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ABSTRACT

Keywords: Rockfall, Laser scanning, Numerical modeling, Rockfall protection.

Taiwan is an active mountain belt created by the oblique collision between the
northern Luzon arc and the Asian continental margin. The inherent complexities of
geological natural creates numerous discontinuities through rock masses in this
area, which exist in many forms such as fissures, cleavages, beddings, joints, and
even faults. Accordingly, rockfall hazards triggered by earthquake activities and
heavy rainfalls occur frequently in Taiwan along the past decades. Especially after
the 921 earthquake in 1999, considerable damages of rockfall hazards in hillside
resident areas and along engineered slopes are increasing dramatically in which
the rockfall hazards become a major obstacle for engineers to deal with.
Accordingly, the study on rockfall hazard mitigation for hillside resident

communities was proposed herein.

The aims of the study are (1) to establish a rockfall hazard rating system for
hillside resident communities, (2) to develop a numerical model for analyzing
rockfall problems, and (3) to verify the developed rockfall model and to evaluate

the problems of rockfall hazards.
The results obtained are concluded as follows.

1. Establishment of a rockfall hazard rating system for hillside resident

communities.

2. Evaluation of the possible risk of the rockfall hazard for hillside resident

communities.
3. Development of the rockfall modeling technique

4. Establishment of the 3D laser scanning technique for hillside resident

areas.
XVII
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5. Evaluation of the possible rockfall protection technique.

6. Providing the appropriate information for further modification of the distance

between buildings and slope for hillside resident communities.

XVIII
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% 7 (rockfall) % . # (landslide) @

RS Nk

‘\:'—EE] FLER

e FEER @

AP e saafg A2t 02 > stz 4 2 3 F 4 &

EERIET R- BIRFA LT R F AR HEEF
B T8 LT3 AT - 30 0 o 3 2 iRRE L

FARITHE B RIT 0 A DR SRE ERE A A

A ed M F A EFTHRBELAT ORI E AT

FPh o Bl AP ER LA AT TS

stz o B R RN R LT W B R -

4o F

(1) &% g #WIEF 2 Fa

7z RQD ;* (Deere > 1969) ~ RMR ;2 (Bieniawski > 1984) ~ Q ;=
1974)% = ;% > 2 & * 4 7 1 42 - Romana(1985)#%- RMR ;2

N R 1]

(2) TR #MILF2 4 B FlF 2 FR

Hudson(1992)# ! # % 1 4% ,% ¥t (Rock Engineer System, RES ) »
Behbe 3 3F 5@ % k5] Jiao &2 Hudson (1995) 3 -k LA

N

Lo AR

& RES

7 F) 3 (T4p $ et
FE LT R e

A e Bl

(Barton -

iz L SMR % >

I—L"‘S/é’:l’f}_
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LHBEATREZTE LT PP

* 5@ Yang ¥ Zhang (1998) P #-3g4) ‘s 2 82 RES (7 - B2 & o

AT e o0& 53N fd eni® v > Hudson(1992) 1 * 20 B ¥ 4 g R B F)

T E hE R R BT 2% Castaldini & 4 (1998)R] 41 * RES #-3+ #4138 -

N N N L R I T
SEHY RAF 2P AR EFHEHN NP NFRPEEFHBPLEI B

AR L AR TS avg e oo b > Ali & Hasan(2002)% & @ * 3%

/

RS P

orFEA R - BRI S

|
}ﬂ:_

2 TER OIS N SN AR

) T RAMILE ~ ¢t 4 R F]F 2 BRIREH % 2 F R

dv £ & % T E 4§ (Canadian Pacific Rail, CPR)Brawner and Wyllie »* 1976
EFRAFEN-27 A2 AFRFZFEETRFR LA BAIH &
2 FA A FUNER2ZEREERTR > EPAS LT EREZ TR
T2 AL A FT R T s T s - CPR & {4 % & Pierson
1990 E A E 2 BNV E R AT RITEG AN A#H A BN V2R
B ORFER AL RS A S ERIANF R K P 5 (Federal Highway
Administration, f§ # FHWA) 4 & RHRS (Rockfall Hazard Rating System) i st
2

RHRS fid % R R 78 # =k 2% (National Highway Institute, NHI)>*
1980 # * 7 FHWA 2z s T B dnse U B » A NHI r# B2 B 7 2T &

2p
7 e

jide? o NHIZ RHRS & 4 00T 2 h 3 4o

=

F R ER TR
2. % PR A= T LR
3. yp A PR AN TR RS R EE L BB s

4. {§¥ 3B ErFBEFA N FI LR ELER TR
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NHI 2. RHRS "gfé = 5 F W2 " E 2 S L R A RFEEZF BT RITR &
S AAH O PR R PR 2 BT RIER ke d 2-1 4757 0 Pierson
(1993)#% 1 2.5 7 B T R % 3t (Rockfall Hazard Rating System, RHRS) %
H R ook 2-2 9750 > L2 BRI S FROBRE o750 5 EERLE
F2RR S B U B PR s F R ER A RS ERA
EPEE S BFERAET RITER > X222 F 0 MTREY RHRS B2 5 2

