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1. Introduction
7KH ¢SAWLNL +DUERXU 'HYHORSH
LPSURYH PDULWLPH DFFHVV IRU >
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WUDLQLQJ ZDOO EUHDNZDWHUV 3u- =
ZLOO EH WRFOWWH GIDVW RI WKH H[L7
DQB[WHQG RXW WR DSSUR[LPDWHE"
HI[LVWLQJ VKRUWKHGHLQJ WRDSU
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34 *URXQG ,PSURtidtsPHQW 4.1 Armour units
7KH FRQFHSW GHVLJQ SUHVHQWHG UHFRPPHQGDWLRQV
IRU ‘\QDPLF &RPSDFWLRQ '& *URXQG

,PSURYHPHQW DQG JHRWH[WK®H UHLQIRUFHPHQW

GHSWK RI LPSURYHPHQW KDV EHHQ VKRZQ WR EH FULWLFDO
IRU WKH VWUXAWXUHKWWIHLIMPLW\ORDG FDVHYV

DQG LW LV DFNQRZOHGJHG WKDW '& LV RQO\ VXLWDEOH IRU
VRPH VRLO WHNSHMPRUK 7U)DIXUH

ZDV FRPSOSMPABULO\ WR XQGHUVWDQG WKH
VXLWDELOLW\ RI '& IRU WKH VLWH DQG OLNHO\ GHSWKV RI
LPSURYHPHQW QG HQ JWZHHD R Q FH S W

GHVLJQ DOVR LQFRUSRUDWHG D KLJK VWUHQJWK EDVDO
JHRWH[WLOH DQG WKH '& 7ULDO DVVLVWHG LQ
XQGHUVWDQGLQJ WKH SRWHQWLDO IRU GDPDJH WR WKH
JHRWH[WLOH ZKHQ VXEMHFW WR '&

7KH SURSRVHG '& PHWKRG ZDV HIIHFWLYH LQ

GHQVLI\LQJ WKW XIS KUQVWK® WULDO DUHD ZKLFK

DUH ODUJHO\ UHSUHVHQWDWLYH RI WKH WUDLQLQJ ZDOO ZRUNYV
7KH HQHUJ\ OHYHOV DSSOLHG ZHUH GHWHUPLQHG EDVHG

RQ SXEOLVKHG UHODWLRQVKLSY WR DFKLHYH WKH WDUJHW
GHSWK

JLIXUH$ '& WULDO ZDV PRI MWRHBVRA VY WKH
OLNHO\ GHSWK Rl LPSURYHPHQW DQG SRWHQWLDO GDPDJH WR
JHRWH[WLOHV

6LJQLILFDQW GHQVLILFDWLRQ ZDV REVHUYHG LQ WKH VDQGYV
LQ WKH WRS WR P 5HGXFHG OHYHOV RI GHQVLILFDWLRQ
ZHUH VKRZQ WR H[WHQG WR D GHSWK RI DURXQG WR

P ZKLFK LDORARMW WR P5/ ZKHQ '&

LV FRPSOHWHG 3URR WK WUDLQLQJ ZDOOV

7KH WDUJHW LPSURY-HPRMERW BH WK RI

DFKLHYH® EDVDO JHRWH[WLOH UHLQIRUFHPHQW ZDV

DOVR VKRZQ WR EH VLJQLILFDQWO\ GDPDJHG GXULQJ WKH
'& WULDO HYHQ ZLWK D JUDYHO VDQG *FXVKLRQ" DERYH WKH
JHRWH[WLOH %DVHG RQ WKHVH REVHUYDWLRQV IURP WKH
'& 7ULDO LW ZDV FRQFOXGHG WKDW WKH JHRWH[WLOH
UHLQIRUFHPHQW ZRXOG EH UHPRYHG IURP WKH GHVLJQ
DQG DOW HIHQLDWRLY AP MRMHW IV OLQJ

