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"\QDPLF UHVSRQVH FKDUDFWHULVWLFV RI D WRSSOLQJ U
XVLQJIIWHFMKMHQF\ MRLQW DQDO\VLVY PHWKRG D FDVH VW
6LFKXDQ %DVLQ &KLQD

'DQTLQJ 6RIQMR &KMHRX 'RODQ 'X
6WDWH .H\ ODERUDWRU\ RI +\GURVFLHIQBFEWLWQ GWIQUMQAHULQJ RWKLQ
)DEXOW\ RI *HRVFLHQFHV DQG (QYLURGQP & ®®QDYXH QILVOH K HQD GOR
&KLQD
6WDWH .H\ /DERUDWRU\ Rl +\GUDXOLF D Q\ POHRQM \RD I* B RSW M A K Q(IQFID ¢
(QJLQHHULQJ B6LFKXDQ 8QLYHUVLW\ &KHQJGX &KL
6FKRRO Rl (OHFWULFDO (QJLQHHULQJ 6KHQ\DQJ 8QLYHRNL@D RI 7

D&RUUHVSRQGLQJ DXWKRU {PBOO DGGUHVV# FRP = &KHQ

$SEVWUDFW

7KH VGZRHQVLRQDO G\QDPLF DQDO\VLV ZDV XVHBFWRUWWWGFWRH 05\
WRSSOLQJ URFN VORSHUEDYXH®FRQMRLKHV WOLPBIO\VLY PHWKRG XVLOQ
/DJUDQJLDQ $QDO\VLV -BlL R-ROW.R@DD GAZFOPLF DQDO\WHV ZHUH FD
QXPHULFDO PRGHOV 7KH UHVXOWV Rl WKH QX®EUQF D/® BSEDKRLY DQI
WRSRJUDSKLF DQG JHRORJLFDO G\QDPLF DPSOIMXBDDFIHR G\BOREW 7|
DPSOLILFDWLRQ HIIHFW LQ WKH WRSSOLQJ VQRBKH AREHPOSDRY WRH
ZDYH SURSDJDWLRQ FKDUDFWHULVWLFV DQG PDRQUWRDE PQ N LIRIG W
KDYH LPSDFWV RQ WKH G\QDP L%DWHGS R Q V\N KBIR RIMAXPIREEMD\V LV~ WK F

UHODWLRQVKLS EHWZHHQ WKH IUHTXHQF\ RIKADFRIGHDYGZ WK H XEWIDOI
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VWXGEFKHGIHRORIJLFDO VWUXFWXUH KIDWA XHQEBMH BRPISRQHWY VRWY RN KAD KH

DQDO\WHV RI PDUJLQDO VSHFWUXP VKRZ WKDRH WKHTKREBU\EPRIGOR|

VHLVPLF -ZD¥H ORUHRYHU WKH VHLVPLF IDLOXUHVRHRR{D@DWP RI W

GLVFXWRGRIJLFDO VWUXFWXUH GHWHUPLQHYV WKH IHM VP WH | DQ OAXKIHH

WRS WRSSOLQJ SODQH DQG WKH VXUHIFHWKORBNHLW[6DWDW.®R QL W

LQFUHDVH RI VHLVRVFDORDEOQY ADOVVDUIHMWKHU IRUPV JHDGXDOO\ U]

VORSH ERG\

.H\ ZRUGBGNLVPLF UHVSRQVH FKDUDRWEBE\L\DQPDRO\VMWMLPHWRSSOLQJ VC

VWUXFWXUDO SODQH HDUWKTXDNH

,QWURGXFWLRQ

7KH ODQGIRUP RI ZHVWHUQ &KLQD LV PBY QKD YMRXQWPDRKR X/ PDYG

ODQGV/IQAXGHW DGKRX HW D&KHQ HW DPLHOG LQYHVWLIJDWLRQ DIWHU

'HQFKXDQ HDUWKTXDNH VKRZV WKDW-VRLUPERGADZHD SHR §DW B W DR/QD

VORSHV WR D oDQJIJHWHPOHRERWIWWKTXDNH LQYHVWLIDWLRQ DOVR \

PRYHPHQW GLUHFWLRQ RI WKH ODQGVOLGHV WDRRQ@EF GRRVWION UBXODW I

LOQGLFDWLQJ WKDW WKH ZDYHV SURSDIJDWLRQPRYHRBEQYWRQDKDG FORYV

7KH VSDWLDO GLVWULEXWWGDEF N XD 8V OIDANWK DXWNH WKH HDUYV

WKDW VHLVPLF ODQGVOLGHYVY KDYH FHUWDLQ WRSRIJUWSBOF DQG JHR

+XDQJ HW DDQ -XQH WKH ;LQPR YLOODJH SDR®&NVQRIE H&REBXU U |

7KH PDVVLYH ODQGVOLGH LV DIIHFWHGNEV LY KUWDWRIUY HYQL R XY QDN UF

WKH 'LH[L HDUWKTXDNH "HQFKXDQ WHBUMWXNMXBWHDDQG E /XVK
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&KHQ DQG X 7KH LQIOXHQFH RI HDUWKTXDNHY RQ WK WKMELOLW)

