ VWHS LQ WKH SUF
RXWOLQHG LQ &KDSWHU t WKH LQWHUQDO IRUFHV RE
ZHUH H[SRUWHG DV ([FHO ¢ OHV FRQWDLQLQJ QRGDO FR
%HQGLQJPRPHQWV DQG $[LDOIRUFHV IRUHDFK ORDG |

6LQFH DFFXUDWH LQSXW GDWD LV FUXFLDO IRU UH(¢
WKRURXJK YDOLGDWLRQ Rl WKH FRQYHUWHG GDWD ZI
PRPHQWY DQG D[LDO IRUFHV H[WUDFWHG IURP WKH ) (¢
DIJDLQVW WKH FDVH VWXG\UHSRUW WR YHULI\FRQVLVW|
FRPSOHWHFRUUHVSRQGHQFHEHWZHHQ WKH WZR GDWD

7R LOOXVWUDWH WKLV YHUL,{FDWLRQ VWHS WZR UH
SUHVHQWHG )LJXUHu v GLVSOD\V WKHLQWHUQDO IRU
ORDG FRPELQDWLRQV DW WKH VHFRQG URZ RI QRGHYV
WDNHQ GLUHFWO\ IURP WKH UHIHUHQFH GHVLJQ UHSRU
HIWUDFWHG IURP %5,*$'(30XVDQG SURFHVVHG E\ WKH 3

6LPLODUO\ )LIXUH uw SUHVHQWY WKH UHVXOWYV IRL
DW WKH VDPH URZ RI QRGHV DJDLQ FRPSDULQJ WKH U]
HI WUDFWHG DQG XVHG E\ WKH DXWRPDWHG IUDPHZRU|
EHWZHHQ WKH WZR GDWDVHWY YDOLGDWHYV WKH FRUU
URXWLQHDQG FRQ,;UPV WKHUHOLDELOLW\RIWKH DXWHF

+RZHYHU VLQFH WKH DYDLODEOH GHVLJQ UHSRUW F
UHVXOWY DORQJ VSHFL¢F URZV RI WKH )(0 PHVK2QDPF
KRULIRQWDO URZVDQG WKHsrVW YHUWLFDO URZ RI QRGC
FRPSDULVRQDFURVV WKHHQWLUHVODEVXUIDFH ZDV Q|
WKHDFFXUDF\RIWKHJOREDO GDWDLQWHUSUHWDWLRC
FRQWRXU SORWV RI EHQGLQJ PRPHQWV IURP %5,*$"'( 30
IURP WKHWUDQVODWHG -621 ¢OHV ZDV FDUULHG RXW

JLIXUHV u wDQG u Xx SUHVHQW WKH UHVXOWYV IRU ERW
WUDQVYHUVDO 8/6 PD[LPXP ORDG FRPELQDWLRQV UHV.
OHIW LPDJH UHSUHVHQWY WKH %5,*$'( 30XV FRQWRXU &
VKRZV WKHFRUUHVSRQGLQJSORWJIJHQHUDWHGIURP WK
S\WKRQIUDPHZRUN 7KHVWURQJYLVXDOFRUUHODWLRC
WKH WUDQVODWLRQ SUHVHUYHG ERWK PDIJQLWXGH DQC
UHVXOWYV

7KLY JUDSKLFDO FRPSDULVRQ SURYLGHV D UHOLD
YHUL{FDWLRQ RI WKH LQSXW GDWDVHW HQVXULQJ W



7DEOHuUu v &RUUHVSRQGLQJ8/6 ORDG FRPELQDWLRQ GDWD

&DVHt 8/6 DRFKEVNs '$t (QYHORSH O0OD[ '"HVLJQORPHQW IRU/RQJLWXGLQD!
050 N1P P

&DVHu 8/6 D RFKE VNs '$t (QYHORSH OD[ 'HVLJQ )RUFH IRU/RQJLWXGLQD(
150 N1 P DVVRFLDWHG WR '"HVLIJQ ORPHQW IRU/RQJLWXGLQDOS5HLQIRUFHF
&DVHv 8/6 DRFKEVNs '$t (QYHORSH OLQ 'HVLIQORPHQWIRU/RQJLWXGLQTEL
050 N1P P

&DVHw 8/6 D RFK E VNs '$t (QYHORSH 0OLQ 'HVLJQ )RUFHIRU/RQJLWXGLQEL
150 N1 P DVVRFLDWHG WR 'HVLIJQ ORPHQW IRU/RQJLWXGLQDOS5HLQIRUFHF



7DEOHuUu w &RUUHVSRQGLQJ6/6 ORDG FRPELQDWLRQ C

&DVHr 6/6 4XDVL SHUPDQHQW OD[ 'HVLJQ ORPHQW IRU /RQJLWXC
N1P P

&DVH s 6/6 4XDVL SHUPDQHQW O0OLQ 'HVLJQ ORPHQW IRU /RQJLWX
N1P P

&DVH x 6/6 4XDVL SHUPDQHQW OD[ 'HVLJQ )RUFH IRU /RQJLW X
N1 P DVVRFLDWHG WR 'HVLIJQ ORPHQW IRU/RQJLWXGLQDO 5HLQIRI
&DVHyYy 6/6 4XDVL SHUPDQHQW 0O0LQ 'HVLJQ)RUFHIRU/RQJLWXGLQ
DVVRFLDWHG ZLWK '"HVLJQ ORPHQW IRU/RQJLWXGLQDO 5HLQIRUFH]|



