-RXUQDO RI 6WUXFWXUDO (QJLQHHULQJ DQG %/HFKQLF\/
LQWHU

1XPHULFDO $QDO\VLV Rl &\FRBLFOKIRIQDY RV
&RQQHFWLRQV LQ 6WHHO JUDPF

ORUWH]D B3HVIKIDDQIDWIOQGIDEVERXEIKDEDUDWL

0 6FLQ &LYLO 6WUXFWHNBOWRQMDWIPYER]DG 8QLYHUMQV\ 7DNHVWDQ
EHSDUWPHQW RI &L YSLKD KQ GLRBIMDHE J7HD FK HUHKWIMUR QQJ 8QLYHUVLW\
FHSDUWPHQW RI &LYLO DQG SAIFINIAGHERKO D P OF(QPRQ BIUYGWNQ W\ 4D]YLQ

SBHFHLYHBQXDU\$FFHSWGHDBUFK

$EVWUDFW

7KLV DUWLFOH FRQVLGHUV WWRRVOHKPP IMFREEWINYLQU/WIHEBDIRIDPHYV IRU GLITHUHQ\
HOHPHQW PRGHOLQJ $EHBRRRORKPWY IVFRSLRUUNWVBRSE X UK W1 B HG\B D VI HW.K HF&BVHQ IRU W
JRXU GLIIHUHQW VSHFLPHQV KDYH EHHQ DQDO\]JHG 7KHV H @R @HBE/S KB 8 HQRRH REL D|
HQEODWH VWLUIQRU\ERMWY DUUDQJHPHQW DQG VWLIIHQHUV KDYH EHHQ WsRQH
DUUDQJHPHQWYV ZLWK RU ZLWKRXW VWLIIHQHU DQG W ZRRRWZAHMWK R R H@WHHIHH@K U
FRQVLGHUHG® V'S HIFWWY QM FIKED R USSGWBIBLOL W\ LQLWLDO VWLIIQHVYV DQG HIIHFWLY
FRPSDUHG )LQDOWONBHHNAWMVW) RREDB®O VSHFLPHQV KDV EHHQ DVVHVVHG $VQV WDHMX C
KRULJRQWDO EROW DUUDQJHPHQW KDV VKRZQ WKDW W KB O/G\UMR EMRUERCW @ UUD Q

.H\ ZRU%BHNDPRROXPQ MBIOPW H Q&\FOLQJ ORDG % ROWWULN@URBPHQW 6WLIIHQHU 3UH

,QWURGXFWLRQ

7KH EHKDEHOWRROXPQ MRLQWYV LQ PWEHOHW DRHKVYDEOH WR VLPSO\ LOOX)\
FDQ EH FRQYHQLHQWO\ UHSUHVHQWHISDBRV LWXV K ODH XEFD@WWEBKDPQRBHQW |
ZKLFK LV SULPDWIH PREREQUIAMKRQ O/XFK DV HQHUJ\ DEVRUSWLRQ LQL\
UHODWLRQVKLS 7KQVQEHKIDMYRQ DWQWDIIQRYG DQG GXFWLOLW)\

OHYHOV ,Q IBEWRWBRRRQWFXUYHV UHSUHVHQW WKH

UHVXOW RI D YHU\ FRPSOH[ LQW H U D F \% HD® RRPAVQPIQWKRIL @ &/ HRGIQWUD B\FOLF
SDUWV FRQVWLWXWLQJ WKH FRQQHFMRLREULI\ EHDP WR FROXPQ MRLQWV
BLQFH WKH FRIQWHFWH RQLIJWEOS L QG HWRHDIGP LEADWIH RW BEDMAXYD VIRQLWH PRGF
FXUUHQW GHVLJQ DSSURDFKHV FDKH) RM VX®REWOF RVEKDWHG WR WKHRU
GLPHQVLRQUDO/WHPV ZKLFK DUH JRYHVUXMWYV ZKLFK BXMPSIWHNWDBNH & KEHN
FRPSOH[ FRPELQHG PDWHULDO D QEH DI RRHRARAXPQ@ MBRQW V
OLQHDULW\ IULFWLRQ AHMLEBSSSOBWHRQWDFW EROW