VHOHFWHG WR VX&SOHPHQW WKH

4. Key design considerations

%DVHG RQ WKH LQYHVWLIJDWLRQV FRQGXFWHG DV SDUW RI
WKH GHWDLOHG GIYLQQSRRHWVRI

FKDQJHV ZHUH PDGH WR WKH GHVLJQ 7KH NH\
FRQVLGHUDWLRQV DUH RXWOLQHG EHORZ

\HD
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OD\HU RI SDWWHUQ SODFHG XQLWV WKH HIIHFWLYH
LPSHUPHDEOH FUHVW KHLJKW ZDV DOVR XQNQRZQ DV
GHSHQGLQJ RQ WKH ZDYH DQJOH WKH JDSV EHWZHHQ WKH
+DQEDU FKLPQH\V PD\ DOORZ LQFUHDVHG ZDYH
SHOQHWUDWLRQ DQG RYHUWRSSLQJ

6HYHUDO RYHUWRSSLQJ WHVWV ZHUH FRPSOHWHG LQ WKH
SK\WLFDO PRGHOTH\QUVVIMXEH GRQH ZLWK

ZDYHV SHUSHQGLFXODU WR WKH WUDLQLQJ ZDOOV DQG DW DQ
DQJOH RI GHJUHHV WR WKH ZDOOV 9DULRXV +DQEDU
VL]HV ZHUH WHVWHG XVLQJ D UDQJH RI ZDYH FOLPDWHYV
7KH UHVXOWV VKRZHG WKDW DV H[SHFWHG RYHUWRSSLQJ
UDWHV LQFUHDVHG DV ZDYH FOLPDWHV LQFUHDVHG DQG
FUHVW IUHHERDUGY UHGXFHG GHFUHDVHG DV WKH
+DEDU VL]H DQG OD\HU WKLFNQHVV LQFUHDVHG
DEVRUELQJ PRUH ZDYH HQHUJ\ DQG GHFUHDVHG ZLWK
WKH PRUH DFXWH ZDYH GLUHFWLRQ

\HD
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DJDLQVW ZDYH GRZQ UXVK VXFNLQMHQYDBYG RXWKWKWBRIRLQJ ZDOOV ZKL

DUPRXU LRRFNWKH WRH DUHD FORMHOMW WRVWKBJ ZLWK GDPDJH ZHOO

EUHDNZDWHUV W LV LPSRUWD QWO HYRRKWDV JHRVVFRBKQGHMMG WKH UHVX

SHUVSHFWLYH WKDW WKH LQQHU SPRGWRUWWXMLPBUBRRSURDNHSW QG DGRS

LQ SODFH DV D E X\ WH\M S OVHRV RBKCHY S\HHLILHG URFN VL]H IURP D UDQJH

RI WKH FRQFUMG® N DREPHRRXIWHU WRERPGLWLRQV

LV WR EH RRIGVXMIDGF) RQO\ DUPRXU VWRQH VR WKDW

LQ D ULYHU VFRXU VLWXDWLRQ WKH. VFRMbaG VORSH KDV PRUH

HYHQ DQG FRQWLQXRXV SURWHFW LRQ D\O H\G GHHIWILLURQERIHMKIR R SAWLNL +D|

D ULYHU VFRXU SHUVSHEWLYH UHOLHG RQ WKH FROOHFWLRQ RI VLJ
DGGLWLRQDO GDWD QXPHURXV QXPHL
PRGHOV DQG FRQVWUXFWLRQ WULDOV
ZDV RIWHQ LWHUDWLYH ZLWK UHVXOW
VWUHDPV IHHGLQJ EDFN LQ WR DVV
HOHPHQWY DQG UHVXOWLQJ LQ VLJQLI
GHVLJQ DQG D JUHDWHU FERQILGH
FRQVWUXFWDELOLW\ DQG XOWLPDWH
VWUXFWXUHYV

