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OLD BRIDGES IN NEW TIMES.
Searching for hidden quality

Abstract

0DQ\ EULGJHV LQ 7KH 1HWKH U OHIWGW FDAUG FHBYRAKLWHS JHVLQIYWRERBGQ GHV
FRGHV ZKLFK GR QRW UH MHRFGAD WIK®I\ ' RUDHV H) FRRU WARKYHH D UWRFBIUVMA DN IHG D REGW D
.| WKRVH EULGJHV DUH UH F DWOF )GHDMW HG PREG RV GAIQH\ VRRWRHRIDRIS MURGW | X Q ¢\
RI WKDW WKRVH EULGJHV PWVGLOAWGRI \D\R WZ K/IKFRZ G/HLQQ M Y P& i RXHAOR OMKWH B
KLGGHQ UHVHUYHV LQ EH D ULXDIQMDLI D MKM\V H R \G 1D\ HFVE UMD QW WDV N

&RQVLGHUDWLRQV ZLWIKQ UHJIJDUKGHVOR Y HU YRUIFW KOH. W ZRHGHFOLQLQ

8QWLO TXLWH UHFHQWO\ WMKHcRYWEYY DR/H R LBhRYEQd FDSDFI
FRQFUHWH VWUXFWXUHV zDV RBOR ElpQH EDS® o iWNO\XE QK WK VOOR R @® \
DQG VHUYLFHDELOLW\ ([SHULH8HH RRWKWEBRDIH CWH WRW PHD(
FRUURVLRQ DQG GRXEWIXO FRYEAIMWHKLTKDOWRWO GKEREIPERLGHG
KRZHYHU WKDW GHVLJQ IRU GRUHEOD DWW @k X 0 & VEKHRRR WAKHY SR
VDPH OHYHO DV GHVLJQ IRU VM WIFHGHE HEH uWKEHHSREBY MRQ YK R X(
IXWXUH FRGHV GHVLJQ IRU VHUWKHEYWYKFrWKRROG EHFRPH D
PDMRU GHVLJQ WDVN ,Q WKLV UHVSHFW WKH GHYHORSPHQW RI
D QHZ ORGHO &RGH IRU &RQFUHWAHT¥WOWNM WY UL VT kRN /G g DVVE
QRWHG )LIJXUH VKRZV VFKHPD @RS PR RIY98Sc HD EHKLQG
GHVLJQ IRU VHUYLFH OLIH $W WRH WKHWLHWXBHYODWE&M FWEHWBBK
5 DQG 6 UHSUHVHQW 5HVLVWDBEQ\ &ULGHWHW WEXQONW DQGWKH SHU
IRDG 6 6ROOLFLWDWLRQ )U LOHNEWEWOILWHG\ 7KH GRWWWOHGY RI
OLQH ZLWK XSZDUG WHQGHQF\RX¥ EN VHOWY QVRH. EB¥UNBREHG D
WUDI:LF ORDG LQ WLPH 7DEOH VKRZV D VPDOO VHOHFWLR
W\SHV 7KH DVVHVVPHQW RI WKH
ZDV FDUULHG RXW XQGHU WKH DV
WUDI,F ORDGYV DQG DFWXDO EXLOG
3 FRQFUHWH DQG VWHHO WKHURULJLCGC
RO > XVHG 7KH ODVW FROXPQ LQGDEOH
SRR o 8& YDOXHV ZKHUH 8& VWDQGV IRU
b - -\:‘-\ WKLV DQDO\VLVY WKH VDIHWKH DO XH
- PDWHULDOV DUH UHPRYHG WKH 8&
. EHWZHHQ PD[LPXP ORDG RQ WKH EI
EHDULQJ FDSDFLW\ ,I WKH 8& YDO.
: B iy time WKLV PHDQV WKHRUHWLFDOO\ WKD
ot bervion s LV LQVXI¢(FLHQW 7KH 7DEOH VKRZ\
YDOXHV ,Q DOO FDVHV WKH VKHDU
)LJ SHSUHVHQWDWLRQ RI WKHy RULQILKQUV R §8VYPOXHYVY ZHUH IR