DWWHQWLRQ RI PDQ\ VFKRODUV

'LWK WKWHIUIRPQJIJHRORJLFDO DFWLRQ WKHUH ZLOO PBWDQ@QQELVFRQW

HYHQ IRUPV SHQHWUDWLQJ VWUXFWXUDO SODQRGAMEI FEKW DVKH URF

F:X HW DO 7KH GLVFRQWLQXRXV JHRORJLFDO VWUXRWXUH LQ WKF

DQG VWDELOLW\ ORUHRYHU WKH IDLOXUH PRGN¥RROWLRSEWLAY PBI

LQFOXGH WKH IROORZLQJ EHQG WRSSOLUQIQE ORESRGEPPIODQE DQG

% UD\ $OHMDQR HW7RB G\QDPLF IDLOXUH PRGHV RI URFN VORSH

GLVFRQWLQXLW£KRXGH WWISREXWHL\R @ OXH WR WKH UDQGRPQHVV RI HD

DQG WKH FRPSOH[LW\ RI URFN PDVV VWUXBPWEXEHDO/ FOAWHBEXO VW R/ KEH

XQGHUVWRRG +HQFH WKH G\QDPLF VWBE DMOALXEIRHIGURFN VORSH QHH

7LPH GRPDLQ DQDO\VLY LV WKH DQDO\W.ORBHWKRG RKLEGW DVKLH G\

DFFHOHUDWLRQ UHVSRQVH)D®Q WWHDDQ DHONMD ¥ BQ U HRH W 8 U D E

$W SUHVHQW WKH DFFHOHUDWLRQ UHVSRQDH IDAMWXWHGE WWLHEW\RKGD W

WASHV RI VORSH VXFHK BW MRLQRHNG WORREFHH/ ZLWK ZHIRN YW WXFW XUD

DO D E DQG OD\HUPM® WORSKWVQ DGGLWLR@RRDHPXBPIQBEO\VLY FDQ ZH

H[SORUH WKH UHODWLRQVKLS EHWZHHQ VHRQBLE\DDWH FI USRI H

FKDUDFWHULVWYRGY RW VIIIRRWWH DQG *LVAKUIGLHG WKH G\QDPLF UHV

ODZ RIWKIRSWHLQJ WKH )RXULHU VSHFWUXP UHMSR@VIBORI WKH ODU

LQYHVWLIJDWHG WKHRIMRDPWHAUI NORBGWHDQG WKH GDPDJH FKDUDFW

DQEDO\]ILQJ WKH )RXHLHW BOHGWHWWLIDWHG WKH VHLVPLF VWDELOL\

DEDO\V]ILQJ WKH )RXULHU VSHFWUXP UHWFRQUID SKI BDWKWHD \V WHKRIQ Y OHRC
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LQVWDELOLW\ FDXVHG E\ WKH UHVRQD QFHHFE HNG WX WV R B VIHXRHD@O I-UGHV

RI VORSHV KDV DOzZzD\V EHHQ D KRW LVNVN@H 0D B HIWOIORI VHLVPL

XVHG ++7 WR VWXG\ WKH G\QDPLF UHVSRQWMH) R IPB RKROFRNL O ®REG XDDIQEEHY

I[URP WKH SHUVSHFWLYH RI HQ-HUB\T X2KQ FK GRRYIHEG D/MIDNVVWY. FFHR X O G

WKH G\QDPLF UHVSROQHHWDEZCORI BA&RBE ++7 DQG PDUJLQDO VSHFWUX

WKH VHLVPLF IDLOXUH PRGH RI WKH EHGGLQKDQRHANRY ®PDIHYQIEZRKLF

VSHFWUXP SHDN YDOXH FRXOG EHWWHU U HVE® HFWWKKIHWVWOHRLS/H L +RIDH. DI

WKH VHLVPLF ZDYH LV D W\SLFDO UDQGRP IUMHYWE HRKL FFKR B 8 RUQHFGEWLNQ

ORUHRYHU GXH WR WKH KHWHURJHQHLW\PDY® QRK}H GOODRLMWUAKBR

FKDUDFWHULVWLFV RI URFN PDVV DUHK®RXOG XOWNVKRUEROXOION XWXEGIH

FKDUDFWHULVWLFVY RI VORSHV IURP WKH,QSHWEHFWILQY H VRO FIK HW,

WLPHHTXBBEOLWXGH FKDUDFWHULVWLFV RI VHLVPWKHEDWHLW PLW LV C

UHVSRQVH Rl VORSHYXH WMKEBIRWDEY 7KH SUHYLRXV UHVHDUFK RQ

URFN VORSHV IRCERNBVQRQQWORPWLY EXW LIJQRUHV -WKHT XHKTFXHQF\ G

GRPDLQ DQDO\WLY 7KHUHIRUH LQ RUGHUQWRHVRDYH WWKH\D/EREFGIL

WLPHHTXHQF\ MRLQW DQDO\WLY PHWKRG WRRQWHMWHRDWDLFYO O L UM LY

FRPSOH[ URFN VORSHYV

$ WEIRIHHTXHQF\ MRLQW DQDOGWR \PWWEKR® KH \SHUR'PRVFHUHVSRQVH OD

VORSH DV)UKRZFGILPHQVLRQDO G\QDPLF DQDO\VHV DUH SHUIRUPHG

XVLQJ )/$& ' 7KLV ZRUN IRFXVHV RQ UHVHDUWRKE OKGLIH DV¥SEHDPW VY DLV

UHVSRWAVRPDLQ DQDO\VLYV PRGDO DQDO\VLVUHJGHHRROLBU VSHFW

DQDO\VLY DQG PDUJLQDO VSHFWUDOHDRI®DOQRFVLERRDLYKB QMROG WIOW
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LQIOXHQFH RI WRSRJUDSKLF DQG JHRORIJLFBOWRRQBR®/HAQ VZIRQH W

DQDO\WHG ,Q DGGLWLRQ WKLV ZRUN DOVREOWRDDOHUWMKNHQH QB W LF

G\QDPLF FKDUDFWHULVWLFV RI VORSHVY WRHS®QPP VP REHO KXW K IPHPK\

ZHOO

1XPHULFDO PRGHO DQG G\QDPLF DQDO\VHYV

&DVH VWXG\

7KH URFN VORSH LV ORFDWHG LQ WKH KLO@KUGDLRZK HRU H6 IWFKBX DUQL Y3k

VIVWHP JXOOLHV DQG YDOOH\V DUH GH YRHFOLRXHGH @ KEH PRXQGWDW R L QK

DQG YDOOHWUSOKHQNOHYDWLRQ RI WKH VO RAHH LWWEHDWZAHHQ WKH VOR

DUH FRQWLQXRXV ZLWK JHQWOH RFFXUUHODMKDQ® IQRHQKBW ISDN VL

WHFWRQLF VWUHVV GHDG ZHLJKW VWUHVVHDHU\XQERBGRSBHGURKM

UHVHDUFK DUHD LV DW WKH ZHVWHUQ HGJH &KILQYEH 7DHQ UW JH RTOXIDY |

JHRORJLFDO VWUXFWXUH LV PDLQO\ PDQLIRY WO GDXVOW VO UUHV , RIW

QRUWKZHVW RI WKH VORSH DUHD LV WKHQ/AR QQPWRHPRRRWIZIQVIW RRQ W

LV ;LDQWKXQUKH ULYHU IDXOW ]JRQH ERWK RI ZKLFHQLEFHORQIWWR O]

WHFWRQLF JRQHV ZLWK D GLVWDQFH RI FPRPDI® WKBQV P LNP| DXFROPVW R B H

GLVWULEXWHG QHDU WKH VORSH

7KH VORSH ZLWK ZHDN VWUXFWXUDO SOD@H LDV JIWBRAW QW PRDR@J 7

PLFURRPRUSKRORJ\ RI VORSHOWOHVWBRSHVOR®H WKH XSSHU SODW

GHYHORSHG 7KH LQWHUEHGGHG VLOW\ PXGYWRQH DRQGWBHJIJLOODFI

TXDWHUQDU\ UHVL®XIMELWKWN MKRWEA DQG VHFRQG OLWKRORJLF P!
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JRUPDWLRQ RI /RZHU &UHWDFHRXV DUH PDL@GH QW RYHGO RYH WKKTHV \

PXOWLOD\HU ZHDN EHGGLQJ VWUXFWXUDO XOUDQHYO MERH QWVGEHYBOIR!

