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Disclaimers

This report includes seismic design of high-rise timber building with dual system that
consisting of CLT balloon shear-walls and glulam moment resisting frame elements.
Other analysis models, types and design methods for dual systems are possible,
and they may result in different demands on the building. The connections in this
report were chosen to represent the use of off-the shelf solutions, and other ways
of connection detailing are available. The report has no intention of promoting or
endorsing any particular proprietary connection or building system. The authors
have taken reasonable actions and due diligence to ensure the accuracy of the
information provided in this report; however, THE AUTHORS, UNIVERSITY OF
BRITISH COLUMBIA, OR OTHER CONTRIBUTORS ASSUME NO LIABILITY FOR
ANY DIRECT OR INDIRECT DAMAGE, INJURY, LOSS OR EXPENSE THAT MAY
BE INCURRED OR SUFFERED AS A RESULT OF THE USE OF THIS REPORT
INCLUDING WITHOUT LIMITATION PRODUCTS, BUILDING TECHNIQUES OR
PRACTICES. The authors do not guarantee the completeness of the information
published in this report. Users of this report agree to use the information in this
report (analysis suggestions, design procedures, detailing, etc.) at their own risk.
We will not be liable for any errors, inaccuracies, omissions or damages arising from
the use of the information presented in this report, nor any action taken in reliance
to the presented information. Building science, products and construction practices
change and improve over time and rather than relying on this report, it is advisable to:
(a) regularly consult up-to-date technical publications on products and practices, (b)
seek specific information and professional advice on the use of products mentioned
in this report from manufacturers or suppliers of the products and consultants with
appropriate qualifications and experience, and (c) review and comply with the specific

requirements of the applicable building codes for each construction project.
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RI EHDP FROXPQ FRQQHRGIRHROOHL HW /D8 HW DO

7OXVWRFKRZLF] HWEBPHQWO\ VSHFLDOO\ GHVLJQHG K\EULG
EL OLQHDU PRPHQW URWDWLRQ FXUYH KDYH EHHQ GHYHORS|
WDSSLQJ VFUHZV FRRKQMHAKLIRWY DOQG VWHHO GDPSHUV ZLWHk
LQDNDVKLPD HW DO:LWK WKH LQFUHDVH LQ WKH DYDLODELC
KLJK PRPHQW FDSDFLW\ MRLQWYV WLPEHU EDVHG 05)V FDQ E
LQGHSHQGHQWO\ RU LQ FRPELQDWLRQ ZLWK RWKHUV ,Q W|
*65VDUHXVHGDVDEHDP FROXPQMRLQWVDQGWKHGHWDLO G
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JLIXUH ORGHRIGHIRUFVYWKHRQ EDP@Y DQGE& ' 'XDO VI\VWHP

$QDO\WLV PRGHO W\SHV

7KH DQDO\VLYV DQG GHVLJQ RI 5& ZDOO IUDPH V\VWHP DQG \
WR KRULJRQWDO ORDGLQJ KDV EHHQ(VWIXIGR B EKH[WWDQ YHO
6PLWK DQG &RXOQ IIHUHQW OLQHDU DQG QRQOLQHDU DQDO\\
SURSRVHG DQG XVHG WR DQDO\VLVY WKH WKH GXDO V\VWHP V
PHWKRG &00 DQG ILQLWH HOHPHQW PHWKRG )(0 7KH &00 L
RI DQDO\VLY WKDW SURYLGHV D JRRG DSSUR[LPDWLRQ IRU S
VWUXFWRUWNK DQG &RX@RLY PHWKRG KDV EHHQ DSSOLHG IRU"
RI &/7 FRXSOHG ZDOO V\VWHP DQG SUHRWID®I®DW DDIRRI DBV X OV
7HZHOGHEUKDQ DQG 7HVIKRPOMWWDIPO +RZHYHU LW LV QRWHG
WKH PHWKRG VKRXOG EH DFFRPSDQLHG E\D PRUH DFFXUDWH
RUGHU WR HYDOXDWH WK&PGWX LDQG G RXVAPHWKH RWKHU KD Q
)(0 DUH UHODWLYHO\WKH PRVW DFFXUDWH FRPSOH[DQG FXF
XVHG WR VWXG\ WKH GHWDLO QRQOLQHDU UHVSRQVH RI VWU X
WKHVHPHWKRGYV FB® EW KRXQUEGARX ®POFRUGLQJIO\ LQ WKLV UH S
&00 DQG )(0 DUH XVHG WR GHVLJQ WKH SUHOLPLQDU\JHRPHW U
VIVWHP DQG VWXG\WKH QRQOLQHDU UHVSRQVHV RIWKH VWU X
JURXQG PRWLRQV UHVSHFWLYHO\
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6HLVPLF GHVLJQ PHWKRGYV

JRUFH EDVHG GHVLJQ )%' SHUIRUPDQFH EDVHG GHVLJQ 3
GHVLJQ 5%' PHWKRGV DUH WKH GLITHUHQW GHVLJQ PHWKR
VHLVPLF GHVLJQ RI EXLOGLQJV 7TKH )%' LV SUHGRPLQDQW!
ZRUOGZLGHDQG LW LVEDVHG RQFRQGXFWLQJOLQHDU HODYV
PHWKRG WKHHODVWLF GHVLJQ IRUF Ry IDQUG RIHHGEX FRYWG B QD Vi B
IRUFH UHGXFWLRQ IDFWRUV WR DFFRXQW IRU WKH GXFWLOLW
VWUHQJWK RI WKH V\VWHP UHVSHEWDYHODYW&F DQDO\VLV
HTXLYDOHQW VWDWLF IRUFH SURFHGXUH (6)3 RU WKH UHVS
PHWKRG FDQ EH XVHG 7KH SURSRVLWLRQ RI VHLVPLF PRG
VWUXFWXUDO VI\IVWHP LY QRWDQHDV\WDVN DVH[WHQVLYHH
DUHUHTXLUHG WR HQVXUH WKIDIPODYDDP GIEWD @HKHIVH IDFWRUYV
DFFRXQW IRU XQFHUWDLQW\LQ VHLVPLF PRWLRQ IURP IXWXU
DUH JHQHUDOO\ FRQVHUYDWLYH JXUWKHUPRUH WKH\ DUH
IXQGDPHQWDO SHULRG DQG WKH JHRPHWULFDO FRQILIJXUDYV
VIVWHP WKHUHIRUH OHDGLQJ WR Q% D OVQ]RI KR POWRIW N VG BDDL J
ODPYDWVLNRV HWIRONZLWKVWDQGLQJ WKH VLPSOLFLW\DQG
SUDFWLFH VHYHUDO GLVDGYDQWDJHV KDYH EHHQ LGHQWLI
DVVXPSWLREWWOH\

7KH 3%' HPHUJHG WZR GHFDGHYV DJR DV D FRQVHTXHQFH RI
REVHUYHG GXULQJ WKH 1RUWKULGJH D Q&R WIREHHO O D QHED |
.UDZLQNOHWBRUWHU 7KH 3%'LQYROYHYVY QXPEHU RI UHVSRQ"
FRUUHVSRQGLQJ WR GLITHUHQW KD]DUG OHYHOV DQG DGYR
SURFHGXUHV )LIPUHFW GLVSODFHPHQW E DY¥WHICHE WNOLH\QH W %'C