LQWHUDFWLRQV DQXUHYHQW®BI®OW KH-REQMWVHRQILIXUDWLRQ

HOHPHQW WHFKQLTXH KDV EHHQ DE&RSMAH®W ¥RQ|LUXWD RMOE G DWHREZ ® Q
VXSSOHPHQW WR WKH FDOLEUDWLRQHRIS0AWH @HRGH® WR WKH EHDP VHF!
7R XVH WKH ILQLWH VSHFLPHQV I|LURRYD XD Qr HQ LRI FRILRF KZ E\R & WHRE V
H[SHULPHQWDO UHVXOWV ZDV SHUIRWRHGLGWXKHLYHBQYLRGHYBRY ORE RV K
FRPSDULQJ DQG YDOLGDWLQJ WKH @HDHPU WHDQDV LWHK/EK GRNQKIHAW INQGEGWKLH W K H
H[SHULPHQWDO UHVXOWYV EDVHG RQIQMKX®JBYDRQO EWERDBRW KHIO RRENFORI E
VWDQGDUGYV FK®HJHR WEHUHVBBFLPHRDWO R WKKGHH EHDP VHFWLRQ 7KH W
HITHFW RVNWKHVSULHJ Rl EROWV ZDV DGR ID Q\DKOH | MIGQ L W RHQO/HL R MKQWVR P FOG H O
7KH PDLQ DLP RI WKLV VWXG\ ZDV WR FWRQFMGHRIQ GZH WHUM YWQ JOH :
VSHFLPHQV LQ UHODWLRQ ZLWK WEKHDIPNMODLRKIH ® RORGW KZHK MO BIQ J H

&RUUHVSRQG(IP@LBWKRIWD 5DVWLDQ#JPDLO FRP
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e %RXQGDU\ FRQGLWLRQV DQG PRGFH
<RXQJYV PRGXOXV 3RLVVRQYTV UDWLR
W30x99 e ™ DUH HTXDO.WIR DQG UHVSHFWLYHO\

(A572 Gr50) X

%RWK FROXPQ HQGV DUH KLQJHG \
VXSSRUWYV IRU EHDP |10DQUYMFRREROW
SURYLGHG DW DWGLQY W QORI W

LQ IURP WKH FHQWHUOLQH RI WKH FI

LJ JLQLWH HOHPHQW PRGHO
pm——
"

Iy

g|— EHDP LV FRQVLGHUHG DV D UROOHU
g N GLUHFWLR@ J7IGH \ORDIGAHPHQW FRQWU
< =% ",‘_"**_ | 114 DaAws WR WKH FHQWHUOLQH RI WKH EHDP
gl__J . S XSSHU IODQJH DW DWG L VMIRIRPH WRK H
§[f’"ﬂ[ FHQWHUOLQH RI WKH FROXPQ

7TDEHH[KLELWY D FRPSDULVRQ EHW.
JLIXUHMRQQHFWLRQ FRQILIXUDMALRQ XVHG EH Péﬁ'U"LUPHQWD-ﬂDHEPQi@V\LQHW}QOWV

7DEOH
&RPSDULVRQ EHWZHHQ WHVW UHVXOWYV DQC
P A et off 2 WHP (ISHULPH )( URVXOWV
! 40 op B UHVXOW
W e OD[LPXP DSSOLHG
f SRiE'S wsoxss PRPHQW .LSV LQ
o / |~ (AS72 Grs0)
JLIXUBDW A OOXVWUDWH WKH UHODWLR
LN - v URWDWLRBHQ@UBKHOLQH RQ WKH F
RO 7o HI[SHULPHQWDO DQG ILQLWH PRGHOV
END—-PLATE
o_aZe - (as6)
s // S Experimental Results
— 64" v
°
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t
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ORDG KLVWRU\ UHFRP®,QQWKGVES BR6 . .. .
WKH LQWHU VWRU\ GULIW DQJOH K LPSRVYE!RWYWRRHFHNVAVYR Y BMRER ¥RHPWL!
LV FRQWUROOHG DV VKRZQ LQ
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Standard Load History
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Rotation(Rad)
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.L‘J blue: experimental  red:finite element model
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) Q WR6& @ “~5[IXUBHODWLRQ EHWZHHQ WRWDO URWDWLRQ