RQ WKH FRQWDFW VXUIDFH EHWZHHQ DUJLCGHO D/KHHR XM D\WL Y WWU X DWW B V [

SODQH LV GLVWULEXWHG LQ D JRQDO FRPWQLKXWRRY ADBORUDWRUWKH

WHVWYV ZHUH SHUIRUPHG WR REWDLQ WKH CPHHFEBRRB B OQS DW R P\ MVHH |

JHRORJLFDO VWUXFWXUH W\SH RI WKH VORSHVLW!IKRHS OHR®MREIIDAD O |

VKRZQLU@

IXPHULFDO PRGHO

The rock mass of the model is elastoplastic material, and the Mohr-coulombttsteeiterion is

adopted. The calculated boundary of the model is as follows: the lengthheofoot of the slope to

the right boundary is twice the length of the slope, the length fie top of the slope to the left

boundary is twice the height of the slope, and the height from ttte tbp bottom of the slope is twice

the height of the slope. The boundary range meets the requirementutstiman accuracy under static

and dynamic conditionsX( et al. 2003 Model 1 (homogeneous slope) and Model 2 (toppling slope)

were established, and the two numerical mesh models are shégn & whose size is 8@&¥0m. To

reduce the difficulty of simulation, the structural planes were siiegliinto a weak band with the

depth of 0.2 m A quadrilateral grid with a side length of 0.5 m was used to investigate the

characteristics of the model. The model consists of 30,729 surfaie efements and 32,202 mesh

nodes. FLAC is used as solver for dynamic analysis using its transigarhiays simulation capability.

The damping in dynamic analysis module includes Rayleigh damfuogl damping and viscous
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damping. Local damping converges by changing the mass ddgsnor structural elements in the

vibration period. Local damping is used in the model.

In dynamic analysis, model boundary processing is a key tedydloproper boundary will lead to

wave reflection and refraction, which will seriously affect the result oadyo analysis. Apparently,

the amplitude of seismic wave propagating in the model is closely relategjt@cy, structural plane

type and thicknesd_éngston et al. 20Q9In the finite element numerical calculation, it is one of the

common methods to use the model with linear elasticity or complex dissipdtéoacteristics to

simulate the structural plane. In this model, the discontinuity is simulatadsa material rigidly

connected with the rock mass, and the selection of the thickndéiss discontinuity is more critical.

The range of the discontinuity should be greater than the wavel@mgtithe thickness should be less

than the wavelength.

For the dynamic response analysis of a semi-infinite space bolyaswa slope, the boundary problem

which actually tends to infinity must be dealt with. FLAC provides statimdary (viscous boundary)

and free field boundary in the numerical simulation calculation,. The reselgjestt in this work is a

rock slope, whose foundation modulus is large and can be caetidera rigid foundation. Therefore,

static boundary conditions are not required at the bottom of the modefreEhfield boundary is set

around the model, so that the side boundary of the main grid is cowmitihetthe free field grid through

dampers. The unbalanced force of the free field grid is applied to tineldoguof the main grid. Since

the free field boundary provides the same effect as the infinite field, erdisurface wave will not

distort. The boundary conditions are set as showxign3b. In order to study the dynamic response of

the slope, some monitoring points are set up in the model. The roskisrelastoplastic material, and

the Mohr-coulomb strength criterion is adopted. The boundary is free bmlthdary and local
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damping is adopted. The damping coefficient is 0.156. Static calculation evéeenped before

dynamic calculationZheng et al. 2002 In order to eliminate the adverse effect of the dead weight of

the slope, stress balance should be carried out before the numerical simulation.

7ZR ORDGLQJ GLUHFWLRQV RI :HQHRFKXPEE LOHMWKIRQOWNWH ZHWYH D S SUKLHH C

ERWWRP ERXQGDU\ RI WKH PRGHO DQGYWKMHMQBRJRMMIIRIQ & 8§ g F WWDEPR

VKRZQLUQ 7KH :HQFKXDQ (PUWHKHFRDBSN ZHDWXGMNFIRYGH@VX Rl &KLQD

7KH GRPLQDQW IUHTXHQPRN ZDMH IDWG ~ FHF WR F-GHHB\WM B GMIQPW

DFFHOHUDWLRQ LQSXWV DW WKH ERWWRP Rl WXH. @ ORKSH GUQWLRQF K|

FDOFXODWLRQV

$QDO\WLV RI WLPH GRPDLQ

7R DQDO\H WKH LQIOXHQFH RI ZHDN VWUXK®XDB® FHSWOD/AOH RQ WRHN L

LQSXW :( ZDYH[ GLUHEQLRQ DV H[DPSOHV WKH DFFHOHUDWLRQ GL

WLPHV zZDV H[WUDFWHG 7KH DFFHOHUDW KRQZ @G LYW UWEKIMY REH R1 WK

IRXQG WKDW ZDYHV PDLQO\ SURSDJDWHWWEAR QVRNK KH O/RSHRY XANUK B FHC

FRPSDULQDDORB/WKH DFFHOHUDWLRQ GLVWULEXWRNR Y GCRKO N KXPWHUL V)

REYLRXV FKDQJHV $Q REYLRXV FKDQJH SKK WH GH\VIRWU MKAH ZF-HDN E3D |

7KH ORFDO PDJQLILFDWLRQ DPSOLILFDWLRQ HIITHFRMW R IL /&EHF BDAMREB 8 O L

WKDW WKH ZHDN VWU KHNWRSDJ 5W DRYG iK DHAINFMGIWLVWLFY RI VHLVPL

7KLV LV EHFDXVH WKH H[LVWHQFH RI ZHINVWHUGAWXYURQ SOBRWW BK

ZDYHV ZKHQ ZDYH SURSDJDWHYV LQ WKH URPNXEBVSRVYIRWWROQW NBIUV

ZHDN SODQHV DQG IXUWKHU UHVXOWY LQ DQ ORFDO DPSOLILFDWLRC
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$FFHOHUDWLRQ WLPH KLVWRU\ LV WKH FRUH IS RJUDWPHRASHHY WR WEHHW Y