E KDYHEHHQ SURSRVHGDVDYLDEOH3%' ,Q"'"'%' QRQOLQH
GLUHFWO\DFFRXQWHG IRUWKURXJK XVHRIHIIHFWLYH OLQHD
R16'2) DSSUR[LPDWLRQ RI WKH EXLOGLQJ )XUWKHUPRUH W
GHVLIQUHVSRQVHSDUDPHWHU LV PRUHFRPSDWLEOHZLWK 3¢
HQJLQHHULQJ GHPDQG SDUDPHWHUYV ('3 DUH PRVW FRPPRC(
VHLVPLF SHUIRUPDQFH

'LWKWKHIRUPHUPHWKRGVRIVHLVPLFGHVLIQ SRVW HDUWK?
VXFKDV GLUHFWHFRQRPLF ORVVHVDQG EXLOGLQXWG®IISDLU W
HW DO OROLQD +XWW HW D® WKLV HIIHFW VHLVPLF ORVV D
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DVVHVVPHQWRIEXLOGLQJEHFRPHDQ LP SR UWIDMWFRQ BIFWIRW | R
<RXHWDO DQGDQHZGHVLIJQPHWKRG UHVLOLHQFH EDV
DWUDFWLRQLQWKHILHOG R HOUXQKITDXOHNWM &IQRIH Q & BU RGIW D C
OROLQD +XWW HW DKOLV PHWKRG QRW RQO\ FRQVLGHUV W
ULJKW DIWHU HDUWKTXDNHV EXW DOVR WKH DELOLW\ RI WKH E

HDUWKTXDNH QRYPHO VWDWH

J)LIXUH SHUIRUPDQFH EDVHG VHLVPLF GHVLJQ IO

SURMHFW VFRSH

JRUWKH GXDO VI\VWHP WKH SURSRVHG WDVNV DUH

F&RQVLGHUDWLRQ RI DQG VWRUH\ &/7: *05) V\VWI
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F&RQVLGHUDWLRQ RIGLITHUHQW PRPHQW SURSRUWLRQV
WKH &/7 VKHDU ZDOODQG *05)V

F&RQVLGHUDWLRQRIVHLVPLRFRGRILFDWDLQQ | DFDNEROUIHV

+F9DOLGDWLRQRIWKHDSSURSULDWH GXFWLOLW\ UHODWH !
)(0$ 3 SURFHGXUH ZLWK FRQVLGHUDWLRQRI1%& VHL

7TDEOH 6 XPPDU\RIWKHFRQVLGHUHG &/7: *05) SURW

6WRU

|_|\ORPHQW SURSR
&/7VKHDU ZDOO

UL
WR &

RQ
D 5)

2UJDQL]DWLRQ RIUHSRUW

7TKLVUHSRUWFRQWDLQV FKDSWHUV

'"HWDLOV RIHDFK FKD S\
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F&KDSWHIWQWURGXFHY WKH JHQHUDO PRWLYDWLRQ DQG R
PDVV WLPEHUVWUXFWXUHYV 7KHEDFNJURXQGIRUWKHHY
WKHLU VWUXFWXUDO EHKDYLRXU DQG WKH GLIITHUHQW
OLWHUDWXUHDUHEULHIO\GLVFXVVHG 7KHFKDSWHUDOYV
ZDOO IUDPHV\VWHPVDQG WKHGLIITHUHQW VHLVPLF GHVLJ

F&KDSWHWWRYLGHV WKH GHWDLO PRGHOOLQJ SDUDPHWHUYV
YLHZRIWKHSURWRW\SHVWUXFWXUH ORUHRYHU WKLV FK
FDVHV FRPELQDWLRQDQG PDWHULDO SURSHUWLHV RI WK
%HVLGHY WKH2SHQ6HHY QXPHULFDO PRGHOLQJ SDUDPH
IUDPHHOHPHQWY DQG FRQQHFWLRQ W\SHVDUH SURYLGH

F&€KDSWHWHVHQWYV WKH JHQHUDO SURFHGXUH IRU WKH VH
IUDPH VA\VWHP $IWHULQWURGXFLQJWKHFRQFHSWRIFRQ
DQDO\WLVDQGGHVLJQRIZDOO IUDPHV\VWHPLV SUHVHQW
VKRZV WKH FRPSOHWH VHLVPLF GHVLIQ SURFHGXUH LV SU

¥, QKDSWHWKH UHVXOW IRU WKH QRQOLQHDU VWDWLF LV
EULHI GHVFULSWLRQ RQ WKH EXLOGLQJYV VLWH VHLVPLF
VHOHFWLRQ PHWKRG WKHUHVXOWYVY RI WKH G\QDPLF DQD
IRUPD[LPXP LQWHU VWRUH\ GULIW UDWLR UHVLGXDO LQ\
IORRU DFFHOHUDWLRQ DUH JLYHQ LQ WKLV FKDSWHU OF

GLVSODFHPHQW EHDP FROXPQDQG FROXPQ EDVHMRLQW
DUHGLVFXVVHG

+&KDSWHMLVFXVVHVY WKH SHUIRUPDQFH HYDOXDWLRQ RI W
IDFWRUV WKDW DUH XVHG WR GHVLJQ WKH ZDOO IUDPH V
RXWOLQHG E\)(0$ 3

$1)LQDOORKDEWHU\QWKHVL]HV WKH UHVXOWY DQG FRQFO
UHVHDUFK SHUVSHFWLYHV RI WKLV UHSRUW 6XSSOHPHQ\
GHVLJQRIWLPEHUHOHPHQWY DUH SURYLGHG DV DSSHQGI



&KDSWHU

6\WWHP '"HVFULSWLRQ DQG
ORGHOLQJ

%XLOGLQJLQIRUPDWLRQ

7KHSURSRVHG &/7: *05) VAI\VWHP FRPSULVHV JOXODP EHDPV D¢
SDQHOV &/7 EDOORRQ VKHDU ZDOOV PRPHQW UHVLVWLQJ E
UHVLVWLQJ FROXPQ EDVH MRLQWY DQG EXFNOLQJ UHVWUDL
LQYHVWLIJDWHHIILFDF\DQG SHUIRUPDQFHRIWKHVWUXFWXU
*05) VIVWHPV ZLWK VWRUH\ KHLJKW RI WKH SURSRVHG V\VWF
7KH "SHUVSHFWLYH YLHZ RI WKH VA\VWHPV ,IQV&/@OX0AW UDWHG
VA\VWHP WKHVHLVPLFIRUFHVLVUHVLVWHG  ERWKE\WKHFRX}
*05)V )LIXUWMKRZV WKHIORRU SODQRUWKHDUUDQJHPHQW RI
ZDOO V\PPHWULFDOO\DW WKH SHULSKHU\ RI WKH VA\VWHP D
JubDYLW\ ORFDWHG DW WKH SHULSKHU\DQG LQWHULRU RI WK
LV VIPPHWULFDO LQ SODQDQG WKHOHQJWKIRILWKH &/RUEDOO
DQG VWRUH\ VI\VWHPYV P IRU MPWRUH\ V\VWHIRDLW K
VWRUH\ V\VMAHP ZLWK P IRU VWRUH\ VIMWHP ZLWK
DQG P IRU VWRUH\MRVWHP ZL\WMVAHSW IRUWKH VWRUH\ V\!
WKDW KDV D EIPy CRHQJWKWKHUHVW RIWKH V\VWHPYVY KDYH P