(ISHULPHQWDO PRGHO
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5HVXOWV VKRZDQIGQ I MIXRENO O XVWUDWHIRYVVLQJ

WKH VSHFLPHQV H[SODLAQAMX MXK KN HF
IRUFHRY D/OKKHH FEB[L@XP VW

YHU\ JRRG DQG SURSHU FRQYHUJHQ Rig tFHV R H X H( PRGW O 7R@GRXWKHEL IR X L

HISHULPHQWDO VSHFLPHQ

ODWHULDO SURSHUWLHYV

WKH PD[LPXP VWUHQJWK |RWFHHRY VDI
IRUFHIXUMKRZYV WKH PRIGHOJ IIRSSO\LQ
SUHWUHVVLQJ IRUFH WR WKH EROWYV

7KH VWWHWYYQ FXUYHV VRRIDUIEHQXIVHBUHV

LQ PRGHOLQJ EDVHG RQ WKH W\SH R}

120

100

| A514 steel

80

A572 steel
Tensile strengtl
1 A440 steel
ms N

0.1

60

Stress (ksi.)

40

0.15
Strain (in./in.)

0.2

YLIX U H WVW OHWVYDLQ S@DJUDP

-

A325 bolts

/—\ AfFIOV’_é grade 1

0.08

Coupon Stress (ksi)

[4)]
o

0.16
Strain (in./in.)
JLIXUMWHHO ERW@WD Y @ WSOV U D P

0.24 032

&RQVLGHUHG VSHFLPHQV
JRXU )( VSHFLPHQVY DUH FRQVLGHUHG

OLOUMN-1.25

ODB: M1_30.011h 4 Tue Aug 26 22:20:37

)LJXUUVIWUSHEFFRBWQ’ 1R
S5HVXOWYV

7KH VRIWZDUH KDV OEHI® FUREQNRU (@
DEVRUSWLRQ GXFWLOLW\ LQLWLDO
DQG ILQDOO\ WXWUWHHMWHAMW) RKBVYHHHQ
DOO F\FOHVY ORUHRYHU WKH PD[LPXF
GLVSODFHPHQMW) HK XD WREWLGHUVUXGCW
DUH DV IROORZV

OD[LPXP WROHUDEOH PRPHQW
8QGHU D VSHFLDO GLVSODFHPHQW D
EHDPQ WKH GLVWD@FHIRP WKH FHQW
WKH FROKPQVROHUDEOH PRPHQWYV DU

YiLkithy

6SHFLPHQ LYRD PRGHO EDBRI@WRQZL WK

KRULJRQWDO DKKDK IHPH QRXU EROV
EROWV WRZHDREOQ® H VWLIIHQHU LV
6SHFLPRQYHUWLFDO D ULURZYJ B EQ WQ
URZ WKHUH DUH WSZRD BVRHO WW/L | 1 1R QHHQ
6SHFLPHQ LYRD PRGHO EDBRGWRQZL
KRULJRQWDO DKKWDK IHPH QRXU EROV
ERWV LQ HDFXODWRAH Y@GIIHQHU LV X
6SHFLRRQYHUWLFDO D UWRZYVJ] BRHQ MQ
URZ WKHUH DUH SOZRVEROWIM | HQH L
ORGHOLQJ FRQGLWLRQV DUH EDVHG

SUMWUHVVLQJ

(LIJKW VSHFLPHQV ZHUH FUHDWHG BIDYBHEDROXPD I 8OHUYEIO WRPHQW

VWUHVVLQJ IRUFH WR WKH EROWYV

19500
19000
18500
18000
17500
17000
16500

19077

17882 17901

17489 I |

Specimen
No.1

Specimen
No.2

Specimen
No.3

Specimen
No.4

avie

IRU DOO

YRSEQ \ VI HFEPBVSYRIDUH EDVHG RQ

7TKHVH UHVXOWYVY H[SODLQ WKDW WKH
*HRIIUH\ / .XODN -RKQ : )LVKHU -RKQ + $ anR¥iP ~GRWWHYSPUIRUPDQFH ZKHQ
&ULWHULD IRU %ROWHG DQG 5LYHWHG -RLQWVKEHMHRIROW DA FgROW DUUDQJHPHQW 7k