IRU VHUYLFH OLIH GHFNV DQG VROLG VODE EULGJH GH

R,S

residual beanng capacity

B
/

-
mean service |ife -~

10



4 ya
2/" %5,'*(6 ,1 1(: 7,0(6 6HDUFKLQJ IRU KLGGHQ TXDOLW\ StFUtur

Table 1. 5HVXOWV RI TXLFN VFDQV |IR3 HiRiertHodating@dpavities

Bridge numbe Category Yeal UC-Value &RQV_LGHUDWLRQV ZLWSUHM YD Y
( &XOYHUW!| 1996 1.89 and tensile strength
) 7 %HDP GHFIN70 2.43 7KH ¢UVW LQYHVWLJDWLRQV RI
) SESZLS\VOD?SES ‘l‘gi Rl WKH EULGJHV ZHUH FDUULHG
4 eXE 7D\ 1061 | 118 GHVLJQ YDOXHV IRU FRQFUHWH I
* 7 %HDP G HF1959 3.13 ZHUH EXLOW ZLWK FRQFUHWH RI
* 6WUDLJKW VYFDLG28BDDE +RZHYHU DIWHU GD\V WKH VWU
* 6NHZ VRO|L 9% D E3.53 VWLOO LQFUHDVHV VLJQL:{FDQWO

GHFDGHV LV FRQFHUQHG 7HVWYV
IURP WKH EULGJHV VKRZHG HYHQ
VWUHQJIJWK LV LQ WKH TKRQJIHH KLJ
YDOXHV FDQ EH H[SODLQHG E\ WK
SDUWLFOHV XVHG LQ WKRVH HDU
FRDUVH VR WKDW WKH K\GUDWLF
IRU D ORQJ WLPH FDXVLQJ D VXE\
7KH FRPSUHVVLYH VWUHQJWK LV |
QRW WKH PRVW LPSRUWDQW (VSH
VKHDU FDSDFLW\ WKH WHQVLOH V
UROH HVSHFLDOO\ LQ VROLG VOD
< FRQWDLQ VKHDU UHLQIRUFHPHQW
WKH VKHDU FDSDFLW\ LV D GLUHF
)LJ 7 EHDP EULGJH GHF| WKH FRQFUHWH WHQVLOH VWU
FRQFUHWH WHQVLOH VWUHQJWK
REVHUYDWLRQ ZDV PDGH 7HVWYV |
VKRZHG WKDW WKH VSOLWWLQJ W
UDQJH 1ZKMHUHDV WKH D[LDO W
ZDV RQO\ LQ WKH UPLQJH 1 PP
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,Q VSLWH RI WKH DODUPLQJ 8 %% 5 0 70 8 9 100 110
LQVSHFWLRQV GLG QRW VKRZ VL compressive strength [MPa] W K H
H[SHFWDWLRQ RI D VHULRXV ODFN R| P WHRY bRSAFENEGIwk o

2EYLRXVO\ WKHUH LV D VXEVWDQW LOEE Wl hWLEXWIoH EROBLIONH F
FDSDFLW\ ZKLFK PHDQV WKDW VGKMW HUHD.Q HEH R IGQL FDHD FLONQ G +

LV VLIQL¢(¢FDQWO\ ODUJHU WKDQ FDOFRGEWHGLQ7WK Y H HRNJH UL@D ¢

JLIXUH D VHFRQG GHFOLQLQJ Odk U¥ VKR R Yk S UM UBMAR |
WKLV KLJKHU EHDULQJ FDSDFWR v & wikl UL W@ VG oVAWNRE ki J
EHWZHHQ WKH OLQHV UHSUHWHIWOR dWHH & KRG HQ SRRV H Y
FDSDFLW\ ,W LV FOHDU WKDW [ FPFRUHVD DR W i UG ! R Bik G W LoF
RI WKLV UHVHUYH FDSDFLW\ LWy iRY QBN HWk{ At 3R oh MP@IEDio W
VKRXOG EH UHJDUGHG EHIRUH wWiYGhWXDWRY Ho HIFE I WL BER B VRIC
UHWUR(WWLQJ RIWKH EULGIH R WM G LITHUHQFH EHWZHHQ V
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DQG D[LDO WHQVLOH VWUH QU s
FDVWLQJ DQG YLEUDWLQJ R)UWrgr 8. - :
DJJUHJDWH ZDWHU OD\HUVJX)U&J‘m

