Taiwan Rock Engineering Symposium 2010 (TRES 2010)
October, 21-22, 2010 KUAS, Kaohsiung, Taiwan

ZREE LT SHENEE

LRSI S A S 1
ILEIEE SAR S SLECER L 9
ZABE AP BRI ARAER AL B LR P

# &

c 2P RBREFME S LA e AR g LA P AR88E 2021 &
}.T—‘fébt’g\@99ﬁ 88}\‘;;' ’l%qu'ﬂzm’\ﬁ"fﬂ& iﬂﬁ?’p%&‘“ E\‘?\'ﬁ'@wﬁ’s
AEFRT cFPLAETH BT EZFETERRY I ARRBRFLE LB BE T
/\’Frili/{{‘f PF'B%*\IZT;Z\/P},A\*,_? ”Lbrs‘}é:)ilF ,} 7“/\11.,, z\%%/}? ﬁﬁliﬁ,{h‘ T?ili-’

f%&DTM%’“ﬁ#"%$hp%&%J%wﬂJ&7Aﬁ?ﬁwimhuaalfﬁwﬂ@y .

M4Ed 1 7 BHTRE > vl = AA 5 o B AR -

E)
PATNREFAEBEF AR B e LIER L RS Tt S f R
B S L B A5 s R S IR fo4c b A IS8 E B2 0214 B RS A HO9E 2
88k e » R F B AR Z B AN REEYE » Alh P REFBELEVFLE LT o
EH IS S IR SR e R SR iwﬁﬁéﬁ‘ﬁﬂ%ﬁﬁﬁcﬁé’
%ﬁ%ﬂiﬁﬁﬁﬁéﬁi’ﬁﬁép BL AU 3 S BT AR 2 R A R A
& - *ﬁﬁﬁ*“?ﬁ¢&~i&% R E 2358 FEFLIRET RN R
ﬁﬁ””ﬂﬂllf’uﬁﬁ‘ PEEoRMERYEMEE B4 NFELIRT BTG R
WHE P2 Fp1 T gL e d DR R EFEDEL )T -2 F e T RS
EMAEZIFA o BT F r RIPFPELE PR v mE e g &A%Y
RAEATATA 2 ARBE 1 AR AT 2 F B R HApE 2 s B o

=2z
-— AT

FEAT2ZEREY AT Bk REEE %&gaﬁm#ﬂﬂﬁamz“ ) K
Hige k2 2rhy zREPTE r’/‘?f‘ W2 imAERTED EHEFE > LRTE LT TV
2 AFF T R RIS R oA AR .»,twms_p A o d M E R LT RE ’ig.:aj,ﬁ?/»\# ’
AR B #@~§ \%ﬁﬁW%*% T2z afEy ) ppe ﬂi&ELg’im
R E PR RS B AT (D1g1ta1 Terrain Model, DTM) ¥ #2 #7 i¢ $& &2 #F
&’?%ﬂﬁﬁuiﬁgE L #E&Wﬂf“*ﬁﬁﬁ ﬁ%%Lﬁ~%W%‘Wﬁ“
IRZPEIHZ BT TR IFI R AP AMEFAR L 2 AE T4 EAFHNFARP
hyad BE B REE > P W gwkﬁ Bt EE Eﬁ%ﬁR&DHM ? AR 3T I B2 AR 5N o

FTERPRBFEZF AL E S RO Sz BN AsF EZFE
DTM > Fﬁ*‘ﬁﬁﬁ"%; ##%i%ﬁ ?FQﬁA% ﬁ*%ﬂ&““&%%iﬁ

i-_

BirRELAFTHFVEETENTFeRZREE- H2 T Ft > AFTHIY FHRFE 2
FEVEEEY I ERFRFZEEL
F B2 Pest ~ sHpk ~ EH L g«ﬁvﬁ;;‘?zﬂ