'LITHUHQW HQHUJ\GLVVLSDWLRQPHFKDQLVPVFDQEHXVHGLC
VWHHO GDPSHU DW WKH EHDP FROXPQ MRLQWYV RI WKH VWU X
HQHUJ\GLVVLSDWLRQ V\VWHP 7KH %5% KROG GRZQV ORFDW
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)LIXUH 7\SLFDOIORRU OD\RXWIRUWKH SURSRVHG &/7

&/7 EDOORRQ VKHDU ZDOOV SURYLGHV D VHFRQGDU\ HQHUJ\
FROXPQ EDVHMRLQWY SURYLGHPLQRUFRQWULEXWLRQ WR W

/IRDG FDVHV DQG FRPELQDWLRQV

JRXU ORDG FRPELQDWLRQ MOIMH¥FRQ@VEGHUHG WR GHVLJQ W
IROORZLQJ 1%&7KH ORDG FRQVLGHUHG DUH GHDG ORDG ' O
DQG RFFXSDQF\ / ORDG GXH WR VQRZ DQG UDLQ 6 DQG H
EXLOGLQJ LY ORFDWHG 9DQFRXYHU %ULWLVK &ROXPELD %¢&
DQG VHLVPLF ORDGY DUH GHWHUPLQHG EDVHG RTKWKH SURY
PRGHORIWKH&/7: *05) VIVWHP LV SUH S D U HIBQLGW K$-H46H PLEIKW\H
ZHUH GHVLJQHG DJDLQVW WKH ILUVW WIUHH2QRB ® GRPEKBL
HOHPHQWY DUH GHVLJQHG DJDLQVW WKH PD[LPXP JUDYLW\ O]
WKH SHULSKHUDO GXDO V\VWHP LV WKHQ PRGHOHG LQ (7$°
VHLVPLF IRUFH ORDG FRPEBQDWIFFRP SOGWBEDHPHULFDO H[D
SURYLGHG LQ WKH VXEVHTXHQW FKDSWHU VHFWLRQ

7DEOH VXPPDUL]H WKH GHVLJQ ORDG SDUDPHWHUV EDVHC
WKH FRQVLGHUHG EXLOGLQJ DW WKH VSHFLILHG VLWH ORFI
&DQDGD
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J)LIXUH (7$%6 PRGHO IRU VWRUH\ &/7: *05) V\VWHF

7TDEOH /IRDG FRPELQDWLRQVIRU XOWLPDWHOLP

&DVH /IRDG &RPELQDWLRQ

6WUXFWXUDO FRPSRQHQWYV

&/7 URRIDQG IORRU SDQHOV

,Q WKH SURSRVHG V\VWHP WKH &/7 IORRU SDQHOV DUH VXS
HOHPHQWY EHDPV DQG FROXPQV DQG ZKHQ DSSOLFDEOH
EDOORRQ V\VWHPV 7KH &/7 IORRU SDQHOV DUH GHVLJQHG L
IDFWRUHG GHDG DQG OLYH ORDG FRPELQDWLRQV SOXV VQR?
*UDGH ( PXOWL OD\HU ZRRG SURGXFWYV SHUW ¥ X6\ HG P P> &6 $

&/7 SDQHO GHVLJQ JXLGHOLQH LV DGRSWHG )RU Wi
IORRU SODQ FRQILIXUDWLRQV D SO\&/7 IORRU SDQHO RI W
WR EH DGHTXDWH 7KH SURSHUW\ RI WKH &/7 ZDOO SDQHOV I
BWUXFWXUODP



&+$37(5 6<67(0'(6&5,37,21$1'02'(/,1*

7TDEOH '"HVLIJQ ORDG FDVHYV

6WUXFWXUDO '"HVLJQ /RDGLQJ *UDYLW\/RDGV

Ss *URXQGVQRZORDG N3D

SS 5DLQ ORDG N3D

Ch %DVLFURRIVQRZIDFWRU

Cw :LQG H[SRVXUHIDFWRU IRUQRUPDO FRQGLWL

Cs 5RRIVORSHIDFWRU IRU

Ca $FFXPXODWLRQIDFWRU

ls ,PSRUWDQFHIDFWRU

JRUVWUHQJIJWK
6 1.0 [1:8 08 1.0 1.0 1.0+0:2] N3D

JRUVHUYLFHDELOLW\

6 09 [1:18 08 10 1.0 1.0+0:2] N3D
/ILYH ORDG N3D
6 XSHULPSRVHG GHDG ORDG N3D
6HOI ZHLJKW RIPHPEHU %DVHG RQDVVXP

6WUXFWXUDO '"HVLJQ /RDGLQJ /DWHUDO /RDGV

(DUWKTXR2NH
Sa
Sa
Sa
Sa

&/7 EDOORRQ VKHDU ZDOOYV

RQ

HG VHFYV

/I DWHUDO ORDG UHVLVWLQJ V\VWHP XVLQJ &/7 FDQ EH HUHFW!
VIVWHPQQHUW HW D@ WKLV VWXG\ &/7 EDOORRQ VKHDU ZDC
FRQVLVWYV RI FRQWLQXRXV ZDOOV RYHU WKHHQWLUH KHLJKW
SODWIRUP W\SHFRQVWUXFWLRQWRPLQLPL]HWKHEXLOGXSR

&KHQ DQG 3RSRYVHESUXFH 3LQH )LU &/7 *UDGH (

WLPEHU V¢

IRU VKHDU ZDOOV SDQHOV 7R GHVLJQ WKH &/7 EDOORRQ VK
SURFHGXUH SURSRVHG LQ WKH VXEVHTXHQW FKDSWHU LV DGF
GHVLIJQ VWDQGDUG LV XVHG WR GHWHUPLQH WKH UHTXLUHG
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ZDOOV 7KHGHVLIJQ VWHSV IROORZHG IRU &/7 VKBDAKEDOOV L
VDPH WLPEHU VSHFLHVDQG PDWHULDO SURSHUW\ DV WKH IOF
ZDOOV 7DEOH

7TDEOH &/7 BEUPGMHULDO SURSHUWLHYV

ODWHULDO SURSHUWLRQJLWXGLQDO OD\HU 7UDQVYHUYV
(ODVWLF PR,@XQEV03D
&RPSUHV VLR Qf §\b QG JO/BE
6 KHDU VWJHII @K 03 D
%HQGLQJ DW H [ W) Bl gl LEIDU
7HQVLOH ViYW DKIGJ WOk D

*OXODPIUDPHHOHPHQWYV

'RXJODV)LU /IDUFK*OXHG /DPLQDWHG WLPEHU SURGXFWV SU

DUH XVHG IRUWKH GHVLIJQ RIEHDPVDQG FROXPQV 7KH JU
EHDPV RI WKH &/7: *05) VI\VWHP ZHUH GHVLJQHG XVLQJ WKH G
WKH (7$%6 VRIWZDUH 5HVXOWY DUH HIWUDFWHG DQG WKH J
GHVLJQHG IROORZLQJ WKH &DQGDUG ,WHUDWLRQV ZHUH ¢
DFKLHYH WKH DSSURSULDWH JHRPHWULF VHFWLRQ RI WKH V\
VWUXFWXUDO HOHPHQWY PRPHQW UHVLVWLQJIUDPH HOHPF
XVHG bDQG WKH VDPH LWHUDWLYH SURFHGXUH LV XVHG WR DF
GHVLIQ RIWKHJOXODP VWUXFWXUDO IUDPH$SOHPHQWV LV SU