6. $FNQRZOHGJHPHQWYV .
7KH DXWKRUV DFNQRZOHGJH ¢SAWLNL
7KH %D\ RI 30OHQW\ 5HJLRQDO &RXQFL

HDODQG OL LVWU\ Rl % XVLQHVV | (
JLIXUH([DPSOH RI 3K\ WVLFDO PRGHO W OF\P4t QGLQJ DW&LV S

SHUIRUPDQFH RI D IDOOLQJ URFN DSU%@@(WWF @W QP ROVWUXFWLRQ
DUPRXUDWQRFPQ XQGHUOD\HU > @ GHVLJQ WR OLIH

$SURQV DUH GHVLJQHG WR EH FRQVWUXFWHG WKUHH OD\HUYV
WKLEFN ZLWK WKH H[SHFWDWLRQ WKHWReferghce@sO LQLWLDOO\ IDOO WR
DQ DSSUR[LPPWHWORSH LQ UHNMSHRDY @ WRIHWKDP ( H&RYDOLQJ 1XPHULFDO I
VERU DQG XOWLPDWHO\ IRUP D +3K9VL\F©QSRY)<IQQB@LUIOOLQJ IRU ¢SAWLNL
HIWUHPH VFRXU HYHQW\W ZKELEOHQV By L &Rt ¥ %DODVLDQ &RDVWV ~ 3RUWYV
DQG FRQWLQXRXV SURWHFWLRQ RI W LW URB HIBH TR WPRG N
> @ %ODFND 0 - &DUOH\ - 7 &R[ 5 - DI
)DOOLQJ DSURQ ZLGWKV ZHUH VL]JHG EDAWHGEVRHQW RH WKH XVH RI &RQFL
PD[LPXP SUHGLFWHG ULYHU VFRXU$ZRRXU §QWWWH RRX by aXWwNZ0 WHEBRDVW
GHILQHWKEN QXPHULFDO PRGHOOLQIRPWEG &RRsHYHRPHSURFHHGLQJIV $GF
FDOFXODWLRQV RI SUHGLFWHG VFRX3 sRQG |0 XENOXVPINLBRQYULQI 0DQXDO
EHG OHYHOV RQ WKH VHDZDUG VLGBQRRG KHDGRORPIMVKRDVWDO (QIJLQHHU
WUDLQLQJ ZDOOV 5HVHDUFK &HQWUH :DWHUZD\V ([SHULPH
$UP\ &RUSV RI (QJLQHHU 9LFNVEXUJ 86%
7KH URFN WRH DSDRQ]BGPRXDJ D L;D@\kHs $ &85 &(70(0) &
RI HPSLULURD® X[OO ZLWK WKH DGRSWH
PHWKABR YDU\LQJ GHSHQGLQJ RQ ZDWHU GHSWK $W
KLJKHU ZDWHU OHYHOV ODUJHU ZDYHV FDQ UHDFK WKH
VWUXFWXUH EXW WKH WRH LV VXEPHUJHG DQG ZDYH IRUFHV
DUH UHGXFHG /RZHU ZDWHU OHYHOV DOORZ IRU ZDYH
DFWLRQ WR DFW PRUH GLUHFWO\ RQ WKH WRH KRZHYHU GXH
WR GHSWXKZOLYHWDRQH VPDOOHU $ UDQJH RI ZDWHU
OHYHOV ZDYH KHLJKWV DQG PHWKRGV ZHUH DVVHVVHG
DQG WKH FULWLFDO ZDWHU OHYHO DQG DVVRFLDWHG
PHWKRGRORJ\ XVHG LQ VL]LQJ WKH URFN

5RFN VL]LQJ ZDV YDOLGDWHG ZLWK SK\WLFDO PRGHO
WHVWLQJ DW D UDQJH RIQFDWBUHCGOHYHOV WKLV L
DGGUHVVLQJ FRQFHUQV WKDW HPSLULFDO FDOFXODWLRQV
PD\ XQGHUHVWLPDWH WRH DUPRXU VL]LQJ DW WKH KHDGV
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