OHIW (VSHFLDOO\ WKH FRQORE
WR WKLV W\SH RI SKHQRPHQRl
VXSHUSODVWLFL]JHUYV ZHUI—HM\/ZHI

yLJ 'ULOOHG F\OLQGHU ZLWK Y|

7TKH ZHDNHQHG LQWHUIDFHV
SDUWLFOHVY H[SODLQ WKH ORZ

FRQFUHWH 2Q WKH VSOLWWLQ

DUHDV KDYH QR ODUJH LQAXHFlTL I—bcg_Ré/\{oLL D 5SHD
WKH SODQHV ZKHUH FUDFNV DUH H[S G WR GHYH

7KH VDPH KROGV WUXH IRU WKHKFYoMIRE+HUYPRE ELHWLWMKWZHG[
VWUHQJWK ,Q EHDPV DQG Vo DRMNbIROMPE '%}JR}RMY)UGQW FBR/ WY KH

EHQGLQJ FUDFNV RFFXU LQ D tRBWERQROKHHY @'C!!L'l':&@%ﬁw* HIS(
WR WKH D[LV RI JUDYLW\ 6XFKW‘DV@UW@RWV\U®¢%R@W@WH X
E\ WKH ZHDN LQWHUIDFHV 23&6% pRwWHWRY LWROWR @ WAL HGW W L R
IURP EHQGLQJ FUDFNV WR LQFZd)LVQD‘éDVQPrBQ HE UFORAK, DMK WQ@RBGD Q G
PLJKW EH DQ LQAXHQFH Exw WKH\KRYL ﬂzRgQ)W'bQ/vHMHQWWB@@QG
WKDW WKH VKHDU FUDFN LV WHOBMWYHRYELOJRIKHY VI B WHDRE RYAH U
DQJHO ZLWK WKH PHPEHU D[LVW%HLWHLEWLUZ@@HﬁéW(b%kB@/ﬁKRZHY
VKHDU IDLOXUH 7HVWYV KDYHQRERXY IHHHP\HERRW RO WHWEHHQ/ DFN
VWULSV VDZQ IURP ROG EULGFHVRBWVGCHHREOHDBHGKWYLEBR RI W
ZLWK WKH VDPH JHRPHWU\ UHLDRREEHPEHIR DG RROERGHWY GULC
FRPSUHVVLYH VWUHQJWK 7KHWRIMRR WkDA Gv il Gk VAWM KR JW K
LV VLPLODU ZKLFK FRQ¢UPV WRY W RRVD @ HIDWD £ ¥W HAK D AV WYV R
XQGHU WKH FRDUVH DJJUHJDWWYDERVIRM S9/o DAKR AH G Q4R £ihi) D |
UROH ZLWK UHJDUG WR WKH vrf@[&@'%%\uRL&JREVHR@NHRVW@DQKH

Teis TR G T ARTEORINIAE F Wt

FRPSUHVVLRQ VWUHQJWK
7KH UHVXOWV RI WKLV LQYHVV\)iY]bWL \é\S\MHXrErWM'T!z\(J L PRV WC
FRPSDUDEOH ZLWK WKH UHVX0WV R? g b BEOP WS RBRMy MRP i Q
\HDUV DJR DW 78 'HOIW )LIXUUOPE¥YRAIWHQWKH WReWY ERXQG

FDUULHG RXW RQ D VWULS VDZXd §9\R/V§’VL[F(5V\§\OB\HO(%@%GJVHNULS P
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PHWKRG 7KH VODE LV VLPSOL¢{(EBPSWRH\DVIWVNWHPERIDQH DFWL

LQGHSHQGHQW VWULSV WR ZKLFKHSBHWYVIB! MKYROR BGY o/ EH,
DWWULEXWHG 7KH VXP RI WKH FR-HP pb@] RRABBFLWO B HW KAIKAW B §
LV DVVXPHG WR EH HTXDO WR #KH ORDF LWURHWEHFR Y DUDRR