%YHDP FROXPQ MRLQWYV

,Q PRPHQW UHVLVWLQJWLPEHUIUDPHV WKH VHPL ULJLG EHI
FRQWULEXWH LQ HQHUJ\ GLVVLSDWLRQ %ROWHG VORWWH (
VORWWHG LQ VWHHO SODWHV DQG JOXHG LQ VWHHO URGYV
PRVW FRPPRQ W\SHV Rl EHDP FROXBQGRORGIGWHRIQYO H J

HW DO 7O0XVWRFKRZLF]HW®WKLY VWXG\ VWHHO GDPSHU FF
WKH EHDP DQG FROXPQV XVLQL¥EVHGEJIJRUMKH EHDP FROXP
‘:DNDVKLPD HW DOKH PRPHQW URWDWLRQ FXUYH RI WKH EHD
EL OLQHDU ZLWKJRRG HQHUJ\GLVVLSDWLRQ FDSDFLW\
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7TDEOH *I7 '"RXJODV)LU /IDUFK PDWHULDO SURSH

*I7JUDGH
24 EX 16cE

ODWHULDO SURSHUWLHV

(ODVWLF PR GOGDX V
&RPSUHVVLRQ VWUHQJWK SBODDOOHO WR JUDLQ
&RPSUHVVLRQ VWUHQJWK SHESBIDGLFXODU WR JUDLQ

6KHDU VWUHQJWK SRUD®DHO WR JUDLQ

6KHDU VWUHQJWK SHUSHQGIFEXODU WR JUDLQ
%HQGLQJPRPHQW, SIRBWLWLYH
%HQGLQJPRPHQW,QBIDWLYH

7HQVLOH VWUHQJWK SHUf$HQZLFXODU WR JUDLQ

YLIXUH %HDP FROXPQ MREQOFGISWEDOVGUEZGEAWDRQG
FRQQHFWLNRIWKLPD HW DO

+ROG GRZQ FRQQHFWLRQ

,QDW\SLFDO &/7VKHDU ZDOO VI\VWHP KROG GRZQVDUH XVHG
DVHQHUJ\ GLVVLSDWLQJFRPSRQHQWV WKURXJK URFNLQJ 7I
%5% KROG GRZQ DUHWXIWPOUJIHD® HB® DA JXUHLOOXVWUDWHYV W
FRQFHSWXDO GLDJUDP IRUWKH SURSRVHG %5% KROG GRZQ S
WKH &/7 EDOORRQ VKHDU ZDOOYV



&+$37(5 6<67(0'(6&5,37,21$1'02'(/,1*

J)LIXUH %5% KROG GRZQ

&ROXPQ EDVH MRLQWYV

7KH FROXPQ EDVH MRLQWV RI WKH SURSRVHG V\VWHP DUH
UHVLVWLQJFRQQHFWLRQ 7KHVHMRLQWY FDQDFW DV D VHFR
FRPSRQHQW RI WKH VIVWHP ,Q WKLV ZRUN “+&% ~ FROXP
E\ORUL HW DOLV XVHG 7KH REVHUYHG PRPHQW URWDWLRQ F
EDVH MRLQW LV D SLQFKLQJ UWH\RZRQNVKH XWKXOHHG FROXPQ |
FRQQHFWLRQ SORSRHMWGDE

J)LIXUH &ROXPQ EDVH MRKL\YWFDHOWPIRIGBEHEHWOQ GO FRQQHFWL
ORULHWDO
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SDUDPHWULF VWXG\

$ SDUDPHWULF VWXG\ LV XQGHUWDNHQ E\ FRQVLGHULQJ GLI
MP YDONRYV DQGIP EHWZHHQWKH &/7VKHDU ZDOO W
DQGRYHU VWUHQJWKDQGGLIITHUHQWRRFWLOLWOBRGEBM FDW
DUHVXOW IRUWKH VWRUH\V\WVWHP GLIIHUHQW FRPELQD
JRUWKH GLITHUHQW S D UD RERWDQWEPY WK & HYBD D:XH\6 ) VAIVWHP LV
GHVLJQHG DQG LWV SHUIRUPDQFHLVLQYHVWLIJDWHG 7KHVD
IRUWKHUHVWRIWKHSURWRW\SHEXLOGLQJV DQG VW
DGGLWLRQ WKUHHGHVLIJQ RSWLRQVDUHLQYHVWLJDWHG ,Q
WKHEHDP FROXPQ MRLQWV LY RIWKHVWUHQJWK GHPDQG X
HOHPHQWYVY :LWK WKLV SURYLVLRQ WKH GDPDJH FDQ EH OL
GDPSHU HOMHRXQWK :DNDVKLPD HW DOKLOH &6$ 2 8SGDWH

DOORZV IRU GLVFUHWH KROG GRZQV WR EH SDUW RI WK|
HOHPHQWYVY &6$%$2DQG &DQDGLDQ &/7 +DQISFARRNOL DQG *DJQF

UHTXLUHV WKHP WR EH GHVLJQHG IRUDQDGGLWLRQDO ID
IDFWRULVSURYLGHGIRUWKHFEDSDFLW\SURWHFWLRQRIWKH
DIWHU WKH SULPDU\HQHUJ\ GLVVLSDWLQJHOHPHQWY H J Y
OLQNV HWF DQG VOLJKWO\FRQWULEXWH WR HQHUJ\ GLVVL
*05) VIVWHPV LQ WKH 2SWLRQ DUH LQYHVWLJDWHG E\ IDFWR
MRLQW GHPDQGV DQG WKH KROG GRZQ GHPDQGV 2SWLRQ L
DOO WKH VI\VWHP FRPSRQHQWY ZHUH GHVLJQHG ZLWK WKH GH
(7$%6 DQDO\VLY 7KHGLVFXVVLRQLQ WKLV VWXG\LV EDVHG F
RQ GHVLJQ 2SWLRQV DQG DUHRQO\GLVFXVVHGLQ &KDSWH L

7TDEOH SDUDPHWULF VWXG\SDUDPHWHUYV

1R| 03 ZDOO WR|IRLRPH
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2SHQ6HHV PRGHOLQJ

$ QRQOLQHDU PRGHO ZDV GHYHORSHG IRUD 'IUDPH RI WKH
WKH GXDO VIVWHP RXWHU IUDPH $V FDWHKH VBHQ FORP )LIXL
VIVWHP FRPSULVHV Rl ED\05)V DQG D &/7 VKHDU ZDOO SDQF
RI WKHIUDPH 7KH QRQOLQHDU ILQLWH HOHPHQW IRU WKH ' P
6\WWHP IRU (DUWKTXDNH (QJLQHHULQOBLRQLMHW.RQ, QSHQ6H
WKLV ILQLWH HOHPHQW IUDPHZRUN QXPHULFDO PRGHO RI VL
DQG &/7 VKHDU ZDOO V\VWHP LV IRUPXODWHG ORUHRYHU WK
DVVHPEOLQJWKHPRGHO FRPSRQHQWYV &/7ZDOO 'HOHPHQW\
IUDPH HOHPHQWY EHDP FROXPQ MRLQWY FROXPQ EDVH MRL
IROORZLQJVXEVHFWLRQV LOOXVWUDWHY ERWK WKH FRPSRQ
FDOLEUDWLRQ SURFHGXUHYV