S SRR ﬁ»ﬂ*@m%?+ﬁ—ﬁ%
@ﬁﬁﬁbﬁwmi@ﬁﬂid%ﬁw VR L

645



RERF ~EMT cF AR AT LT A HE B

#@Wﬁﬁ&@ﬁﬁﬁ’%ﬁf”’y%L%ﬁF*“?%dy%‘Lﬁ*ﬁﬁﬁ”“g°
ek AFEF2ZERAFVSEERHARRE ;11" '«t—\’f"%‘\%f’ﬁd’«?ﬁf’@iiJﬁ“Tﬁi'F’rgﬁ’fi
DTM# 5 F 4L » i (7 A 49350 0 AFT 5 P8 B 2 JAFsT 8850 7 AR - 282 A 53T
o L RF R o

~

BEELSFTEH

:ﬁﬁzﬁﬁ’ﬁﬁﬁﬁ%égiia’ﬁw%:3ﬁﬂﬁ%ﬁ‘@%\:ﬁﬁﬁ**
BoRrWEEATEREL _LIRJ o Z BME R E BN A %"a /% (Lumped
mass approach)’a\ Bz AEREE R R AN B ﬁ@‘-‘; BiEE ’F‘r—&»fﬁ’; .:&% F B2 Poit ~ 58

e BEREREELERED > ¥V EPERY 2 AL F %’ﬁ?ﬁ oo B s ThlE
ﬁ#&’%“’*’z%k%mvffaﬁd 2R ARN S U E o T R
FERZIEHEM N REEFAYR
21 BAFEZHE

?pb\u?ﬁ 2 4 1976 £ 4 P1teau ¢ Clayton g £#&d > 425% L4 5 Computer Rockfall
Model » B #-7% 7 i = - & U] 2 F 8 3 g R A b ow sl i U RCRRALRE 1S 2 i R AT
;‘)éi ,’z,ui v Ak R R ﬁn?}‘)ﬁe v ERJZ R o ,z STRY ~ SELEE S REH R s FEE S o 218

5—‘*‘ LapMAAy el BRET S8 EF T~ 174250 4 SASS-MASSI (Bozzolo and
Pamml 1986) CADMA (Azzom et al., 1995), RocFall (Steven, 1998), CRSP (Pfeiffer and Bowen,
1989), Mobyrock (Paronuzzi and Artini, 1999) ¥ CRSP 4.0 (Jones et al., 2000)% > Ap B F2 3 7 %
B4 1o izt A 47858 ¢ = 11 Rockscience = @ #73 B 2. * 425 RocFall 2 £ ML %4 §
~-l~'~-l~',}zfj—'“ DELEE A reTie * 22 CRSP 423 5 3 B oS g2 250 o PRGN BRTE
/zﬂiﬁ Rt BRFTEZ Y RERGE - TR Ad FHZER S AN EIREL G

~$1ﬁf’" P RLE PR AT AR R E E R AR 2:"33’\ AR EEY R o

B A SO U FEA = LR S A I A “iiAv\%‘r“ ER T SR SR Ml A
R o de b P o R BB R TR B 0 TR T A PTG A 2 b
P2 BAHNEF  WwF P RELTHNRANGREAETR A JlEI ) FRYT S 2 - B
mpﬂ&gmMmaEQaﬁfzﬁizm%map;’ﬂ%2m3&%axpi*%
STONE % & = M%7 4 474550 » % P13 DTM TR 2 #F & » STONE A2;% 3§ * 3%+ o[l &
o WP ERT zé*“?ﬁﬁ\u%‘fa. 2z BE R A TR #(E?ﬁﬁiéi 2006) » & 1v %A g
H2 @@k &0 a5 ri(ai.‘fﬂ%ﬁﬁ;\)&%frf@’* s ER RIS 2R 0 4ol 23t
%ﬁ&%ﬁi%%ﬁﬁﬁ%i’??%lﬁwﬁ~¢Pﬁéﬁﬁiﬁiiﬁ%ﬁ%i@—%
i??‘% °

E TN }é/p P’T/;P'._ /p 2 4p3 *ﬁ-ﬁg FLRE B 2o A7 50 TR ﬁim?ﬁii’ LR
SEEL AT A | V4 (Dlstlnct Element Method, DEM) ¢ §_7 & 3 %25 4 172 (Dlscontmuous
Deformation Analys1s DDA) o % 2% £.d Cundall »* 1971 # "erf, B E