GRPD)IDXHW DO DThe PGA(SHDN JURXQG) UDHFEBHWMWLKRH) VWURQJIHVW U

WKH ZKROH DFFHOWWRW\.L Q@ GVUMHHOHFWY WKH PD[LPXP VHLVPLF LQ

SRVLWLRQ LQ WkH NMORKYHG7WHR ®QDO\]|H WKH DFFHQHUNMWLRQ UHV

LQWURGXFHG WR GHILQH WKH UDWLR Ri B IUWHD\DO RSRH. QWR HL Q SR K & W

O3*s ZKLFK UHSUHVHQWY DFFHOHUDWLRQ PDJ®@LBIFAD/OL R QDLW ROU ISRL

SRLQWV $ § DQG $ RI WKH VO RSKH VX Wi B Rt GRWKDLW MRBBUA\M M CD QDG

JRXULHU VSHFWUD FXUYPBPQ ®UKH VWK WU RVIOH WZR PRGHOV ZLWK Ut

HOHYDWLRQ DPWH VKRZGHO@ W LKH UHIOHYDWILR Q@QYKH UDWLR RI KHLJKW |

WKH KHLRKWKH PRGHOHUOKHWR WKH KHLJKW IURR OWKKRER WWKPRVR I W

WKH:s0RI WKH ORGHO LQFUHDVHYVY ZLWK WKH UHODOW. YWKHOHRFOPWLRQ

WKH VORSHppMKHHODSSUR[LPDWH DQG ZKHDQA@RISKW WHRQRLF ZL

UHVSHFWLYHO\ 7KLV VKRZV WKDW WKH DFBHOHYPWHIRVH D FZ3 OUK L WD

HOHYDWLRQ DQG D/WPKB HWORVEHR RDPVSOLILER VRILRWKHIMR®S OlKHI OO R !

LQFUHDVHYVY ZLWK WKH HOHYDWLRQ DV ZHOO LQGLFOWLRDWLRMW WK

HITHFW E +RZHYHU FRPSIDUHEB WK% RI WKH KRPRIJHQHRXV VORSH V

OLQHDU LQFUHDVLQJ WUHQG ZLWK HOHYDWLRQVLRQH UFOQ WZ R RMD M

LQFUHDVH LQGLFDWLQJ WKDW WKH ZHD K IMLEXFEM)QUDIOFBWDRRE KDYF

WKH PRGHO 7KLV LV EHFDXVH ZHDN VWUXRWXYXRPA BOBQHD QD XWKI

UHIUDFWLRQ DQG UHIOHFWLRQ HIIHFWV REQCDQHYV ZKSFHDOHOQ BN UWWR K

QRQOLQHDU YDULDWLRQ FKDUDFWHULVWLFM:-RDWPWRHIVOIRG HRWOXH | OH

LV VLIQLILFDQWO\ ODUJHU WKDQ WKDW LDQW DGWHL Y\(KHLVORSWH DV X O1H MF
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HITHFW RQ WKH VXUIDFHR IO MKHRWIRG SWIK@IOVORSH LV DSSUR[LPDWH

KRPRIJIHQHRXYVY VORSH ZKLFK LQGLFDWHY WRDY¥Y MAID FZHEFD W WWRIX FHWIX

WKH VORSH ,Q DGGLWLRQ Ll IV KW KR IR DHBHR KR MLQRQW DO VHLVPL

LV DERXW WLPHYVY WKDW XQGHU YHUWLFDOQLYHLEBWHKIRER-ORUFH ZKLOI

ZKHQ LQSXW VHLPGPULFHEWLHRWY LY DERXW WLPHV}GKHRFMWAISOQN VHL

7KLY LQGLFDWHYV WKDW WKH GLUHFWLRQW BP IVH UWHR/LSR B MH VR D W KRIQV k

LQ b ODUJH GHJUHH DQG WKH DFFHOHUDWLR @ DINAS G L FIL ADDWLIRRX H1V

JUHDWHU

,Q DGGMWERQ EH VHHQ WRPWLWXKWHDFFHOHUDWLRQ DPSOLILFDWL

WKH PRGHO WHVW LV VLPLODU WRDWKH Q@XRHKLFQP®LNFDRHOI/DWKR!