J)LIXUH I1RQOLQHDUILQLWHHOHPHQW PRGHO RI WKH &/7: *

&/7VKHDU ZDOO SDQHOV

7KH &/7 VKHDU ZDOO SDQHO SRVVHVVHV KLJK HODVWLF VWLI|
DV D ULJLG ERG\ GXULQJLQ SODQH UHVSRQVH &RQVHTXHQ
PRGHOOHG DV OODQBPBO HRO-HQWMYW W L F,\2RSWQRBHHN PDWHULDO PF
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LVXXWLOL]J]HG ZLWKHIIHFWLYH <RXQJTVPRGXOXVDQG3RLVVR
WKH VWRUH\EXLOGLQJPRGHO ZLWKRYHUDOO &/7 SDQHO WH
ZLWKDQHTXLYDOHQW €RXRUTV PROGXIXIURSRIVHISOEKBLQ DQG
JUDJLDFRPRDQG 3RLVVRQYVUDWLR RI

7KH2SHQ6HHV FRPPDQG XVHG IRU WKH &/7 VKHDU ZzDOO PDWH
Q'ODWHUODVWLF,VRWURSLF PDW7DJ (Y UKR!

ZKHUH

PDW7DJ LQWHJHUWDJLGHQWLI\LQJPDWHULDO
( HODVWLF ORGXOXV

Y S3RLVVRQYVUDWLR

UKR PDVV GHQVLW\ RSWLRQDO GHIDXOW

7KH2SHQ6HHVY FRPPDQG XVHG IRU WKH &/7 VKHDU ZDOO HOHP

HOHPHQW THKOB7DJ L1RGH M1RGH N1RGH O1RGH WKLFN
SUHVVXUH UKR E E!

ZKHUH

HOH7DJ XQLTXHHOHPHQWREMHFW WDJ
LIRGH M1RGH N1RGH O1RGH IRXUQRGHV GHILQLQIJHOHPHQW E
FORFNZLVHRUGHUDURXQG WKHHOHPHQW

WKLFN HOHPHQW WKLFNQHVYV

W\SH VWULQJUHSUHVHQWLQJPDWHULDO EHKDYLR
FDQEHHLWKHU "30DQH6WUDLQ" " RU "30DQHG6\

PDW7DJ WDJRIQ'ODWHULDO

SUHVVXUH VXUIDFHSUHVVXUH RSWLRQDO GHIDXOW

UKR HOHPHQW PDVV GHQVLW\ SHU XQLW YROXPH
HOHPHQW PDVV PDWUL[LVFRPSXWHG RSWLR

E E FRQVWDQWERG\IRUFHV GHILQHG LQ WKH LVR

RSWLRQDO GHIDXOW

%YHDP FROXPQ MRLQWYV

7KH EHDP FROXPQ MRLQWY DUH PR GMOHHOG X\QLLQ[ L2IS®I@QI\WM H
RULXIIUp OHQHJRWWR 3LQWR ORGHO ZLWK ,FEBWHBEDRPGWQD
JHUR/H@QRMOLQHDU URWDWLRQ VSULQJHOHPHQWY 6XPPDUL
PDWHULDO DQG HOHPHQW FRPPDQGV XVHG WR PRGHO WKH EH

XQLD[LDOODWHULDPBWHMO )\ ( E 5 F5 F5 D D D D
VLI, QLW!
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ZKHUH
PDW7DJ LQWHJHU WDJLGHQWLI\LQJ PDWHULDO
)N \LHOG VWUHQJWK
( LQLWLDO HODVWLF WDQJHQW
E VWUDLQ KDUGHQLQJUDWLR UDWLREHWZHHQ SRVW \L

5 &5 &5 SDUDPHWHUV WR FRQWURO WKHWUDQVLWLRQIURP HC
SHFRPPHQGHG YDOXHV 5 EHWZHHQ DQG F5

D LVRWURSLF KDUGHQLQJ SDUDPHWHU LQFUHDVHRI FRF
RQRI\LHOG VWUHQJIJWKDIWHU D SODVWLFVWUDLQ RI

D LVRWURSLFKDUGHQLQJ SDUDPHWHU VHHH[SODQDWLI

D LVRWURSLF KDUGHQLQJ SDUDPHWHU LQFUHDVH RI WH
\LHOG VWUHQIJWK DIWHU D SODVWLFVWUDLQRI D )\

D LVRWURSLFKDUGHQLQJ SDUDPHWHU VHHH[SODQDWLI

VLI, QLW,QLWLDO 6WUHVV 9DOXH RSWLRQDO WKHVWUDLQLYVF

LI VLI, QLW GRXEOHHSV,QLW VLJ,QLW ( HSV WL

HOVHHSV WULDOG6WUDLQ

HOHPHQW |JHUR/HQRWXJ L1RGH M1RGH PDW PDW7DJ PDWY

GLU GLU GR5D\OHLJK U)ODJ! RULHQW [ [ [ \S \S
ZKHUH
HOH7DJ XQLTXHHOHPHQWREMHFW WDJ
LIRGH M1RGH HQG QRGHYV
PDW7DJ PDWTYDJ WDJV DVVRFLDWHG ZLWK SUHYLRXVO\ GHIL

GLU GLU PDWHULDO GLUHFWLRQV
WUDQVODWLRQ DORQJORFDO [\ ]D[HV UHVS]
URWDWLRQ DERXW ORFDO [\ |D[HV UHVSHEW
[ [ I YHFWRUFRPSRQHQWV LQ JOREDO FRRUGLQDWHYV G

\S \S \S YHFWRUFRPSRQHQWYV LQ JOREDO FRRUGLQDWHYV
LQWKHORFDO[ \SODQHIRUWKHHOHPHQW RSWL
Uu)obJ RSWLRQDO GHIDXOW

U)ODJ QR UD\OHLJK GDPSLQJ GHIDXOW
U)ODJ LQFOXGHUD\OHLJK GDPSLQJ

JLIXUHLOOXVWUDWHY WKH K\VWHUHWLF UHVSRQVH RI WKH F
FROXPQ MRLQW XQGHU WKHDFWLRQRIF\FOLF ORDGLQJ

&ROXPQ EDVH MRLQWYV

7KH FROXPQ EDVH MRLQWV Rl WKH SURSRVHG V\VWHP DUH
3LQFKLRQWHUL DGV R/GEIRMKOLQHDU URWDWLR Q IMBRKIQUIHOHF
PRGHO LV FRPSRVHG RI SLHFH ZLVH OLQHDU FXUYHV WKDW }
E\D SLQFKHG” ORDG*GHIRUPDWLRQ UHVSRQVH WR UHSUHV
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JLIXUH %HDP FROXPQ MRLQW UHVSRQVH

GHIJUDGDWLRQ XQGHUF\FOLFORDGLQJ 7KH2SHQ6HHV PDWHL
WRPRGHO WKHFROXPQ EDVHMRLQWV DUH VXPPDUL]J]HG EHOR

J)LIXUH &ROXPQ EDVHMRLQWPRGHOLQ2SHQG6H

XQLD[LDOODWHULDO FAMWFRDQPJIH3I H3G H3I H3G H3I H3
H31 H3G H1l H1G H1ll H1G H1l H1G H1l HI1IG ! U'l
U)RUFH3 X)RUFH3 U'LVS1 U)RUFH1 X)RUFH1! J. J. J. J.
J'J 3 3 JULP J) J) J) J) J)/LP J( GPJ7\SH