FHHELNIAMF I F:  AAREANEIHEE - @Eh et VY gERS ) ALK H
ook 2 @67 s g fap w = ?&Qlfﬁ’“f e ’“”T"’ vk AR
# > DEM = l?L&E’ CHERPIZAES > LA AR FRZFEAFTES B Y 2555 ITASCA
oA B 2 PFC-3D > 324855 F 4 45 = IR AR k2 a‘%—@i‘fﬁ Bp 7= 5 i PFC 3D i
ya '\Tiﬁﬁﬁﬁﬂ (B£.,2008) > o= 3fh+ 2225 F k< » f’“w;ﬁﬁ‘%%&i ”‘:‘;ﬂ
L SR RSP Bl P"}l N F O -5 \—L(}i M= z BN 2 TR R AR E] TR
“ﬁﬁﬁﬁ’Piﬁﬁﬁ¢H%ﬁ?gmﬁ;°

Jur

—

646



Taiwan Rock Engineering Symposium 2010 (TRES 2010)
October, 21-22, 2010 KUAS, Kaohsiung, Taiwan

AL Al BAFEENE ML APMA

A ¥ 2R R | P W RE
1976 Piteau and Clayton Computer Rockfall Model 2-D | Lumped mass | Partly
1982-86 | Bozzolo and Pamini SASS—MASSI 2-D Hybrid Yes
1985 Bassato et al. Rotolamento Salto Massi 2-D Lumped mass | No
1987 Descouedres and Zimmermann Eboul 3-D Rigid body No
1989-91 | Pfeiffer and Bowen Pfeiffer et al. CRSP 2-D | Hybrid Yes
1990 Kobayashi et al. NA 2-D Rigid body No
1991-95 | Azzoni et al. CADMA 2-D | Hybrid Yes
1991 Scioldo Rotomap 3-D Lumped mass | No
1998 Stevens RocFall 2-D | Hybrid Yes
1999 Paronuzzi and Artini Mobyrock 2-D | Lumped mass | Yes
2000 Jones et al. CRSP 4.0 2-D | Hybrid Yes
2002 DAMOCLES project STONE 3-D Lumped mass | Yes
22 w3l tAdk

ﬁ%iﬁﬁﬁﬁﬂ&%4ﬁ§“%’%ﬁﬁﬁﬁﬁ%’%ﬂﬁﬁﬁ% iR AR
Flm g & d % % (Coefficient of restitution) o w38 2 H# M AR S ird d Fw 2 2w 23 R

A;\ﬂw/]ctumig__a.li,pﬁm,zaa tp o 23k fiA\ﬂ s F g B AR 1 Bf %7 2 R EMMER
BRLIE HREAZY LG o BHE A o - A g o B R G Gl '%?Oﬁliﬂ&°

= BETEERER

31 FRFE A

BAFRZ2 FRIFEZARIZ S F T =300 2065 (1) #2575 5~ (2) Epr
FE S S8 (3) e w B S o#%ﬁﬁ~£%;£«%*”ﬂﬁ%% P E L
AET A e SUE R T LSRR LR PR R A A= )E TS (2 )2 s

FENE T REFARE L v EGES EFREE R EAAMHBE T F P L E RN
AR W ;S g,,, »&/J~%~*§w~a¢f;rﬂ% R 2ER RN Yot Y %’w‘;&ﬁ%;a‘“
FofFAE AR EE - MR (C a)d m(- )P EFESE o T ERRE
PR REE 2 A0SR G 2 AL A FBFEESRLS F e T B R s
§ﬁﬁ@3&ﬁiWo?+ﬁﬂ¢mﬁ P e

(1) #estiw & 0

PosfiF B A& ff;h”,, TG Y BRI U 0 AN T A LA B
Wi AP RIEERFIES FF 0B AT R AT A ke R EJ?{?%M #fsﬂ@ﬁvf‘
—%ﬁ€’:ﬁ4ﬁﬂm% L LX), YO, Z(O] £ 7 0 @ st R ﬁﬂiﬁﬁ#ﬁgz
2_ Yo R ﬁﬁlﬁf”‘7 2L 3 g N geT Nnrp o