VIVWHP 7KLV PHWKRG Rl GHVLYQaLWRURSRDDBXWRYHVNOMW K FF X
LQ ODUJHU DPRXQWV RI UHLQIRBGHRAPHRW HWIKREQ KL P GRVERQ W C
RQ EDVLV RI WKH WKHRU\ RI HGERGWF @\ ;. B & WOH Ur RZdfW Q LIEX w H
FDVH RI DQ LQYHVWLIDWLRQ R§MHDEHRYLQI BRRBELMWWRRY D& F
H[LVWLQJ VWUXFWXUH WKH TXHR®YW LR Quik\H Y BLOHHS vAD-EWK 1LY tViE
PRVW SUREDEOH UHDO EHDULQXR WMy ¥ DIQF HR RIRE Y H VEERXIQ G w t
PRGHOV DUH QRW WKH DSSURS YR B WERRQ@L V1@ Ay WAHA gIRYH W R
FRQVHUYDWLYH UHVXOWV 3$Q RQWHUY QPN I BY e b W KB X bIG
WKH WKHRU\ RI SODVWLFLW\ LA WKHRWHREFPOCORBRESBPERY G
WKH EHDULQJ FDSDFLW\ RI D QXRRHUQRUNDBYHPRWNK I EGHOY Qi F
LQ RUGHU WR (QG WKH PLQLPX®RQF WXIMFEWVLY RI FRPSUHVVLYH F
$OWKRXJK PHDQZKLOH WKRXVDLKD RUvPKEPRX WAHXYY HRQWKH L
EHDP WASH RI HOHPHQWYV KIDWHEHH @WIPWHG HEH RO DWMH RN G XH
KDUGO\ WHVW UHVXOWV DY DLW &EkQHy RIJE W KidHVKH PRDOR §BFLW H [ s

FROQFHQWUDWHG ORDGY QHDRU WR \VHV
WKH EULGJH EHDULQJ FDSDWLKVD\V\A— restrained load compression G
DSSURSULDWH PRGHV IRU WKLV O deformation strut YH
ZHOFRPH G5RGULJXHV O0OXWWRQL I HG
RXW LQWHUHVWLQJ WHVW\VDMIHW k 1VWL
WKH VKHDU FDSDFLW\ RI W&BHFD( EUL
GHFNV LQ ER[ JLUGHU EULGJHY
FUDFNLQJ SDWWHUQV LQ \AR(II—W)KS—ISHIoa;“"""' -t T T UWYV
VODE 7KH UHVHDUFKHUV GHPRQVW 1iKDYLR
FDQ SULQFLSDOO\ EH GHVFULEHG Z | angor WKHRU
$ FRPSOLFDWLRQ LV KRZHYKHWDWKH - 2V
EHIRUH WKH NLQHPDWLF PRGHO FF e , Q
WKH FDVHV FRQVLGHUHG WKW\ WKF aclion FDSDF
DFFRUGLQJ WR WKH \LHOG E@GQH WK DFK

Botiom

E A

deflection

yLJ &RPSUHVVLYH PHPEUDQH DFWL
DQG LQWHUDFWLRQ EHWZHHQ PHPEUL

$vV D UHVXOW RI WKH GHYHORSPH
DQG DW WKH HGJHV D PHFKDQLVI
VODE WULHV WR H[SDQG LQLWYOWDW
ODWHUDO H[WHQVLRQ LV UHVWUI
IRUPV ZKLFK LV DEOH WR VXVWL

A-A 4 {

({J/f//‘ _L_'f’y—’ 7KH LQFUHDVH RI WKH EHDULQJ

1 WKH GHJUHH RI UHVWUDLQAMXDV$SOU
GHPRQVWUDWHG E\ WHVWV 7RQJ

SXQFKLQJ VKHDU FDSDFLW\ LV F
)LJ (ISHULPHQW LQYHVWLJIDW g KRN LYRX UpRy M, DFW

FRQFHQWUDWHG ORDGY SRG EHWE %‘%@%Gﬂf"gi?@f’g?%‘%ﬁ& ?ﬁéﬁ% J SHF
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LQ WKHVH UHFRPPHQGDWLR Q\B.4FIR&IYddr 0BUpHoNsH YDOXHV DUH