ZKHUH

JLIXUHLOOXVWUDWHYVY WKH K\VWHUHWLF UHVSRQVH RI WKH F
FROXPQ MRLQW XQGHU WKHDFWLRQRIF\FOLF ORDGLQJ
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PDW7DJ LQWHIJHU WDJLGHQWLI\LQJPDWHULDO

H3lI H3I H3I HS3I IORDWLQJ SRLQW YDOXHV GHILQLQJIRUF

UHVSRQVHHQYHORSH

H3G H3G H3G H3G IORDWLQJSRLQW YDOXHV GHILQLQJ GH

SRVLWLYHUHVSRQVHHQYHORSH

H1l H1I H1l H1I IORDWLQJ SRLQW YDOXHV GHILQLQJIRUFI

UHVSRQVHHQYHORSH

H1G H1G H1G HI1G IORDWLQJ SRLQW YDOXHV GHILQLQJ GHI

QHIJDWLYHUHVSRQVH HQYHORSH

U'LVS3 IORDWLQJSRLQW YDOXH GHILQLQJWKH UDWL
DW ZKLFK UHORDGLQJRFFXUV WR WKH PD[LP X
GHIRUPDWLRQ GHPDQG

I)RFH3 IORDWLQJSRLQW YDOXH GHILQLQJWKH UDWL
UHORDGLQJEHJLQVWRIRUFHFRUUHVSRQGL
KLVWRULF GHIRUPDWLRQ GHPDQG

X)RUFH3 IORDWLQJSRLQW YDOXH GHILQLQJWKH UDWL
XSRQ XQORDGLQJIURP QHJDWLYH ORDG WR W
GHYHORSHG XQGHU PRQRWRQLF ORDGLQJ

U'LVS1 IORDWLQJSRLQW YDOXH GHILQLQJWKH UDWL
ZKLFK UHORDGLQJRFFXUV WR WKHPLQLPXP &
GHIRUPDWLRQ GHPDQG

I)RFH1 IORDWLQJSRLQW YDOXH GHILQLQJWKH UDWL
UHORDGLQJEHJLQVWRIRUFHFRUUHVSRQGL
KLVWRULF GHIRUPDWLRQ GHPDQG

X)RUFH1 IORDWLQJSRLQW YDOXH GHILQLQJWKH UDWL
XSRQ XQORDGLQJIURP QHJDWLYH ORDG WR W
GHYHORSHG XQGHU PRQRWRQLF ORDGLQJ

J. J. J. J./LP IORDWLQJSRLQWYDOXHV FRQWUROOLQJF\F

IRUXQORDGLQIJVWLIIQHVYV GHIJUDGDWLRQ
J'" J' J'/LP IORDWLQJSRLQWYDOXHVFRQWUROOLQJF\FC
IRUUHORDGLQJVWLIIQHVYVY GHIJUDGDWLRQ
J) J) J) J)/ILP IORDWLQJSRLQWYDOXHV FRQWUROOLQJ F\
IRUVWUHQIJWK GHIJUDGDWLRQ
J( IORDWLQJ SRLQW YDOXH XVHG WR GHILQH PD|
GLVVLSDWLRQ XQGHU F\FOLF ORDGLQJ 7RWL
FDSDFLW\LV GHILQHG DV WKLV IDFWRU PXOW
GLVVLSDWHG XQGHU PRQRWRQLF ORDGLQJ
GPJ7\SH VWULQIJWRLQGLFDWH W\SHRIGDPDJH RSWL

%5% KROG GRZQV

7R VDWLVI\ WKH KLJK D[LDO GHPD/Q}¥ | DFEDJ KB P Gl \& ADAXQ

PRGHOHG XVLQIJASHROGHHWLD[LDOREWRQMDDOFW EHWZHHQ W
ZDOODQG WKHEDVHLVY PRGHOHG DV D SDUDOOKQ VDYMDHP E\
HODVWLF QR WHRDM/RQLDPY )LIJIXRFAHDSWXUH WKH FRQWDFW EF
&/7ZDOODQGWKHEDVH DODUJHHODVWLFVWLIIQHVV YDOXH |
FRPSUHVVLRQ &RPPDQG EHORZLV XVHGLQLQWURGXFLQJ WK
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J)LIXUH %5% KROG GRZQ UHVSRQVH

XQLD[LDOODWH U IPmWATJI (

ZKHUH

PDW7DJ LQWHJHUWDJLGHQWLI\LQJPDWHULDO
( WDQJHQW

7KH SDUDOOHO VSULQJ IRUPXODWLRQ LV LPSOHPHQWHG LQ
FRPPDQG

XQLD[LDOODWHULDO PDWYODOHOWDJ WDJ IDFWRUYV
IDFW !
ZKHUH
PDW7DJ LQWHIJHU WDJLGHQWLI\LQJPDWHULDO
wWDJ WDJ LGHQWLILFDWLRQ WDJV RIPDWHULDOV PDNLQJ XS
IDFW IDFW IDFWRUVWR FUHDWHD OLQHDU FRPELQDWLRQ RI

EHQHIJDWLYHWRVXEWUDFW RQHPDWHULDO IURP DQ RYV

J)LIXUHLOOXVWUDWHY WKH SDUDOOHO V\VWHP DORQJ ZLWK \
GRZQ 7KHLQLWLDO &O0OWMVWPFRIWMHKHH¥YXN¥ KROG GRZQV LV FRQ
EHHTXLYDOHQW ZLWK WKH YDGXHR I7W K HD\P B O GD\WWAHEWH D OW K
ZLWKDVWUDLQ KDUGHQLQJUDWLR

3 ' HOWD HIITHFW

$VWKH3 '"HOWDHIITHFWLVLPSRUWDQW IRUWDOO VWRUH\EXL
DOHDQLQJFROXPBODYMQFHHMDRSRIOKOMIP HQWY DUH XVHG WR
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WKHOHDQLQJFROXPQDQG WUXVV HOHPHQWYV UHVSHFWLYHO



&KDSWHU

6HLVPLF '"HVLJQ

*HQHUDO

/JLQHDUDQG QRQOLQHDUDQDO\VLVPRGHOVFDQEHXVHG WR D
6PLWK DQG &RXODWKLY UHSRUW HODVWLF DQDO\VHV PHWKR
PHWKRG &00 DQG HTXLYDOHQW ODWHUDO IRUFH DQDO\VLYV
WKH SUHOLPLQDU\JHRPHWULHVY DQG VHLVPLF GHPDQGV RI Wk
WLPHKLVWRU\DQDO\VLV 1/7+$ LVXWLOL]JHGWRHYDOXDWH V
&/7: *05) VIVWHP $V GLVFXVVH®LRKDS\WHIRXU EXLOGLQJ V
DQG DUHFRQVLGHUHG 7KH SURWRW\SH VWUXFWXUH)
DWO9DQFRXYHU &LW\+DOO %& &DQDGD 7KH SODQDQG LVR
EXLOGLQJVLVILYHQLWXEBKNS®HWHVSHFWLYHO\ 6HLVPLF GH\
&/7: *05) VIVWHP LV SHUIRUPHG FRQVLGHULQJ GLIITHUHQW SH!
PRPHQW EHWZHHQ WKH ZDOO IMPG IUDPB ®™BXFWXUHV
,Q WKLV FKDSWHU GHWDLO VHLVPLFDQDO\VLVDQG GHVLJQ R
VWRUH\EXLOGLQJLVY SUHVHQWHG )LJIXUH