*HRIIUH\ / .XODN -RKQ : )LVKHU -RKQ + $ WRNIHN PRRERHQW WRigWKH EHDP WKH
&ULWHULD IRU %$ROWHG DQG 5LYHWHG -RLQWV 6HFRQG HGLWLRQ
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YHUWLFDO DUUDQJHPHQRHRMQWHRY W/RID B [ KMKEH VGV VESM\RUPDQFH LBIWRYH
KRULJRQWDO RRPSQIHLPHQWRGKBOV PRGHOV DQGKDYH DERKXMSURYQMWP LQ

LOOXVWUDWHY WKDW WKH YHUWLFD® FEROWD B O \DAFSFELMHERI I\LKAHK B RW WH @ €
SODWH VWLIIHQHU KDV WKH VDPH UHRXPNW B VDAWRIHK BKHR U LIFRORRISIHRE RURW |
DUUDQJHPHQWS ODIWHK HWQIGIHQHU ,WKPARD DV KRUL]JRQWDO EROWODWID (
FKDQJLQJ W KIH ERQW URWPDIORUL]RQWDW LW R QYHW W PSDEOYHY \DERPOZKQ FKR

LW V SRVVLEOHS®RWR LWW W KHQHIQGD K@D D FKH.UHW H F\I © HE/R DIVWV 0 ISXO\D QMY & MQ. | | |
VDPH UHMXEOMY 1RELVSOD\V WKH UHWPWSWRYHRIDERKPLPHQWKRI KRULJRQWD
PD[LPXP WROHUDEOH PRPHQWV IRUDWEKB QVSRFIOBQWMKULFGURYHY DERXW

ORDGLQJ 2Q VSHFLPHWKHRSMIBNH VWLIIHQHG D
EROW DUUDQJHPHQW PRGHO LW VHH
7DEOH VWVUVLQJ IRUFH KDV QR HIIHFW RQ WK
OD[LPXP PRPHQW .LSV LIQFXQEBORRPHEMFL 7K )| v PD\ EH EHFDXVH Rl WKH VWUHQJ
OPDR[I'ng‘( OPDR[I'ng‘ OPDR[IISZQW &RQVLGHULQJ LQHMHBPW LYW LVMDH VY
ZLwWK| zkLol  zZKLOM GXFWLOLW\ RI DOO VSHFLPHQV F\FOt
1R \WHR Sccol pssol DSSO LOJ $00 VSHFLPHQMVIKBY. H GEHFMFOH E\ F\FO
SUH | SUL L SUH Y I HEW LY H VWLIIQHVY D
1
VWUH| VWUH VWUHVVLQJEHHQ FDOEI®DMMEB VKRZ WKH ILQDO
6SHFLPHQ WZRLQHG GLRS®HDFHPHQW GLDJUDP 1]
1R ORIRWHWDEOHWQGLOOXVWUDWH WKH
VWLIIBHMFWLYH VWLIIQHVV DQG GXF\
6SHFLPHQ WR WKH HQG IRU DOO PRGHOV 7KH L
1R 1R LV GXH WR FRQVLGHUDEOH GHIOH
6SHFLIPHOQ WKLV F\FOH
1R
6SHFLPHQ D s —————————
IR = ane
&0

Spacmen  Spacmen  Specmen  Spacimen

Nol

No2 No3

Nod

Mmax while applying 10% pre-stressing

Magmum Momert

Ductisty= 26629
&0

X
Force
(Kps) 0
20 /
&0

&0

cycle No. 9
i i

@ e
-10 8 5 4 2 0 2 4 6 8 10

Dssplacement (in)

JLIXUHZROLQHG GLDJUDP RI WKH ODVW F\FOH R

JLIXUWD[LPXP PRPHQW XQGHU D VSHFLLIQF GLVSODFPHQW HTXDO WR

&RPSDULQJ WKH UHVXOWWQG&GRIZQZXUMH WDEOH 1R
GHFODUH WKDW RI ZWSSHOBRAW VWUHQJIWK

1R

IRUFH DV VWWUH\BWIHD J

IRUFH WR WKH EROWYV VSHFLPHQ
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80