QXPHULFDO FDOFXODWLRQ UHVXOW LV UHOLDEOHRN WKHRUWK

VLIH DQG SK\WLFDO DQG PHFKDQLFDO SDUDPHWHUV RI WKH URFN

RULJLQDO VORSH EXW LQ WKH VKDNLQJ WDEOH WHVW WKH SK\\

DUH FDOFXODWHG DFFRUGLQJ WR WKH VLPLODULW\ UDWLR 7KH

KDV D FHUWDLQ VL]H HIIHFW FRPSDUHG ZLWK WKH RULJLQDO V

PRGHO WKHUH DUH VRPH GLIITHUHQFHV LQ WKH DGKHVLRQ EHMW

VWUXFWXUDO SODQH ZKLFK LV GLIIHUHQW IURP WWHKHULJLQDC

GLITHUHQFH EHWZHHQ WKH QXPHULFDO UHVXOWY DQG WKH VKD

QXPHULFDO UHVXOWY DQG H[SHULPHQWDO UHVXOWMRB® EHWWH

DQG WKH DQDO\WLY UHVXOWYV RI ERWK FRQILUP HDFK RWKHU

$QDO\VLV RIWURFAXGIREDLQ
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BULQFLSOH RIWMKPHH IGRFRHQMQDO\VLYV

7KH IUHTXRIRIFLQ DQDO\VLY PDLQO\ LQFOXGHYV WKW UPRFRG DQDIOQB DYV LYV
XVLQJ ))7 7KH SULQFLSOHV RI ))7 DQG PRGDO DQDO\VLY DUH DV IRO
ORGDO DQDO\VLV KDV EHFRPH D ED@RP MM\G H @D@NGIMP DRQW HTXHQF\
FDQ UHYHDO WKH QDWXUDO IUHTXHQF\ D®G LFVE WDKML BOQP R G RH \WSF
RI VORSHV LQ HODVWLF GRPDLQ E\ XVLQR® RGFXDWLERIO RIL W K HK ARE
pQDO\VLY LV pHporoerzyM] [K]U T 0 :KHUB "DQ6 NDUH WKH
GLVSODFHPHQW DQG DFFHOHUDA@V IDRY@ YBHFW RUK\H  RIBIW\S HFPAIDMLLY IH OD QS
PDWUL[ RI WKH PRGHO UHVSHFWLYHO\ 7KH FRURIWRZYGLQJ FK
[M]- Z2M] U "0 :KHUH &LKHBAMK QDWXUDO FLUFXODU IUHTXHIQF\ 7KHQ W
L\DV |RopR_2£5/ 7KH HLJHQYHFWRU FRUUHVSRBQ &KQF KV R HBKIHH AHL Q MVQ/Y W ¢
YLEUDWLRQ PRGH DW WK QNVNWIRUDOK I QRTWHQIFWKDW WKH ORZ RUGH
FRQWURO HIIHFW RQ WKH G\QDPLF FKDUMNRMHRUMWLEVPRIG V& HD @ RO
RQO\ WKH ILUVW IHZ PRGHVY DQG PRGHW\DXN H®R QAR GIQDDG] H, V PG IL
UHVSRQVH RI URFN DQG VRLO PDVV ZHKLTFH BB Q AROPHBIRWQVG\H ®W V1N J ¢
))7 FDQ TXLENO\ LGHQWLI\ WKH PDLQ FR P® R/QHBM T XLIF WG H | VO WHIUH
ZKLFK KDV EHFRPH D FRPPRQ PHWKRG W R KGHPDWK PO WiHEDPLA[3DWN

f .
3 Xte 128 gt

F(a
IRU ))7 LV DV $KRPHEGR D\Q G 5DF§) KHUH DWKIHY WKH

DFFHOHNVUDAHLRIQVW R U\

‘\QDPLF UHVSRQVH FKDUDFWHULVWLFYV

7KH PRGDO DQDO\VLV UHVXOWVYLRV-WKH\W RO 8 O0BH DyHH QRIRRP LQ
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QDWXUDO IUKRTXMWKHMOWRSHY LQFUHDVH ZUVWRK WKH RRGHIQ 7IKWHHILUV\

DQG +] UHVSHFWLYH®\ WKH MRREBHOLSRIQGARIH DUH

DQG +] UHVSHFWLYHO\ 7KH QDW XU DMK DUH WXHDWF \RR WWKHOBRBE O

LV GXH WR WKDW WKH WRSSOLQJ VORSH FR QWD IWXH P W LGH\HYV VRN UN

URFN PDVV 7KLV VXJIJHVWV WKDW WKH V\WQXKFWXUDKOH SFORDGHO D | WHRE

FHUWDLQ H[WHR®WG WX)HHHUYV WKH UHODWLYH GLVSODFHPHQW RI W|

PRGH RI YLEUDWDRR®VKR®VWKDW WKH ILUVW IRXU PRGHV RI WKH OR(

ORGHO DV D ZKROH GRZYUYWKH WWHI XFWXUDO VXUIDFH RI WKH ORG]|

GLVWULEXWLRQ ZLWK D FHUWDLQ SKDVH VKIDIWHFAKVY FKKIHQ G L& D MLHV

UHVSRQVH RI URFNDRBWKRQZA WWBEHWR WWHKH ORGHO LV ODUJHU WKDQ

ORGHO DW WKH VDPH RUGHU LQ SDUWLFXODUWKHKHKN KKRIKMUDRHG!

GLITHUHQW 7KLV LV EHFDXVH WKH VORSH GBFRYVPDAMKHR ® RGO HQ

FKDUDFWHULVWLFV Rl GLIIB UWRHQWK R W®HRWBWH \LIKQFED MOKVCHY WKWK WKH Vi

ZKROH VXJIJHVWLQJ WKDW WKH VORSHYV KIHFHV D Q (RE Y DR YA BH\WH WDRV G

RQ WKH VORSH FUHVW QQRUAH\RRY WKRYL WKDW XQGHU WKH8DPH HOHYD

RI WKH VORSH VXUIDFH LV VLJQLILFDQBREGVEDBKHIW WKB QOW K DAV WK \

WLEBRPDLQ UHVXOWYV

,Q DGGLWLRQ WKH G\QDPLF UHVSRQVEKWRIQW KR XMMORISUH VISH FXAUIKKH D QL

)L VKRZV WKDW WKH KRPRJHQHRXV VO®BW VUHRPSHRGEHWRK W KU HH

WRSSOLQJ VORSH RZQV IRXUISUHGRPYQDIWVIRH TWKIDFSUHYGRPLQD QW

DUH VLPLODU ZLWK WKH PRGDO DQDO\RGYO)RRWDICH Y LWS IIKFOWUKHRU DEHDV

WHKHHRI WKH VORSHV &RPSDULQJ WKH )RXULHUWVWOSRREBHVREPFRI WKH VC
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LQGLFDWHY WKDW VWUXFWXUDO SODQHV KPWHTXREFLRKRVY PDJQQ W ¥
RI ZDYHV )DQWGVKRZ WKDW WKH 3)6$% Rl WKH VORSHV LQFUHDVHV ZL
QDWXUDO IUHTXHQFLHV DQG FRPSDUHG ZLW K/ KK N ORISH 3/)%$ I BFH Q
VLIQLILFDQWO\ ODUJHU LQGLFDWLQJ WKDW XWKBIFHORBSH KID ¥ DRAELYR.®
HIITHEFW ZKLFK LV FRQVLVWHQW ZLWK @ KBRLGIRYHALVLWHFXQ VEW U R XWQ
WKH 3)6$ RI WKH ORGHO LV DSSUR[LPDWHKO\ 3)6%/ RPHMKBVKDW RI| WK
VKRZV D OLQHDU LQFUHDVD@YWREQY® IRQOHQHIOMW. QFUHDVLQJ WUH
VXJIJHVWLQJ WKDW VWUXFEWXUBG® XHDFQ H FOR BHRFMQ WY WIK BDRIHK LQ D
7KHUHIRUH PRGDO DQDO\VLV DQG )RXU L HWWAkH - QXORV DRODK I & VE FiD)

WKH IUHTXHQF\ FRPSRQHQWYV RI ZDYHVY D% WKH DPSOLILFDWLRQ HII

$QDO\VLVIRH TWIHRH\ GRPDLQ

3ULQFLSOHIBHTWHQPLBRPDLQ DQDO\VLV
++7 PHWKRG WKDW LV S URSFOWHICR QURXDYRIE BTN M@&QF PHWKRG LV
PDLQO\ FRPSRVHG RI HPSLULFDO PRGH GHFRBWRVSWEWRQ X P0D QEHONK
+6$ ZKLFK SURYLGHV D IHDVLEOH WRRO IR G LIVGAHUWDNE RIWH GRIQHD U W K T )