6HLVPLF GHVLJQ RI &/7: *05) VI\VWHPYV

7KH VWHSV IROORZHG WR GHWHUPLQH WKH VHLVPLF IRUFHV |
RQWKHLQGLYLGXDO FRPSRQHQWV RIWKH //56 50 VR P FABD/WLL]H C
VWXG\ LV XQGHUWDNHQ IRU VMPWHIBRZ Y W & XGH.VI HUW\@ WS E\ VV
QXPHULFDO H[DPSOH LV SURYLGHG IRUD VWRUH\V\PPHWUL
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IUDPHDQG D PLGGOH &/7 ZDOO DUUDQJHPHQW 7MP LOOXVWL
D Q B,Ry PDLQWDR,QLQRBy YDOXH LV FRQVLGHUHG WR EH

J)LIXUH 6HLVPLF DQDO\VLV RI &/7: *05) VIVWHP

JLIXUH 6HLVPLF GHVLIJQIUDPHZRUNIRU &/7: *05) V\

6WHS &DOFXODWH VHLVPLF IRUFHV DQG RYHUWXUQLQJ PR
*05) VIVWHP XVLQJ (6)3

F&KHFNWKHDSSOLFDELOLW\RIWKHVWUXFWXUHIRU (6)3



&+$37(5 6(,60,&'(6,*1

$1&DOFXODWH WKH EDVH VKHDU ODWHUDO VHLVPLF IRUFFE
PRPHQWYV DV SHUWKHFRGHVWDQGDUGYV

7TKHWRWDO ODWHWDIOWHRHIOLYPXE DRMHGIDYV SHU WKH 1% &

_ S(Ta) My le W
- RoRq¢

Vv

ZKHSBH,) WKH GHVLJQ VSHFWUDO UHVSRQVH DFFHOHUDWLRC
SHUITR®, KLJKHUPRGHHIIHFWV IDFWRU RE@ S\RKWHNEDQFHHVIKOHF IVUR
w WRWDO VHLVPLFZHLJKW RI WKHVWUXFWXUH WKHGHDG O
ORDG SOXV RIWKHVWRRED FREEDGH®QRBKFWLOLW\ RYHUVWU
OLWFKHOO HW ®»&

JRUVWUXFWXUHV ZLWK VKHDU ZDOOV WKH SUHOLPLQDU\ IXQ
EH FRP S XWIHAE&D V

T,=0:05h,%"
ZKHBH WRWDO KHLJKW RI WKH EXLOGLQJ P $OWHUQDWLYF

RI YLEUDWLRQ IURP PRGDO DQDO\VLY FDQ EH XVHG SURYLC
WDNHQ JUHDWHU WKDQ WLPHV WKDW &&GHMNXMHP LQHG LIQORT X

7KHGHVLIJQ EDVH VKHDU DR HIVFKHRWHRUWALYQIEHGY Bl D

( = Wih)

Fx

ZKHUYUHWRWDO ODWHUDK) VHRYVWILWRRRWPFEHHG WR EHFRQFHQWU
WKHWRS RIWKHEXLOGLQJ ZKLFK LW,G HHIQHKG/ER IHAM KB BX IRGG L (
HDFK VWRUOH\KBQIKW RIXVR'RUH\

8
<0 IRTy < 07

F. =
"l 007T.V IRTY 07

ZKHEBEHQHHG QRWORE§¥HHG
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6LPLODUO\ WKH RYHUWXUQLQJ PRPMQW.DWLMBRRE¥WRU\ O

X

i=x
ZKHUH EDVHRYHUWXUQLQJ PRPHQW UHGXEKW O MGEMWIRQ DG
DV

8
<10 IRy 0:6h,;DQG

e ) M | Riy < 0:6 hy,

ZKHUH EDVH RYHUWXUQLQJ PRPHQW UHGXFWLRQ IDFWRU °

JRUWKHFRQVLGHUHG VWRUH\EXLOGLQJ WKHIXQGDPHQWI
DQG WKH EXLOGLQJ SDUDPHWHUY UHOHYDQW WR \DHQ&PLF G
$FFRUGLQJO\ WKHFDOFXODWHG VHLVPLFIRUFHY SDUDP

7TDEOH 1IDWXUDO SHULRGV RI WKH VWRUH\ &/7: *05

1R| Ry | MPyal T, V| T, V| T3 V

1RWH WKDW WKH EDVHX45kDU FQOG X\ HKH GLVWULEXWLRQ RI VH
SDUDPHWHUV JLYHQUKY EDEPBE RQ WKH WRWDO ZHLJKW RI WK
7TKHFDOFXODWHG YDOXHVQHHGWREHKDOYHGWRUHSUHVHQ
WKH SURSRVHG V\VWHPDQG KHQFH WKHGLVFXVVLRQ LQ WKH
WR WKH '"IUDPH

6WHS &DOFXODWHWKHHTXLYDOHQW XQLIRUPO\YDU\LQJ OF

FHWHUPLQH WKH HTXLYDOHQW RUDSSUR[LPDWH WULDQJX
VHLVPLFIRUFHV REWDLQHG LQ 6WHS

7TKHHTXLYDOHQW WULDBR JX\D P LGCOAX\W IBAKNIBWREE J HTXDWLRQ
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7TDEOH (TXLYDOHQW ODWHUDO IRUFHDQDO\VLV S
T, 35s 2 (0:05 60°")
S(T,) 0:16g
M, 1
le 1
RoRd 3

n QXPEHURIVWRUH\V 20

hy
hn
Wy
Wy
w
I:t

V WRWDO EDVH VKHDU2;475kN

KHLIJKW DX VWRUH\3m
WRWDOHKHLJKW 60m
ZHLIJKW RI URRI OHYRBB6KN
ZHLIJKW DW HBFK VWRBEKN
WRWDO ZHLJKW 46;041kN
619kN

P=2

6WHS 6HOHFW GHWHUPLQHWKHSHUFHQWDJH VKDUHLQ ED\
VWUXFWXUH

, Q WKLV VWHS WKHSHUFHQWDJH RIEDVHPRPHQW VKDUHG EF
VIVWHPV VKRXOGEHGHWHUPLQHG MRLYPBRHQWGHRLSRHUGVELE
RQ WKHFDSDFLW\DQG WDUJHWH G B KD Q GV&\RRI GHIIKKI U\ VW H
FDSDFLW\PRPHQW UHVLVWLQJEHDP FROXPQ MRLQWV DUH UF
MP YDOXH IRU 0*5) MIPW.HPDQG YLFH YHUVD ™MPH,YDQBHV RI
MPtame FDQ EH FRPSXWHG DV

M .
M Pwall - wall;base 100

M system;base

MPtrame = 100 MP wai

ZKHMBipase PRPHQW GHPDQG DW WKH EDV HVR LWk &DWVZH OO DC
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7TDEOH 7TKHGLVWULEXWLRQ RIVHLVPLFIRUFHV RQ WKH V

6WRUHYHLJIKW why Fx Vi | Ix My
P N1P| N1| N1 N1P

PRPHQW RI WKH &/7: *05) VIVWHP FDOFXODWHG LQ VWHS  %|
IRUP VROXWLRQ LV SURYLGHG E\ 6\PR. &K \D I9GPELRHOMDKH YD O XH!
DW GLIITHUHQW KHPLIJKRWP OWKYHHIOM X QG )RUDQLQYHUVH WULDQ
Mwai (z) LV FRPSXWHG DV