" K= T 176652
Ke= 16.8819
B0 Ductility= 2.654 i
.../
40+ d
20 i
Force
(Kips) 7
0r / 1
o0k // 3
40F // |
o — Original Diagram
= 7 Half of the cycle |
< cycle No. 9 Two Lined Diagram
80 . . . 1 L T T T

-10 -8 B -4 2 o 2 4 6 8 10
Displacement (in)

JLIXUHZROLQHG GLDJUDP RI WKH ODVW F\FOH RI

80/
| K 7 8944
| Ke= 171126
&0 Ductiey= 26X
Qr
20}
Force “ | /
1 /
(Keps) | /
o}
204
¢
| w—— Qrignal Dsagearn
hd | Half of the cycle
| L~ eycle No. 9 Two Lined Disgram
a0\ A A Nl s A X X X
10 8 6 ] 2 0 2 4 6 8 10

Displacement (n)

JLIXUH7ZRLQHG GLD ODUIDWVRRE\WEH RI WKH VSHFLP

Force
(Kps)

o
v

Ha¥ of the cycle

Two Lieed Diagram

el . . cyclado 9
10 8 6 4 2 0 2 “ 6 8 10
Displacement(in)

JLIXUHZROLQHG GLDJUDP RWKKHVSEBVFWPRFQR RI

7TDEOH
&RPSDULVRQ EHWZHHQ LQLWLDO VWLIIQHVV HI
DOO VSHFLPHQV ZLWKRWWHMVHRW RI EROW SUH

F\FQ

6SHFLH

QLWL
6WLIIQ

(ITHFW
6WLIIQ

'XEFWL

DLW\

1R

1R

1R

VSHFLP
1R

HQ 1R

1R

1R

1R

1R

1R

1R

1R

1R

1R

1R

1R

1R

SHYLHZLQJ WKH YDQOREZW HADKIPDW R RIX J
FKDQJLQJ WKH EROW DUUDQJHPHQW
UHPRYLQJ S\OCHVHQWGWLIITHQHU

WKH GXFWLOLW\ RI

WKH PRGHOV

KDV Ol
LW
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VWLIIQHVYV DQG HRHMWKHY ARGMIONYVQ DWW ERPHDRW L QO

WKH H[WHQW RI WKH WHVWV RQ FXU %Wﬁ%ﬂ%@%%ﬁ%ﬁ%%% v

WKH HITHFW RN WHHVERGW m(me{DPs@ UHVVLQJ IRUFH
LQLWLDO VWLIIQFARY SIUWSHFRRESHFL P HO

LQFUHDVHG E\ DBRXWIIHFWLYH VWLII{F\F{ 6SHFL] ,QLWL] (ITHFW "XFWLOLW\
IQFUHDVHG E\$DEIRRWOXVWUDWHG LQ W CL LR
YHUWLFDO EROW DUUDQJHPHQW KDV E Q
FRPSDUHG ZLWK KRULJRQWDO EROW DU JHPHQW
1R
7DEOH 1R
&RPSDULVRQ EHWZHHQ LQLWLDO VWLIIQHVYV HIIH H VRLIIQHVYVY DQG GXFWLOLW\ RI
DOOLWSHFY ZLWK D SBIOWIKH EROW VWUHQJIJWK IRUH EROW |SUH
VWUHVVLQJ IRUFH
F\FQ 6SHFLR ,QLWLLO (IIHFW| "XFWLOLW\ 1R
6WLIIQ| 6WLIIQ
1R 1R
1R
1R
1R
1R
1R
1R 1R
1R
1R
1R
1R
1R
1R 1R
1R
1R
1R
1R
1R
1R 1R
1R
1R
1R
1R
1R
1R
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&RPSDULVRQ EHWZHMHQOXNBWHW HV W K DBW WY WLD O