D %\ XVLQJ WKH (0' WKH VHLVPLF ZDYH LV \GHFRRGRVIK® L\QMRRQ D

,0)V 7KH IORZFKDUW IRU (0' PSISURKWIFRILVIKKRZA@ERBUWVVSHFWUXP

n .
DV IROHRZY Re:aj(t)e'sz"“’dt ++7 PDUJLQDO VSHFWUXP LV GHILQHG DV
i1

.
+LOEHUW +XDQJ VSHFWUXP RQ WKI—h(\AZ}LPOBH[Q[Z_t)dt ZIKKAK ALD/U DIVQIRAD OR Z )\
VSHFWUXP FDQ VKRZ WKH DFFXPXODWLRQ RI(Y,Y\DPGOWW Q& B QHR XA\

I[UHTXHQF\ KDV D FHUWDLQ DPRXQW RI HQHWKHYH D®NFXDXD/DNYKDRK
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I[UHTXHQFLHVY WKH WRWDO HQHUJ\ FRUUWKRDVOR YGCI@QDOWRD Y KBH |BBIO KX

WKDW LV WKH PDUJLQDO VSHFWUXP DPSOLWXGH 06%

'\QDPLF UHVSRQVH FKDUDFWHULVWLFYV

7KH PDUJLQDO VSHFWUXP VKRZV WKH HQHUJDOQGL WKUHIL ERQRWWRQ VRD QW

VSHFWUXP FDQ UWDOMFQW WKBUWEWHULVWLFV RI WKH VHLVPLF ZDYF

YDULDWLRQ RI PDUJLQDO VSHFWUDO DPSOLWXGHH WKH\SHREG DEIIBD W L

GHWHUPLQHG 7DNLQJ WKH DFFHOHUDWLRQ/WREH BERVM{RBPS BH S RIKMPW

IRXU ,0)V DQG LQVW B QDWHQRRWY LQHEXENQ)L'J DVKWIQR ZMKHQPDUJLQD O

VSHFWUXP RI WKH ,0)V FDQ EH REWDLQHB)EVY XVWRHB B+7S BIMVKIBG RH

,0) LV ODUJHU DQG LWV IUHTXHQF\ FRPAPRQHQWVRVLBXPBKVUILFIERUZF

,0) WR JHW WKH PDUJLQDO VSHFWUXP 7KHWGRLYSMFWURRGHONV\I

VKRZQLUQ 7KH SHDN RI PDUJLQDO VSHFWUXP DPSOHW)XGH H3R6$ LV I

- +] 7KLV IUHTXHQF\ EDQGCRY WKALO®&GHWR VR WKH VHLVPLF ZDYH

I[UHTXHQF\ EDQG LV PRUH VXLWDEOH IRRLUDQWE YL QW WKHRG \\QDOPEH UH

,Q DGGLWLRQ WKH 306%$ RI WKH KRPRJHBER XU VIR WRISISOKRIQ/ OR St

7KH 306% RI WKH VORSHYVY LQFUHDVHYV ZLWK WKHWIQH WHIRGHH R/IX K OMHFHD

ODUJHU WKDQ WKDW RI WKH LQWHUQDO VGBRISM X U KDLA/H SIX® @ RPOHHYRDQWV

PDJQLI\ WKH HQHUJ\ SURSDJDWLRQ RI VHHR\PHE 2DKRIZ Y QNVE R UMKDH. Q

306§ ZKHQ LQSXWGAWHFWORQ LV VLIQLILFDQXWGH O HWRWU W RV BVXK HV B0

ORDGLQJ 7[KIHV3DERXW WLPHVY QVWEW RRPBREBEQHRXV VBRSH DQG W

WKH WRSSOLQJ VORSH LV DSSUR[[PDRALWOLNQ G L MDVPHY WKDW WKBO0G & U
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ZDYH KDV LQIOXHQFH RQ WKH HQHUJG SWKRSDBBRWRRIOQFR D VIHRLY®IL A ZIDW

ZKHQ LQSXW&HAXDMFWQRQ LV ODUJHU ,W FDQ EH DOVRAORIRGAWKDW \

DERXW WLPHV WKDW RI WKH KRPRJHYMRXMWRBEBE SKDRLYHVRRIYL

SURSDJDWLRQ HQHUJ\ RI VHLVPLF ZDYDHPLBR URV¥ S RRDARY R 7 KVHUHH VROURES H\

LQYHVWLIJDWHG-EDR A G EH UMBHHEWILHTHX HQ FN KGR WD IP®I

$QDO\WLV RI G\QDPLF IDLOXUH PHFKDQLVP RI WKH VORSHYV

7DNLQJ WKH LQSXW LQ GLBB¥WLRQ DWVQDQ H[DPSOH WKH VWUHVV GL

VORSH LV MKIRZQJILQVKRZV WKDW WKH PD[LPXP VWUHVYVY RFFXUV LQ

SKHQRPHQRQ VXJIJHVW WKDW WKH VXUIDFH \DORI®PH DQLGWA R W WMWVR B/RR &

VWUXFWXUDO SODQH DUH WKH SRWHQW LDQFVGIP$ §WURD FHK H KD RRIQ

GLIIHUHQW JURXQG PRWLRQ LQWHADRYLEH IRXQREADW WKH VKHDU VW

WKH URFN LV PXFK VPDOOHU WKDQ WK DWVIK®@ W KNHK M WWXKUFXAFXNXOUCD S O9X

WKH SRWHQWLDO VOLS VXUIDFHV

7KH WUPMH XHQF\ MRLQW DQDO\VLV VKRZV WKDRWS WRKFHH VY QH W LRDIWWR §

WRSSOLQJ ODQGVOLGH FDQ EH VXPPDULIH®RWHMQRDWREV KB QWKHKHYV.