{"1 'Pi\
>

X(1) Vot + X,
y(t) = Vyot + Yo (1)
A0 [y % gt® +V,t + 2,

:’E‘ ‘:; (X07 y()’ ZO) :‘_5’ ;g.}' F%L?”&éfj’_ﬁ ’ t ;7‘ /p Z' ?—E\b'\ @%F&Fg ’ l'?] (\/XO’VyO’VZO)
SRERFEREABIX, VB 23 a2 doheiE R 0 0 S €4 @B (9.8 m/sedd)

647




BEAAE BT AR ZREE LT AT E

(2) B FE 5N
EERTEE S A TR S RER AT R Fie 0 R E G R

‘i -

PRPREZ BTG 2 mRER - a3 iﬁﬁ%é?“u%‘ma+’ﬁl %u&
%’ﬁﬂ?ﬁ%#ﬁb—”ﬁzwﬁiilmz% BRI PR G - A |
HERHZ 4TG5 2 g r;ﬁ7~é Fh F 42 RS R F B RC) RS P
M- EMZBEK o MY F R SRR RN S B WG e B
Pzt 2 2 AT 2 o F D pRR N IRA B T Sl E R RS A R E
ZEEELPFREZREFH  PoRRTIAFFELTBE B2 F A2 15 =+ 0%
PRZAT G L LE R ERTRET 28R -

Distance :|Axl + By, +Cz, + D|
‘ VA2 + B2 4 C2 ‘

2)

N g

=4 ’:&al‘i%ﬁi;\’{%é AX+By+CZ+D:0,7§’P%&2F§ﬂ i&*%§(xl’yl’21)o
AZATH RN AEkER LR T2 (ABC) By TG e kB oo

(3) FEFE s

BTN ﬁrs}iﬂ"— Mz Ew i Bl Bl AP E P2 RN JeitE e

BEH  FEREACS YRR G L LR F AL O 6 L L)

1o B EEHZATR PREFRESE  HfRERAE IR E2 I Y- 2 BT
Foo MLE A dn i Boid RABITI O FF o L L R ik o

FH T O) B G 2 BB A (D) R MRS LTRSS e
&%gﬁﬁ’iﬁﬁﬁéﬁ?ufgﬁﬁﬁio

onUt \/ ;XO + 2ngk
V= N+ 25,9k 3)

out in
Vv, V]

#e k=xsin(@)-cos(Otan(g) > "+, ZEFF e THEAFE LA b R BFEEAT 0T S

I’rﬁ'—r§5~ %ﬁ’&ﬁ‘”'ﬁrifgf‘*%’i% 7 (Vxn Vyn VZo) BN s z’%‘{rﬁ“‘h/”\ HEEX, Y& 2% h
V%ﬁﬁom 0 5F4 4t B0 5 M2 Me ¢ 2B a2 BEE S, 57 TR
SATH X G RR P HIER AL FRIER . B S, SRR TR AT Y S
PR BL BB AL PG e AL ESGFELER L
V@OV, (0, V(1) 7 Lt s g nzerdaed VLV ke B
B hmAEARE  FNTERMEE RSP IR EFRLFRER A FNER
’?'E—_%‘» (onutyvoutyvout) .

I Gl TG 2 BERAN PR A RN BRI T L
P ORET Y AR 2 2 A 5 B A5 ‘Ef"Av\“f’? N HREARSS T o oG BERE 2 g T e
i SO R R R o S A T R T *ﬁ*jﬁ@ﬁ§ﬂ7
BABE TR AL BEATAHNERE SN AR AL T Rt e BE > £
Y2 be BEEEE A L 50 Akl 3 20 R %lmm?*iiﬁ*%%"%*éiiﬂﬁk
oz do Bt .

fw\\a

7 3
7



Taiwan Rock Engineering Symposium 2010 (TRES 2010)
October, 21-22, 2010 KUAS, Kaohsiung, Taiwan