D JURP %5,*$'( 30XV E )URPWUDQVODWHG -621 ¢OH

JLIXUHuUu w &RQWRXU SORWV RIPRPHQWYV DW ORQJLWXGLQDO 6/6 PD[LPXF

IURP %5,*$'( 30XV DUH IDLWKIXOO\ SUHVHUYHG WKURXJK WK
UHDGLQJ SURFHVVHYVY &RQVHTXHQWO\ DOO VXEVHTXHQW UHIL
DQG (XURFRGH EDVHG YHUL,{FDWLRQV FDQ EH FRQ¢{GHQWO\ E|
DFFXUDWHLQSXW GDWD

$GGLWLRQDO ¢(JXUHVDQG SORWV ZLOOEHLQFOXGHG LQ WKH $



D JURP %5,*$'( 30XV E )URPWUDQVODWHG -621 ¢OH

JLIXUHu X &RQWRXU SORWV RIPRPHQWV DW WUDQVYHUVDO 8/6 |

W _8U ,A-UBUQ™@Za»RyY

7TKHGHVLIJQ YHUL,)FDWLRQ SURFHVV FRQVLGHUHG ER\
DQG6HUYLFHDELOLW\/LPLWG6WDWH 6/6 FRQGLWLRQV
JRUHDFK QRGH LQ WKH )(0 PHVK WKH SURJUDP FDOFXO

UHLQIRUFHPHQW DUHD LQ W& B Y/RIQ YWEHAIWIPWOL R QV E D\
RQ

$8/6 EHQGLQJPRPHQWY DQG D[LDO IRUFHV IRUVWUHQ

16/6 EHQGLQJPRPHQWV DQGD[LDOIRUFHVIRUFUDFN I
YHUL{FDWLRQ

7KLV VWDJH YDOLGDWHYV WKH GHVLJQ FRPSXWDWLR
IUDPHZRUN FRQ¢UPLQJ WKDW WKH (XURFRGH EDVHG L
SURGXFH UHVXOWY FRQVLVWHQW ZLWK FRQYHQWLRQD
WKDW WKH LQSXW GDWD IURP %5,*$'( 30XV ZHUH DFFXU
BHFWLRQ Ut WKH QH[W VWHS ZDV WR FRQ¢UP WKDW W
GHPDQGV IRU ERWK 8/6 DQG 6/6 FRQGLWLRQV DOLJQ :
WUDGLWLRQDO GHVLJQ UHSRUW

JLIXUHU Yy SUHVHQWYV WKH FRPSDULVRQRIUHTXLUHG L
ORDG FRPELQDWLRQ DORQJWKHSQG ORQJLWXGLQDO UF
IUDPHZRUNDQG WKH WUDGLWLRQDO UHSRUW $V VKRZC
GLVWULEXWLRQ IROORZV D QHDUO\ LGHQWLFDO SDWMW
DFFXUDWH LQWHUSUHWDWLRQ RI WKH )(0 PRPHQW GDW
(XURFRGH s GHVLJQ HTXDWLRQV



JLIXUHu y &RPSDULVRQ RIUHTXLUHG UHLQIRUFHPHQW DUHDV IRU 8/6 ORD
SQGORQIJLWXGLQDO URZRIQRGHV EHWZHHQ S\WKRQ FRGHUHVXOWV DQG W

6LPLODUO\ )LIJXUH u z VKRZV WKH FRPSDULVRQ IRU 6/6 OR
DORQJ WKH VDPH sQG ORQJLWXGLQDO URZ RI QRGHYV 7KH
RI ERWK PDIJQLWXGH DQG VSDWLDO YDULDWLRQ GHPRQVWU

IUDPHZRUN FRUUHFWO\KDQGOHV VHUYLFHDELOLW\OLPLW VWL
UHLQIRUFHPHQW UHTXLUHG IRUFUDFNFRQWURO

JLIXUHuUu z &RPSDULVRQ RIUHTXLUHG UHLQIRUFHPHQW DUHDV IRU 6/6 ORD
SQGORQIJLWXGLQDO URZRIQRGHV EHWZHHQ 3\WKRQ FRGHUHVXOWV DQG W

JRU WKH WUDQVYHUVDO GLUHFWLRQ )LJXUH urg SUHVHQW
UHLQIRUFHPHQW UHTXLUHPHQWY XQGHU 6/6 ORDG FRPELQD)
WUDQVYHUVDO URZRIQRGHV 7KHPDWFKLQJWUHQGV FRQ¢{UP
GHVLIQHTXDWLRQV ZHUH FRQVLVWHQWO\DSSOLHGLQ ERWKR