VWUDLQ LQFUHPHQW RI WKH WRSPRVWLWKUXKWXW DDL®XU H FIHU VW UG

WKH VORBEH FUBNMWMQ LAKMQ J ODUJHU VKHDU VWUDLQ LQFUHPHQWYV

WRSPRVW VWUNMXREWXEDQGVEKEODIQH VHLVPLF LQWHQVLW\ LQEUHDVLQJ WI

VWUDLQ LQFUHPHQW FRQWLQXHV WR H[SD QW KLDQNWKKHOREZ PIJ M DU}

WKH VORSH HIWHQGY WR WKH ORZHU SDKHVNGRIPW KH & ORSHHY V7 IRL WWIK®ID

DUH FRQVLVWHQW ZLWK WKH UHMXOWM GHWVRB MKHDWH.IRU MVDWRH Wt
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EHGGLQJ SODQHYVY KDYH D JUHDW LPSDFW RAKIGAKP D UHH PAHKEK CE@IMW/HPQ RV

VOLGLQJ VXUIDFHV &UDFN ILUVW DSSHDU SIQL WKW\ W R § 8 RAW \DW H X FLV

WKH LQFUHDVH RI JURXQG PRWLRQ LRPVWEWLYSS WKW ROALEBHYR®BIHH \

SODQHYV

&RQFOXVLRQV

7KH QXPHULFDO G\QDPLF DQDO\WVLV PHWKRG/HWXWKEH WHR S/S\OLG\I W

7LPERPDLQ DQDO\VLV FDQ GLUHFWO\ DQG SRUQHNCH. FELK@RUDLFON HUH. NOMLEFA

VORSH )UGRRER®\DQDO\VLV FDQ FODULI\ WKH UHOPRQAHR@OW KRGGEH W Z

VORSH G\QDPLF UINWIROQK\ DLPMHO\VLY FDQ UHYHDO WKH G\QDPLF U

HQHEBDWHG SHUVSHFWLYH 7KH IROORZLQJ FRQFOXVLRQV FDQ EH GULIL

7KH UHVXOIWWM TRKHQEPHW RLQW DQDO\WLYV VKRZ WKD3RWKMHSWIRFSSOLQJ

DQRG JHRORJLFDO G\QDPLF DPSOLILFDWLRQ HIIHRWMYV 7KIHW & \Q/XPMLF D

LQFUHDVH RI HOHYDWLRQ DQG WKH PDQRUUIHD WIKP@ R KHDRAW R LVQO/R

7KH VWUXFWXUDO SODQHV KDYH DQ LPSDFW®XROQPEOHIZBYW LRUR H DIHIF

RI WKH VORSH /RFDO DPSOLILFDWLRQ HIIHBWIEDRWAEHR Q @CHYBN U H.IKDGE R

HITHFW RI WKH ZDYH QHDU WKH VWUXFWXUD® 3¢ DIQHAW HDKVAH B PG)OH. 1A

WKH GLVWULEXWLRQ RI VU >X3H 88X DI SSOPPHRT WKH WRSSOLQJ VI

DSSUR[LPDWHO\ DQG WLPHVHW KDWH BIUR 8B JORVALARIH GH B X ¥ W/IC

DQ LPSDFW RQ WKH G\QDPLF UHVs$8RRQB HU MWL NRORSHO TKH VOPLE O

DSSUR[LPDWHO\ WLPHY WKDW XQGHU YHUWLFDO VHLVPLF ORDGLC

2.$FFRUGLQJ WR BRI DUQ TXGMFE\WVLY QDWXUDO IUHTXHQF\ KDV DQ
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UHVSRQVH RI WKH VORSH E\ XVLQJ WKH DR XB8WHRIX F¥VEXE BV XSO DQHEV Pt

LPSDFW RQ WKH G\QDPLF GHIRUPDWLRQ FKOOUD PWHOLMWDRWVL RQ VAKIHH |

WKH-KULHKXHQF\ FRPSRQHQWYVY RI ZDYHV 7KH Q@DWIHDOY NRHOXE QEF LW K

WKDW RI WKH KRPRJHQHRXYVY VORSH 7KHWRGBWLIRX Y CRBMXDDBD [UH-

+] +] DQG +] UHVSHFWLYHO\

$FFRUGLQJ WBHWXHQWLMHRLQW DQDO\WLYV VWUHVVWAIDMWQULEXWLEF

LQFUHPHQW RI WKH VORSH ZHDN VWUXFW X Q0 K®Y BIQB \F QW UR IO LS

HITHFW RQ WKH VHLVPLF IDLOXUH PHFKDQXKRRVRHDIMNMKMKWRISIS D LH] F LMODIR

FUDFNV LQLWLDWH LQ WKH WRSPRVW VWERQAHNWRD®DLODKY HZ KOLFE WK

SULPDU\N VOLS PDVV ZLWK WKH LQFUHDVHMVRQ @M LNWRLIF WIRHD XIS@GH UWW |

ORZHU VWUXFWXUDO/BEDOK WO LBALMXVY PBUQH IXUWKHU IRUPHG JUDG X

$FNQRZOHGJIJPHQWYV

7KLV VWXG\ ZDV VXSSRUWHG E\ WKH &KLQD BRVWGRDBPWRBRQO GFLHQ

3RVWGRFWRUDO 3URJUDP IRU ,QQRYDWGYWKID GKRMPRI7TZKDRQRXD6 6 FKF

3URJUDP 60

&RPSOLDQFH ZLWK HWKLFDO VWDQGDUGYV

&RQIOLFW RAKIHQWXWKRWY GHFODUH WKDW WKH\ KDYH QR FRQIOLFW R

S5HIHUHQFHV

$KPHG 1 5DR .5 YDVW )RXULHU 7UDQWRIRRMW IRQ 'R IUMWKIRG REQAD QD
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BURFHVVLQJ 6SULQJHU %HUOLQ +HLGHOEHUJ

$OHMDQR /50ityiPHH] , OBOWIQH) 5 $QDO\VLV RIFD UFFRRFEIOMH] WRS

VORSH IDLOXUH -(QJ *HRO

&KHQ .7 :X -+ 6LPXODWLQJ WKH IDOORGH GLUERF KWV (RII GUKH R IQQ!

GHIRUPDWLRQ DQDO\VLYV (QJ *HRO

Chen Z, Song D, Hu C, Ke Y, The September 16, 2017, Linjiabang landslide in Wanyuan

County, China: preliminary investigation and emergency mitigationdslates 17:191204.