VWLIIQHVV DQG HIIHFWLYH VWLIIQHWR®QVWHKWH FRIRGHQN. R WRRXEMHQ XV

HQEODWH VBN LOBE@HURI WKH EROW VW QHW KW KV SHDFLPHI QFRRPSDUHV WKH PD

IRUFH DV WKHWEROW. GUHRUFH LPSUWRYUMYVHXILVWLQJ LQ WKH PRGHOV

SHUIRUPDQFH LPSRIRWHP®BQWSISW\RBJ (QHUJ\ DEVRUSWLRQ

RI WKH EROW VWU HQ JWRNV URIWRH @8W WOKIHWBRD WESBKY VRIWZDUH SDFENLE

IRUFH LW V EHHQ FOHDUHG WKDW HQHWLDDEVRAUS\NHNY KDW EHRM FDO

FKDQJHG EXW HIIHFWLYH VWLIIQHVRUBKREUDEHPHRUWDGEBJUDP  7KH

LPSURYHPHQW FDOFXODWLRQV IRU DOO VSHFLPHQV

&RQVLGHULQJ GXFWLOLW\ VKREV WKDQ \WB E ORUQBEPS ROR

WKH EROW VWUHQJWK VIR U FN VD) JWIKW\FBRSG\O \ ISOH WKH EROMQ SUWKH HQHU

LPSURYHV GXFWLOLW\ E\ DERXW LQ GLIIHUHQW F\FOHV RI DOO PRGHO!
UHVXOWYV RAWERI/W L U HH TR DWW KW RE R C
VWUHQJWK IRUFH D U HDWKR IX i QU MADXE
EROW\BUHNVXRO WVRR WKH EROW VWUH
DUH VKRZQ LQ WDEOH 1R

7DEOH
&RPSDULVRQ EHWZHHQ WKH PD[LPXP VWUHVVHYV LQ WKH VSHFLPHQV .|

OD[LPXP VW OD[LPXP VWUHVV DI WEHRO WSSOV LQ J
WHp | DIWHU DSs
: EROW S
VWUHVVLQ
6SHFLPHQ
1R
6SHFLPHQ
1R
6SHFLPHQ
1R
6SHFLPHQ
1R

7DEOH
(QHUJ\ DEVROUGQVERADHY RI DOO VSHFLPHQV ZLWKRXW \DVWGQSXON\LRURAMKH HITHFW RI
,WH &\F( p c T y o (:,} S(EETD -
9 S]-:F b1 H0%00 0.000 | 0.004 0.026 0.529 27.252 | 290.596 | 686.740 | 1080.370 TiI6AX60I1
£ S]-:F b H0%00 0.000 | 0.001 0.213 0.213 33.226 | 287.520 | 677.277 | 1116.245 TiioXnaili
£ S]-:F b H0%00 0.000 | 0.003 0.026 0.438 40.489 | 284.730 | 737.753 | 1164.650 TioiXoili
9 S]-:F b1 H0%00 0.000 | 0.001 0.013 0.383 36.016 | 310.510 | 706.856 | 1239.880 1T6iXodqi
7DEOH
(QHUJ\ DEVRUSWLRQ LQ DOO F\FRHKXKHRERO®W VSHMH@HOKWRBWHI LIDM WKH EROW SL
,WH &\Fd p c T y o c\j/} EE : c
£ Sl : el ﬁw:%n nnnn mnann | nénHc | ntonT MHICH | ONMNHM | THOOMAD | MMABHICMA TTTiXiAl
P
£ Sl : =L ﬁw:%n nnnn nnnm | nonmn JIOHMA oHfopn | omnnT | Tonlpynm | MHAOtoMA 1T0iXid
P
£ Sl : =L ﬁw:%n nnnn mnann | nonHo niopom OCIMHN | OMHMHC | COTHGGD | mmcneTyn 1i66Xa60Qi
P
£ Sl : =L ﬁw:%n nnnn nonam | nmc | nboHd Mytpon | HOYSTTA | TRHOHYN | MHTACTHA Tii6Xoo0|
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7TDEOH
(QHUJ\ DEVRUSWLRQ LQ DOO F\FRWKHREROW VSHMHPHOWWAEBWK LI WKH EROW SUF
7RWQO
JWH &\F(Q (QHU
6SHFLPHQ
1R
6SHFLPHQ
1R
6SHFLPHQ
1R
6SHFLPHQ
1R
&RQFOXVLRQ $IWHU DSSO\L@WBER/QWJISUH