Fretes wgls ntstaon Frctos wngle datrbeon

. E

-
. - e =
5 ! =
m—: = : J '
Bl fl*r g A48 e BEiEr(2:XEY 2wtz v HiR)
32 s ik EAN%KE
32.1 G| -

WY R FEREFEME7 g B Y 2 Jesfi@de o 3 0 FBEZ 47408 5 (X, Yo, Z0) 0 U &
”‘zn%‘rﬂzg;;‘ wpEF 0@ (Vcosd5,0,Vsinds) 5% & FE X, Y& 723 w2 4o dnid B
%1%1‘\'1%,1—( X -

2

mg?(x, y,2)=(0,0,—mg) 4)

SRR H A RN S UK, VE 2 e BRI A > S Ak RS
BErFRER AN L3 {1 AT F R 2 AP IREAES FRYEARLEE
?&av%i“’P??%~§@ﬁwm7%’ﬂﬁ$ﬁ.X*y R = 60x 602 et o X
#Y2 BiRERE <150 2 150 0 z2 B R RN LA 100 ﬁﬁww;%&&ﬁzwmo
WRAFE T ZBAPTRERSZ F T TR RRPE YA RN LR T ER 2 2
FoNB2 P A RAFDTFE 2P RE TR LR E 2RO aww%ﬁﬂ@

7O 20 FEfd o

3.2.2 S b=

HAR e oL FEmeF By L siphdd o 3 & G Bph i 4 i H g e
2 R P EERE Y Ry -

I AR B2 Z A TR 0§ AREE R TR x e phi (T EPRE
APTRERLXByYy P e s 60x60 2 ERox By P ez BiRFFAS N 2150 150 0 22
BeAh g FR A5 1000 A47err 2 S B 2 9rn o B AL Z AT EBERAN LT
BRr ROV FIR > AT T EACRE LS R F IR 2 o TR 2EMrHE
?%’ﬂ%#éw;%@ﬁhéwﬁﬁ&ﬁﬁaéI’E%%@E@i%@%ﬁ%’ﬁ%P
TRE™ o Fgehw SEF] 4 hoye it 3 R o %@3%%od@3ﬂ%mﬁpﬁwﬁ?fﬁWﬁﬁﬁ
Eomvims w2z X EiER A d ?]391‘%4%””?% bw S REISR TL 1 27
T,gzggiﬁW?wﬁ&%% V2 FER R o VARILERPYT B N2 it o

649



RERF ~EMT cF AR AT LT A HE B

22 &7 5HE

S 77 | - S TE ) =

7 p i 7 B HiE
WE PR 7 %) WY 20 #)
FE R Ay (-150,0,102) FE PRl (150, 0,150)
(XO’ yO’ZO) (XO’ yO’ZO)
TR A A (50c0s45,0,50sin45) | 7% 7 2 beid B (10,0, 0)
vy, »Vy,-Vy,) vy, »Vy,-V,,)
FEE T 0 Ty 0
i ow il (R ) 1.0 o ow (R 1.0
oo w 3 G iR, 1.0 o w3 (R, 1.0

RockFall Path in 3D Reclful Pt e 30

170

160

150

140

130

120

110

100
150

o~

B2 oo B B fEkER
5

a‘ §]3 /\VTL' X - ?’55'--& /ﬁﬁfﬁt}\‘%vﬂ_ =2
('ﬁﬁﬂmv—:‘ig‘ ﬂlg]mﬁ*‘?L %

)

x
e

N S PAR

AFEER AWM AR)AEAFE S 2 1T 2L - AAF TSR EE 2 G
Z ot GO UZEB’» DTM - Bl 4 5 3%/ 7 # 3% 2 z&% ﬁ@ BB AR W2 %2 DTM -
03z T b G R R B Tk kT b JH3S P R4 % Jp P LE PR 2 O3 B
LR ST ,?J%Nﬂ Bl otz AT B G /? 1€ 2 DTM =7 *FUEJF"*&PB"%?’ DIM >
FERERI -ABSOTERELSITRERE OMNFT A FAERSA ]I - Ro2 S E KBS TEL
B LR FFERtR 2 DTM # 4% 5 200 I pEB~ 4 2. DTMo; aF e e plEAr{E 2 DTM
FAS] BERILER AT LR FIEEPR 2 DTM 3 5 7 2 B ez PR g0tk R
FEX 4] 0 A iE S vikdp DTM 2 f#3 47 R4 £ W 2 el 25073 - B 5 Bl 'a‘@l%é;
CHFEAREREZAR 4B S 2 AT RRT %Ifu AFT G R 2. DTM 43 7 2
2B BTGRP R ER Y RS F el Ber A BT L EFERE B AR .