JLYHQ IRU WKH HIIHFW RI FRP S UKL W P it REWRLRD RAWMWHRB BED ULC
FRQVLGHUDEOH VDYLQJV RI UHLQIRMH P HAVK ¥ Y H WEWDLSE B v w
&RQVLGHULQJ FRPSUHVVLYH RHPAFRYRRH ERRURY ROAI\BHE®RWIOQ F
D UHLQIRUFHPHQW UDWLR RI PRERWMH vKLtHulHHHIYVEN hp B DFK M/ \
ZKHUHDV ZLWKRXW FRPSUHVVLYH\AHBENROKOF WKRQ HPIRRXWM. W zD\
LV QHFHVVDU\ WKH GHVLJQ SUDFWLFH LQ FRPELQ
7KH IDFW WKDW XS WR QRZ IRy WKHHPHOWR® RIVEYWCWRR FRQVI
LQ (XURSH FRPSUHVVLYH PHPRKRYF BRWLRSR PAONVK REW WKW ORDG
UHJDUGHG PHDQV WKDW WKHUGgH =R MWHP Ox BsRRAVD 6 8 URERPH FR
UHVLGXDO FDSDFLW\ ZLWK UHJypbXKWRIEH QRHBY DREXYKHRWRZY
JLIXUH VKRZV D WHVW E\ 7D\OBWR @ cFAY ELHEDR X W BHERIQNIAK R X
RQ D EULGJH LQ 1RUG ,UHODQ Ge yikdh ¥ H$ @ RAIFHEPW QWWIHE Vb G v
GHFN ZDV DSSOLHG LQ WKH PpR®@H LR/ DvKhh |GIHF B HDOUP WW WIKH H
7KH ORDGV UHDFKHG YDOXHV RJRpcWLPHW MRHoN MEHURHE VRV R Q H D
YDOXHV FDOFXODWHG ZLWKRXYWSERBGWHVVLYH PHPEUDQH
DFWLRQ ,Q QRQH RI WKH WHYWYX URLEXYKREFFRUMRE YifiF RQ
WHVWYV KDG WR EH VWRSSHG EdiRPHYHQWKSR QL WiLWQRR MK KIHVWORWG
IDFLOLW\ ZDV UHDFKHG 67 ZHUH FDUULHG RXW QHDU WR W
KLQJHG VXSSRUW 7KH WHVWV 67
RXW QHDU WR WKH LQWHUPHGLDWE
PRPHQWY IURP DGMDFHQW VODE ¢}t
WKDW WKH EHDULQJ FDSDFLWLHV |
FRQVLGHUDEO\ KLJKHU WKDQ REWDI
DFFRUGLQJ WR WKH 'XWFK %XLOGLC

Table 2. 7THVWV RQ VODEV ZLWK FRQFHQW
VXSSRUWY FRPSDULVRQ EHWZHHQ WE
REWDLQHG ZLWK "XWFK %XLOGLQJ 5HFR

THVW [IRP, WHVW| NP, 'XWFK &RGH N1
S1T1 954 539
S1T2 1023 533
S1T3 758 491
— S1T4 731 470
EE: |
= S1T5 851 501
|
i S1T6 659 501

,PSURYHPHQW RI WKH UWHODQBEH Q LW
analyses

IQ RUGHU WR ¢QG RXW ZKHWKHU D
EHDULQJ FDSDFLW\ YHU\ RIWHQ QR
FDOFXODWLRQV DUH XVHG )URP

_ 1/)(0 FDOFXODWLRQV LW LV NQRZQ
-[ H |V SDUWLFXODUO\ XVHIXO IRU WK?
- UHVXOWV $V 5HLQKDUGW > @ PHQW
E OHFWXUH DW 78 'HOIW 320HDVXULQ
)LJ THVWV DW 78 '"HOIW RQ VROH G ROP BWRVYXBWMKIEWHGI WRHYHU LW L
FRQFHQWUDWHG ORDGV QHDYWRWEH WVESPFWUWKH EHKDYLRXU DQG

BE®
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EHDULQJ FDSDFLW\ Rl H[LVWLQXHERLGUWMK SURKRIWDSULORRUDQG
DYDLODEOH WHVW GDWD ZKLFK)ERXOH EH KNRHAEG WRAUHFDWOREIUDO RD
JYXUWKHUPRUH XVLQJ QRQOLQ@HIMK WHKH AMSHFXODWLBGY HORSHG
WKHUH LV D ODUJH FKRLFH ZLWK(/DNIDXIBI WHRK HIHXPH QMR DG SGLY 71
HOHPHQW VL]HV FDOFXODW L RJIX LS3H FMHGX WHHW \B Q@I P D MRHXOLD IOF
SDUDPHWHUV $ SRVVLELOLW)\ ,\§RI XMQX¥DH PHK W K R PIEH Q D VELIRGDL \R |
Rl 1/)(0 FDOFXODWLRQV LV WRHPDVUVLRRXVD F® OQERBWLLFRIQD/ DQD(
RQ WHVW UHVXOWY REWDLQHGLRSRWUW DQWUPW VSKR/GRIIRMOW R H GHW V
YLIXUH VKRZV DQ H[DPSOH RQHRUGWMIUQWEUGBYH®RS QHZ UHVE
D EDVLV IRU D UHOLDEOH SUBGLFMWILWRHRI RSKNH PHHKQY IMWRKLY P |
RI SUHVWUHVVHG 7 DQG , EHDPNUWLQLDDW FMBO'FHOOWWLRQV
DQG FDOLEUDWLRQV DUH FDUULHG RXW ZLWK WKH QXPHULFDO
SURJUDPV ',$1% DQG $7(1$ RQ WYORUSR DY LRXU RI