)( UHVXOWV DQG H[SHULPHQWDO WHYMN GLHQUXOWKY PIBYLHP XP B\ROHU
FRPSDUHG WR H[DPLQH WKH YDOLGLWS DMGQW K¥SFSKW RR OMF W WEH QLWK IRU I
RI WKH RIIHUHG VSHFLPHQ 7KH YWUWVKRYQ@YSIRRPMER D SHUIRUPDQI
FRRUGLQDWLRQ DQGNRRQNBHILHE@HQ \EP®URHUNMHQW VRR FDRXWH H[KQL B\LKAHH G
UHVXOWV LQ DOO VWHSV Rl ORDGLQFDVH RI VSPBEISOHRQJ \E\R (MVEE HV R

KDV QR HITHFW RQ MRLQW SHUIRUPDQ
%HIRUH DSSO\MWUBHRMWQIU H %\ DSSO\LQJ XX WROW VWUHQJIWK |

,Q UHJDUGV WR WRWHKDE CBHHHP@PEQWINU HVVLQJ LW KDV EHHQ REVHUY
WKDW YHUWLFDO EROW DUUDQJHPHEWHRDA YIH BHMLWM EYBWSH M QRIUBPKWHS FIFRL@ H
ZKHQ FRPSDUHG WR WKH KRUL]RQWD®F ERDW ® 8D\ RYPAAG®W QRSEL W K R X W
YDOXH LQ VEMFMAPRXRRUH WKDQ LWV SYODIWH Y@LIIHQHU QR FKDQJHV KDV F
VSHFLPHQV PED@®BSO\LQJ PRUH PRPHQBWWMRUMNMHG VSHFLPHQV GXFWLOL
EHDPWV GHIOHFWLRQ LV OBRVHRNBQ W KK FRHPLCPUHLQY FEQ\AWR) MAKVHH Q RKBHF L P +
FRPSDULQJ VSHREBHQ@OXVWUDWH WKBMIDWEBHQJ WKH PD[LPXP VWUHVV
SHUIRUPDQFH RI WKH VSHFQP H®ROWSE MWK EDFW\E RQ WIEWMH LW V HYLGHC
DUUDQJHPHQW SZLIWKHR XWW HQHQ HU K BR UNKRQ W D @ HE R B WD 3 S 0 DLQIH RBUDWVR
UHVXOWYV DV WKH VSHFLPHQ ZLWK KWRW UHRDMDHG ERW R Q U B BV@RIEFXYD W K H
ZLWKSODGVH VWLIIHQHU VSHFLPHQ VWUHVV LV DFKLHYHG

&RQVLGHULQJ WKH LQLWLDO DQG,QHWHRMMELHH VVHVE L VIRHHRAZR MK XS WRL
GHPRQVWUDWHY WKDW WKH YHUW L FEOROO WR OW UDQU B © EBMHD WAWSBIDIHYEHESY \F
EHWWHU UHVXOWV FRPSDUHG WR KBHGXFQWRQ BEHROVDEBRMIKH QB B PLPXW® VW
HYHQ ZLWEDMQGVWLIIHQHU 'XH WR LHQQYHLDOHVWGE I L@QHWYKHWKROH VSHFLPH
EHWWHU SHUIRUPD@RHG LEXBEWRWHIIHF&®RRSDULQJDOIEBEOBGINVWUDWHY WKD'
VWLIIQHVV LW LV DERXW XS WR Rl EROW VWUHQJWKWRHWVFWLQY

(QHUJ\ DEVRUSWLRQ LQ WKH VSHFIWKHY V SLHOFQ R A\ \BIIRE MAK RVBABLWAVNGHH L Q L V
YHUWLFDO EROW DUUDQJHPHQW LQ WRRBWUYWRWOWZ LMK KR KD\RQWSORY HG
EROW DUUDQJHPHQW VKRZV D EHWWRUS$SHOIRQP XGRWERR&UW VMW HQ JWK |
REYLRXV ZKHQ FRPSDULQYX WSHFLPHEUHWUHVVLQJ WR WK HS\ODNFH PHAQLM | B Q)
7KH SHUIRUPDQFH LPSWPRIYHFNHQWRXQ®LWSKHIFFHUWLFDO EROW DUUDQJHPHQV