)DQ * 7KH G\QDPLF UHVSR®MBFD P& WKRE IRU VHLVPLF VWDELO

OD\HUHG URFN VORSH ZLWK ZHDN LQWHUFDODWHG/IOB\HYKRB®JIGMKH VI

&KLQD ,Q &KLQHVH

)DQ * =KDQJ - :X - <DQ . "\QDPLF WH\OSRHV i RIBMG REG \Q DPH B N

LOWHUFDODWHG URFN VORSH XVLQJ D VKDNLQJ WDEOH 5RFN OHFK ¢

)DQ * =KDQJ /0 =KDQJ -- 2X\DQU%DVHG D$QOXHVILIYV Rl OHFKDQLVF

(DUWKTRBXAHG /DQGVOLGHKBYILYUBRYERWM DQG 0DUJLQDO 6SHFWU X

5RFN (QJ -

)DQ ; 4LDQJ ; 6FDULQJL * 'DL/ /L : '"RQJ; =KX ; BHLDDLOXWH +DYH

PHFKDQLVP DQG NLQHPDWLFV Rl WKHQGNDE&GH MRRQRI[LDMK VL FKXDPRER

IDQGVOLGHVW-

*RRGPDQ 5( %UD\ -: 7RSSOLQJ R 6SRFN. DVALRBHERQOHEHRFH R

(QJLQHHULQJ IRU )RXQGDWLRQS$BRG 60RSHV SS

+H - 4L 6 :DQJ < 6DURJORX & 6HLVPLFD QHVG R N HF IRRX V\M KGH EAF

WRSRJUDSKLF DQG JHRORJLFDO HIIHFWV (QJ *HRO
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+XDQJ 0: &KHQ &< :X 7+ &KDQJ &/ /LX6EDVEHB &¥DOXDWLRQ RQ WKI

PRWLRQ@GXFHG FRVHLVPLF ODQGVOLGHV - OW ©6FL

+XDQJ 1( 6KHQ = /RQJ 65 :X 0& 6KLK ++) &BHQUX4++<HQ 1& KHXQ

HPSLULFDO PRGH GHFRPSRVLWLRQ DQG WK&VWDOWHR@D V5 MAW B XPHIR

DQDO\WLV 3URF 5 6RF /RQGRQ 6HU-$%$ ODWK 3K\V (QJ 6FL

/IDQIJVWRQ &$ /HH :+. /LQ &- /LXERH VWUDHIQ/PULRWDWLRQ DQG JUDC

PDUFK WDLJHU H[SORVLRQV %-6HLVPRO 6RF $P %

/L ++ /LQ &+ =X : &KHQ && :HQJ 0& D\GD® LFORISWSBIQS/K FRX O WL

SODQHV UHYHDOHG E\ VKDNLQJ WDEOH WHVWYVY /DQGVOLGHYV

/L /4 -X 13 =KDQJ 6 'HQJ ;; 6KHQJ ' 6HLVRLHFUZNYWH FS DRSD 1 /W

HITHFWV RQ WKH IDLOXUH RI VWHHS MRLQW-HG WRSSOLQJ URFN VORS

/ILX +; ;X 4 L <5 (ITHFW RI OLWKRDWRBLMD QB8WSWROQXHWKIUHWRHH S V
VKDNLQJ WDEOH WHVW - OW 6FL
ORRUH -5 *LVFKLJ 9 6LWH (IITHFWV L QLB QAVMKDEQ R Wb FRA NWEK MR SBIY

,QVWDELOLW\ 6ZLW]JHUODQG % 6HLVPRO 6RF $P

5HDOH & *DYLQ . 3UHQGHUJDVWRGDOXHHOLDELOX@WDQDO\VLV RI V

7TUDQVSRUWDWLRQ UHV-HDUFK SURFHGLD

BRQJ ' &KH $ &KHQ = *H ; D 6HLVPLFLWKDGELDERQ WL QDX LLVRIFHNY V)

UDSLG ZDWHU GUDZGRZQ D/F® G YRBRNXRQUIHNWDEQ WD BVHMAWY  (QJ *HRO

6RQJ ' &KH $& =KX 5 *H ; E '"\QDPLF UH\DS IRV NIORSHF & IHW K \

GLVFRQWLQXRXV MRLQWV XQGHU WKH ERPERDOWHG DEWEZRAZRI HDQ®KC
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6RQJ ' &KH $ =KX 5 *H ; 1DWXUDO )YRIAX HDQ@W\V & K DS&JFDE W B IUQ IV @VIL

&RPSOH[ *HRORJLFDO 6WUXFWXUH DQG 7KHLUSHMF¥®RFNRQOWKHK '\QD

5RFN (QJ -

BRQJ ' &KHQ - &DL - F 'HIRUPDWLRDLWR QMDA EQE ® L QUR ¥ W WO
SODQH VXEMHFW WR WXQQHO H[FDYDWLRQ $UDE - *HRVFL

:DQJ ; 1LH * :DQJ SHODWLRQVKLSV EHWZBBG DDROGMD PGRIWL

LQGXFHG E\ <HQFKXDQ HDUWKTXDNH (DUWKT 6FL

X : /L -& =KDR - 5ROH RI ILODYRILODWHDEMNQRQ ZIDNXK D URFN |
*HRO -
X & ;X : 'DL ) 6DUDI $. &RPSDULVRQXFESMWH.EHQ WP PEISS Y Q)

HDUWKTXDNH WULJJHUHG ODQGVOLGHV UHH QQVWHKGE Zh WKRWEXW *HR@F

X * <DR / /L = *DR = "\QDPLF UHVSWRVXDRH WY ®REH VL XQEHQ FH

JURXQG PRWLRQ SDUDPHWHUYVY &KLQHVH -RXUQDO RI *HRWHFKQLFDO

<DQJ & =KDQJ - %L - $SSPDHDWURQ \RIRYPOWRUMKH DQDO\VLV RI

WULJIJHUHG E\ WKH :HQFKXDQ HDUWKTXDNH - OW 6FL

<LQ < /L % :DQJ : "\QDPLF DQDO\VMVDRD @ IO Y @\DEL®H. [ HEG WK : F

ov HDUWKTXDNH DQG DIWHUVKRFNV /DQGVOLGHYV

=KDQJ <3 ++7 DQDO\VLV Rl EODVWLQJ YWEHD UM RHDP® DAV \6 RS

8QLYHUVLW\ &KDQJVKD &KLQD ,Q &KLQHVH

=KHQJ < =KDR 6 =KDQJ / 6ORSH VWMHBLCAWLRDQ 0\ IOV LEXHWW U

6FLHQFH -



440 =KRX - -LDR 0 ;LQJ + <DQJ; <DQJ <V PHWHR®LRELORMN DQRBONVER (

441 E\ ZHDN VWUXFWXUDO VXUIDFH *HRVFL -
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Figure 2

OSGEXMSR SJ XLI WXYH] EVIE 2QXP S3LH EHEIRVHMXRIEKW BRRVXE XM S R
QET HS RSX MQTP] XLI NTVIWWMWRIZIVERR STMREGR SUEMWIEVG|
XLl PIKEP WXEXYW SJ ER] GSE\REVS VX3V WWXVE \E]Y XCIMBX|MSAMWQW X & X N
MXW JVSRXMIVW SV FSYRHEVMIWH I#HL MWXQIEE YDEW WWIR TVSZ
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