650




Taiwan Rock Engineering Symposium 2010 (TRES 2010)
October, 21-22, 2010 KUAS, Kaohsiung, Taiwan

43 RLEWwEPHEDIME 62 &4 47 $3c

I P B
w PR 50 %5
ET AR (X Yor Zo) (2682100, 266950, 2000)
;‘—R:I' ?ﬁg&.;ﬁw -!ip}i U3 (on ’V)’o ’Vzo) on é 'N * f’js & 3T 5 m/sec I 10.0 m/sec si B e

P REA A o

VYo LA* B3 A F -6 m/sec I -1.0 m/sec it & ¥ §E

nooSERA A .
V0 % 2.0 m/sec °

Z

oo B WAL I3 LT AL H G BEE 203 S0 -

e riE (R WAL Ir I sFAS R EEASEAN
0.6~0.8 fF¥

s % 3 % B R ) WAL P2 A F AL bl BEE S E A
0.7~0.9 fF¥ -

651



BEARF S EHT CH AR AR T LT A THEEE

BlS %638 REDIMZ=-ATEATRER(? FARL)

Tricten sgje dutsbston

M7 FEPADIMZZ 857 A48 % (3 Fitd)

652



Taiwan Rock Engineering Symposium 2010 (TRES 2010)
October, 21-22, 2010 KUAS, Kaohsiung, Taiwan

Il g e B2z it F L@ B2 BT MR DTM ¥ 22 = - 121x121
2t d 3t ‘a;’wﬂ«m,ﬂﬂhn/? R ZELZ S S re R R BH RPN 2 R
oz 2 s 1450 & R 2 e ~@@%®p2&9m042&9m0’yiﬁﬁﬁﬁé
2%MML12WHM)11&%%@§1%0&2%02zoiﬁwkﬁ%?i%&¢%
AR o od ARG BB R AR iR 0 & BARITR RS A RE R e AT > Fpt I gt
SRRAEEE SRR R0 RT AL SO TR F AR E T deid
BREEHAL x> BRG] IE3 2F > 3 Smisec I 10.0 m/sec 2 i B FFEEN > S8 A
4oy i B G IEE A F 3 -6m/fsec I-1.0 m/sec 2 B FEER > Mg AL cz 3 @
@R %R 5 2.0m/sec e

4G B E T RSB R%R S AT PHE G BEESERAEL TS B R P
%%éi,ﬁﬁﬁkalﬁﬁﬁiﬂa@%@?ﬁ%@&iﬁbﬁﬁ&*%ﬂw§20%50
BT H3m3 o ® 24 vt L@cell 28 Bt > 4oBl 6 977 c o B2 w wilk
%&;aiggéwﬁ%&ﬁ%06408\@’ahawﬁﬂ&ﬁﬁo7¢09 oo 550
THFFFRERAIE  RBF TR EGRG BT TRV ER B R R ER R
Fra B A L L Bk i BRI FA L F R A F AR § gt
WP BWEP R TIMRLE S T E PRI BFRFTERE ZE R RIT o A R62A
P EBET o AR 2 AEEAFASNRET HE G R R ERER A T E
FEIHmFBITARAZEVE R B FE - FH 2 F AP ER  FLRRAR ST X FH
BREEATZEER > LR ERY LI

I~%®H
TR A2 BRI AT P SRR BAF c R RPN AE R AT
BRIt s AT o R D AT 2 WA R BTG 2 R AT 0 HT IR

%&%ﬁ‘ﬁﬁﬁﬁ'?ﬁﬁﬁq M E TR REZREE- BT TP AT -

{

HEEZRFTERIE,ITHENF YUHHTEFRERN 2 Ak Sy V-
%ibDmdﬂ*;‘@%ﬁﬁﬁWth%%%%$%@i?%’ﬂiﬂzEﬁ*%@u

FME L LTAA o

£
1. Azzoni, A., Barbera, G. L., and Zaninetti, A., (1995), Analysis and prediction of rockfalls using

a mathematical model. Int., J. Rock Mech. Min. Sci. & Geomech. Abstr., v. 32, no. 7,
p.709~724.