PRUH WKDQ SHUIRUPD&FMSDY LOIMAIMPEHIO DQG HIIHFWLYH VWLIIQHVV
VSHFLPHQV ZLWK KRULJRQWDO EROW D WRRIQ/ILHAHLQ\VQ IW\R KHHD VB HHRLRHQV G X
VKRZV WKDW SUHVHQFH RI VWLIIHQHD SLSPE\U R ¥ HVRWWRK 15 HERIRW PDWQBEHQ J W K
E\ DERXWKH LPSURYHG SHUIRUPDQFH WQ MHMLWQUFY® BRKMHWVSHFLPHQV D S
DUUDQJHPH@SIMD ZWWKVWQIIHQHU FRPSDQBGEWRNYLBUWLEREV HIYV I8 HRQ W ER X W
EROW DUUDQJHPSQBWZAH WWRXNWQHUGLY DERXWGLQJ WKH HQHUJ\ DEVRUSWLF

JLQDPRQVLGHULQJ DOO SDUDPHWHUWUBGY G LRRIP BB X BQUHDERDAD XAVWHY HDE R
WDEOHV DQG JUDSKV H[KLELWHG WKDWLFSURNHFPROQER ORNY) DWHK B Q $H R HROWP [
SHUIRUPDQFH LV EHWMNMCHER®KD Q UWVUIDKZ KNRRHRORWD WIRLQW VWUHNBHQJ ROV QR
DQG WKDW V SRVVLEOH WR XVH YHU WIKAD 6 QERMEW SDAULLRIQ B H RASHOVH L\PVG KWHHERHE
RI VWLIIHQHG KRUL]JRQWDO EROW DUUD® Y HFSHOW. Q WER G& VS @MRR W K DAK H
XVLQJISOW@®H VWLIIHQHU LQ WKH YHEWROMD®WERDW VDK URQBHP HYW SRVVLE
SUHVHQWY EHWWHU UHVXOWYV EXW PDLQWDLQ WKH HQHUJ\ DEVRUSW

DEVRUSWLRQ/WIL WHKGHGRYSMFLPHQV 7
IHDLEOH RSWLRQ ERWK HFRQRPLFDOC
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-RXURD®WUXFWXUDO (QJLQHHULQJ DIQ@GWHHRWHFKQLFV

IHUHQFHYV

6XPQH® OD\V : 0XUUDY (QGODWH >@ ODVKDO\O+HZHQWS$ER(O IDWRVPDQ
PRPHQW FRQQHFWLRQV WHVW UHVXOWYV DQG) LIQQIMAH HIDHFPHRW \PRIVOXPEV VRR LB}
YDOLGDWLRQ LQ &RQQHFWLREWHH® 6WH® O VBMHHF WHNXUDHPHY X Q G I$0 H D BG UR D
&RQQHFWLRQV LQ WKH 1HZ OLOOHQQLXP(Q3URFAHGOREY RI WKH

JRXUWK ,QWRURDBRBRQPO®RFWREHU >@ 6SHFLILFDWLRQ IRU 6WWX6E®& XUDO 6WH

SS =+ -XQH
6XPQH® OD\V7 : 0XUUDW &\FOLF >@ $PHULFDQ ,QVWLWXWH RI BWHHO &R(
7HVWLQJ Rl %ROWHZTODMRRHRRQQEBBWLR@WXDO RI 6WHHQCQ /KPEV B QBFWHRDVW
5HVHDUFK G#RS®RUW &(93,67 J)DFWRU 'HVLJQ 6SGHWFU XFAVDXWIR® 8 Wb HO

'"HSDUWPHQW RI &LYLO DQG (QYLURQPNEWP®G MGFLQHHULQJ

9LUJLQLD 3RO\WHFKQLFDWH VBIOL X WHVEWXG DBl )LVKHBWUXLN *XLGH WR 'HVLJ
%ODFNVEXUJ 9% &ULWHULD IRU %ROW H GODNQ @ 15U Y A WHQEF
6XPQIKHS 8QLILHG 'HVLJQ RI ([WHQGHGHRRGG (GLWLRQ

30DWH ORPHQW &RQQHFWLRQV 6XEMHFW WR &\FOLF /RDGLQJ

3K ' 7KHVLV )DFXOW\ Rl WKH 9LUJLQLD 3RO\WHFKQLF ,QVWLWXWH

DQG GQDRWHUVLW\ %ODFNVEXUJ 9% 86$%