Muan (z) = WH?K3

ZKHKHLY D GLPHQVLRQOHVV SDUDPHWHU WKDW GHILQHV WKH



&+$37(5 6(,60,&'(6,*1

J)LIXUH IDWHUDO IRUF®B GIDMW D OBEXOMW.RQYDYWLF IRBEFH SURF
(TXLYDOHQW WULDQJXODU ORDG

JLYHQ E\
1 H VLOK) VLOK) FRYX)
Ks(2)= Tz 2 H FRVHK )
L VLe® (H) oz
H 2 H

7KH SDUDPHWHJU XDWLRHDVXUHYVY WKH UHODWLYH VKHDU WR
FRQWULEXWLRQRIHDFK V\VWHP DQG LWV YDOXHV LV H[SUHYV

ZKHGAM WKHDYHUDJHG VKHDU ULJL &IL WWRHW®H [ )UDIPAH DWLQE G L
WKH ZDOO

Mirame (Z) = Msgystem (Z)  Myai (2)
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JLIXUH ORPHQW FRHIILFLHQW IRUWKH ZDOO VWL

7KH VXPPDU\ RIWKHPRPHQW REWDLQHG LQ WKH ZDOO DQG IU
LQWKHT 7DEOH

BWHS $SSO\&00DQG FDOFXODWH WKHEHQGLQJPRPHQW DQ
WKH ZDOO DQG IUDPH VWUXFWXUHYV

2Q0FH WKH WMPY HWHRKRVHQ LQ VWHS DQG WKH FRIUUHVSRQ
LV GHWHUPLQHG DQRWKHU FORVHG IRUP VROXWLRRQV SURYL
XWLOL]JHG WR GHWHUPLQH WKH VKHDU GLVWULEXWLRQ LQ W
WULDQJXODU QRWHNP®\WRBERUUHVSRQGLQJ GLAH@VLRQOH\
DUH JLYHQ E\

Qwal (2) = WHK

1  H VLOHK) VLOK) V L QXK
Ke(2)= 4 5 Al FrRym)
FRVZ() (H)2 1 1
H 2 H

"KHQWKHLQWHUDFWLRQLQFUHDVHYV QHJDWLYHVKHDUFDQ E



&+$37(5 6(,60,&'(6,*1

7TDEOH 6 XPPDU\IRUWKHGLVWULEXWLRQV RIPRP

6WRUHR\ | z/H P M modified Ks M wail Mtrame
P N1 P N1P N1P N1P

ZDOO VA\VWHP +LJKHU QHIJDWLYH MKMDOXHBWRIRERGEIYHG IRL
YDOXHY BRQG3 DQG VPDOOHU QHIJDWLYH YDOXHV DUH REVHU"
VA\VWHP VLIQLILFDQWO\GRPHQEOIWBOWXH FFRKKHH VMRQGLQJI WR
Y DO XHU PIQ & JRUWKHLOOXVWUDWHGMPYPHIOLEQG H[DPSOH
237 WKH ZDOO VKHDU GLVWULEXWLRQ LV FOIXBPAYOUIIRMDH G XVLQ
WKHQDSSOLHG WR GHWHUPLQH WKHFRUUHVSRQGLQJGLVWU
$FFRUGLQJO\ WKHHTXLYDOHQW ODWHUDO IRUFHVRQ HDFK YV
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JLIXUH 6KHDU FRHIILFLHQW IRU WKH ZDOO VWU.

erame (Z) = ststem (Z) Qwall (Z)

JRUWKH W\SLFDO QXPHULFDO H[DPSOH WKHVXPPDU\RIWKH
WKH ZDOO DQG IUDPH VWUXFWXUHV L¥FARUAICH® L QWK K H ROSH
ODWHUDO IRUFHV IURP WKH &00 DUH \D)XQRE? DO @ MMVAVILM® WIHEO IHQ

6WHS 'HVLIQ WKH VWUXFWXUDO FRPSRQHQWV RI WKH
VWUXFWXUH

2QFH WKH ODWHUDO IRUFHV RI HDFK VAIVWHP DUH GHWHUPLQH
LV GHYHORSHG LQ (7$%6 7KH PRGHOV DUH WKHQ DQDO\]HG F
VFHQDULR DQG WKHLU UHVXOWY DUH LPSRUWHG LQWR ([FHO
&6% 2 WKH FROXPQV DQG EHDPV Rl WKH *05) VIVWHP DU
FRPELQHG D[LDO PRPHQW DQG IOH[XUH VKHDU HIITHFWV UHYV
FDWD GBRMXXFWXUODRH XVHG WR GHILQH WKH PDWHULDO DQG
6LPLODUO\ &6%$ 2 HTXDWLRQV DUH XVHG WR GHVLJQ WKH &/
IRU WKH FRPELQHG D[LDO FRPSUHVVLRQ DQG LQ SODQH EHQ
DGHTXDF\ RI WKH &/7 ZDOOV LV DOVR FKHFNHG DJDLQVW WKH
GHVLJQ SURFHVV LV LWHUDWLYH XQWLO VDWLVIDFWRU\JOXO
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7TDEOH 6 XPPDU\IRUWKHGLVWULEXWLRQV RI VK
6WRUHR\ | z/H P Q I'<4 Qwall erame I\/Imodified
P N1 P N1 N1 N1 N1P

WKLFNQHVV DUHDFKLHYHG 'HVLJQ FDOFXGDWLRQV DUH SUR®

6WHS $QDO\]JHWKHV\VWHPDQGFKHFNWKHILQDO SHUFHQWL
EHWZHHQ WKH ZDOODQG IUDPH VWUXFWXUH

,Q WKLV VWHS WKH "PRGHOV RIWKHGXDO VI\VWHP LV GHYHOF
VHFWLRQV DQG ZDOO WKLFNQHVVHV DUH XVHG DQG WKH PRG
HITHFWV RI WKHLQLWLDO VHLVPLF ORDG IURP WKH VWHS D C
UHYLVHG IRUFHV DQG PRPHQWYV LQ HDFK RI WKH VWUXFWXUD
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7TDEOH 'LVWULEXWHG RIODWHUDO ORDGV RQ WKH &/

6WRUHR\ | zZ/H | F, | Fecumwar | Fcmmitrame
P N1 N1 N1

GHVLJQHG $IWHU WKH GHVLJQ SURFHVV HQGV WKH SHUFHQ
MPwai LV FKHENHG ,I WKHPRPHQW SURSRUMWRRQuREWMDLQHG L
GLIIHUHQW WKDQ WKH PRPHQW S URBRMWLR QWG KIF 18 R B H. W V MH
RI WKH VWUXFWXUDO PHPEHUYV FDQ EH UHYLVHG XQWLO D VD\
SURYLGHG WKHUHYLVHG VHFWLRQV VDWLVI\)JLDXQAOHEDYWE
RQ WKHPRPHQW GHPDQG RIWKHEHDP FROXPQ MRLQWV DQG W
KROG GRZQV WKH UHTXLUHG GLDPHWHU DQG QXPEHU RI ERC
H[SUHVVLRQJLYHQLQ 7THZHOGHEUKDQDQG 7HVIDPDULDP
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