2.  Bozzolo, D., Pamini, R. and Hutter, K., (1988), Rockfall analysis - a mathematical model and
its test with field date. Proceedings of the 5th International Symposium on Landslides, v. 1, p.
555~560.

3. Cundall, P. A. (1971), "A computer model for simulating Progressive, Large Scale Movements
in Blocky Rock Systems," Proceedings Symposium, International Society of Rock Mechanics,
Nancy 2, No. 7.

4. Paronuzzi, P., (1989), Probabilistic approach for design optimization of rockfall protective
barriers. Quarterly Journal of Engineering Geology, v. 22, p. 175~183.

5. Stevens W. RocFall: a tool for probabilistic analysis, design of remedial measures and
prediction of rock falls. M.A.Sc. thesis. Department of Civil Engineering, University of
Toronto. Ontario, Canada, 1998. 105pp.

653



REARF AT AR 2 LT At B

6. Piteau, D. R. and R. Clayton(1977), "Discussion of Paper on Computerized Design of Rock
Slope Using Interactive Graphics for the Input and Output of Geometrical Data by P. A.
Cundall, M. D. Voegele and C. Farihurst," Proceedings of the 16th Symposium on Rock
Mechanics, Univ. of Minnesota, Minneapolis, pp. 62-63.

7. Pfeiffer T, Bowen T. Computer simulation of rock falls. Bull Assoc Eng Geol
1989;26(1):135 - 46.

8. The DAMOCLES European project, http://damocles.irpi.cnr.it/.
R EFoMmETF (1997) FRrEFPPLRPEAAEFRAEEA L 1P F
64 8 > % 59-68 F -

10. Bz p oo gt > Z 2485 (2007) "= BAF P HER P RE R LN BT 0 F 9 Eis
Wb BLRAE BT T 1 RS R T

11. &4ti/e ° "Development of Rockfalhng Simulation Program - ROCKPATH 1," ¥ # X R % =
A ELIRFGEwm ko AT 0 5 355-364 (1998) ©

12, fEARF > A (1997),"#8E - M2 fcE A d5" > ¢ 242> 57 = % opp. 1-19>
nA& L

13, BERF & mEl ~3~i et B AT T2 AT HFREMER T AT T o

EAR
2006 £ 45 1 4257 3 g W< % 0 pp.397-406 > July 26~27 > 2006.

ABSTRACT

Taiwan is an active mountain belt created by the oblique collision between the northern Luzon arc
and Asian continental margin. These inherent geological complexities naturally created numerous
rock mass discontinuity in this area, which exist in many forms such as fissures, cleavages,
beddings, joints, and even faults. In past decades, rockfall hazards triggered by earthquake activity
and heavy rainfall frequently occurred in Taiwan, especially after the 921 earthquake in 1999 and
the Morakat typhoon in 2009. Considerable rockfall hazard damage in major traffic corridors, such
as Northern Coast Highway, Central Cross-Island Highway, and Southern Cross-Island Highway
etc., which connect eastern and western Taiwan, have increased dramatically and become a major
obstacle for engineers. In this study, a 3-D numerical rockfall model based on the lumped mass
method which treats the falling block as a point mass and allows mass free fall, impact and rolling
motions in a 3-D framework is developed. It is hope that the 3-D rockfall analysis program could be
useful for analyzing regional scale rockfall problems with the combination of DTM from the aerial
photo, satellite imaginary, or the ground Lidar.

Keywords: rockfall, lumped mass method, coefficient of restitution, 3-D analysis, DTM.
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