ORQJ SUHVWUHVVHG EHDPV NQRZJ! QUR®GOE WHJIHIW XOUH DR DW\]H
FDOLEUDWLRQ RQ VLPLODU W\SHWRG ¥ HD PVR G H DEHK WWUIHR RO G
Rl ZKLFK LV ZHOO GRFXPHQWHG MKLWU[BRPWHGE WRRLWHQHWIKH DQ
WKH UHOLDELOLW\ RI 1/)(0 SUHGWKWLRHDULQJ FDSDFLW\ LV LQVX
7KH EULGJHV GLVSRVH Rl FRC
FDSDFLW\ ZLWK UHJDUG WR KLJ
DIWHU GHFDGHV RI K\GUDWLRQ |
DFWLRQ EHWWHU UHGLVWULEXW
OHUL¢FDWLRQ RI WKH UHVXOWYV
WKH EDVLV Rl GULOOHG F\OLQG!
XWPRVW FDUH

1RQOLQHDU )(0 PHWKRGV FDQ EI
WR WKH SUHGLFWLRQ RI WKH E

'&m i . “i5E-
i s i e
yLJ 1/)(0 DQDO\VLV RI D EHDP x% Vg@ EJ gw E@gDPV
DV D SDUW RI D UHVHDUEK SURJUD b RlB,DD%LIJﬂRRI C
DQDO\VLYV SURJUDPV IRU SDUWLFX®BE\Wlay\P RCGE Y HPLV?
GHYHORSPHQW VLQFH LW PD\ E
OHDQZKLOH D SUDFWLWLRQHUWRRELRH IRUMXUH OVVHVVPHQW
DQDO\VLV KDV EHHQ DGRSWHG LQ WKH ORGHO &RGH IRU
&RQFUHWH 6WUXFWXUHV > Rgferences
> @ S5RGULIJXHY 9 OXWWRQUDSUJROL"
6FDOH 7THVWV RQ %ULGJH &DQWLOH
/RDGBURFHHWLQWHUQDWLRQDO (E
-XQH 1DSHOV
> @ 2FNOHWVRDROVEHVWY RQ D WKUHH
FRQFUHWH EXLOGLQJ 7K® -SRKDXQRM
(QJLQHHU 2FWREHU 9RO SS
> @ 7RQJ 3 < %D WERPDRUN WL YGH FOH P
DFWLRQ HOKDQFHPHQW L&UW ER LZDJ
'HAHFWLRQ DQG WKH 8OWLPDWH /I
6\WWHPV 63  $&, '"HWURLW S:
> @ 7D\ORU 6 ( 5DQNLQ %ULENHODG
6HUYLFHDELOLW\ RI %ULGJHVHEQ 6C¢

yLJ 3URRI ORDGLQJ RI DQ HI[LVHA FWEHXFIHAIRPOWRXUQDO -DQ )HE
HVSHFLDOO\ LQVWUXPHQWHG *HUPD® ARU-RKPOBWHR HR(Y$HNHQHQ KRU
LQ 7KH 1HWKHUODQGV OHDVXULQJ DQG FDOFXODWLQJ
*RRGE\H VSHHFK 'HOIW 8QLYHUVLW
$QRWKHU ZD\ Rl RSWLPL]LQJ WiHiH HPEHURI QRQOLQHDU
QXPHULFDO SURJUDPV IRU WK#HH @ H OH BERGGH CF R R K OROMELRRYF URIIW H

WKH EHDULQJ FDSDFLW\ RI H[LVWIdLQ/IWERRRSIHNE thCONR WIRPVE L (PH G
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