RHRS 2 £ g 2 RiEfG AAA B & 34 H TS frimitims s A 300 ¢
A e BE AT IRE T AR e BEFREAS ZASB-C
A BETERRE B sz 0 C BPERM RETEAS T A
MG  FEF RS T8 5B BBE IR CHa R ER

_ -H}’I-F o

WIGELS G G R FHIT 0 BTSSR RE A £ B LHE T

$HAchp T AR L RERF D 4T
1. #2 (LR -5 %

3. % & &R

4 5% (42 BHER)
5. 1Tz £ T¥aE T e
B h (R St B RS
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NIE AR TR S e 4 L ey

7 ERTREAS T A

FEREFEPEA I ARSNGB o x=1~4 ERHEP REBAS L 39
2781 A > T3 A AR RIED RIER L T B EIAR R 3 E e B
a2 B RGEAEA S 521647 A A R S EBLT 8
F|3 AT (8l & X 27T A9 &3 &) 2 ERERPREET
MR FEFFIED 224 A EFE > RAPH BT REL S ]

d AR R %243 7E KFP s EF 4T RHRS £ » 43 23
HFPBELAET T REE SHBIROPETF ot P E (1997) &
SR ETAETAEGE PIMEREE R R VLER P ERS
gtf;ﬁg‘g"4c_|‘z,§p\)\,~";;’%@n AT G HE fg, Box L xIf4e BT AT
B iEE (1999) #Hot-M2 Lo L - @ H S0 B Bk A
A T R A% E‘#;ﬁ%%ﬁf’viﬁ‘“ﬁ Fr A A LSS 3 ot
FHRE, ViE-HEEH IR RATAR VI BE (2001) H¥ta
WO MEHN SRR ST ET A B R ",% TF R B AT
RERRB T AT - SR AT et 0 MHEF BT EE S 2R LT
z Bl PR AaFER LTI IRF

1295 Pierson 2 iT# WP} %% RHRS 2.2 & 2 & SR ROP BT
Fpes PIRPAHIBRLET AT EFF IR AR A

RA S 2E AT & AR alr ek 2-3 475 o
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¥ RS STy FlreE
2221 ERIETLEFFRLIRTR AT
Organization Rating/Management System Number  of | Reference
Sites
Oregon DOT NHI 3000+ Pierson et al., 1990
ODOT, 2001
Utah DOT NHI 1099 Pack & Boie, 2002
New York DOT Modified NHI & Wyllie 1700 Hadjin, 2002;
GEM-15, 1996
New Hampshire DOT | Modified NHI & Wyllie 85 Fish & Lane, 2002
Missouri DOT Modified NHI & Ontario 300 Maerz et al., 2004 &
MORFH RS 2005
Idaho DOT Modified NHI, HiSIMS 950 Miller, 2003
North Carolina DOT NHI 1  (20Mile | Kuhne, 2002
setion)
Washington State DOT | Unstable Slope Management | 2500 Ho & Norton, 1991
System
Kentucky DOT NHI 1800 Hopkins et al., 2001
Tennessee DOT Modified NHI 194 3 Vandewater, 2002
British Columbia MOTH* NHI 1 (480-m in | Bunce et al., 1997
8 sections)
Canadian Pacific Rail | Brawner & Wyllie N/A Brawner & Wyllie,
1975; Mackay 1997
Ontario MOTH* RHRON N/A Franklin & Senior,
1987a
Italy Modified NHI 7 Budetta, 2004
Hong Kong New Priority Classification 1400 Wong, 1998
Geotechnical System
Engineering Office
Scottish Office Roads Directorate Rock Slope | N/A McMillan &

Industry Department;

Hazard Index System

Matheson, 1998

(kiR e

NS )
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L BT L]

% 2-2 EF B RITA L A(RHRS 5 Pierson, 1993)
C t RATING CRITERIA AND SCORE
a egory POINT3 POINT9 POINT27 POINTS1
SLOPE HEIGHT 25feet S0feet T5feet 100feet
DITCH o
Good catchment | Moderate catchment |Limited catchment|  No catchment
EFFECTIVENESS
AVERAGE _ _ _ _
25%of the time 50%of the time 75%0f the time 100%0f the time
VEHICLE RISK
PERCENT OF Adequate sight Moderate sight Limited sight Very limited sight
DECISION SIGHT | distance, 100%of | distance, 80%of low | distance, 60%of | distance 40%of low
DISTANCE low design value design value low design value design value
ROADWAY WIDTH
INCLUDE PAVED 44 feet 36 feet 28 feet 20 feet
SHOULEDE
GEOLOGIC
CHARACTER
Discontinuous Discontinuous
STRUCTURAL Discontinuous joints, Continuous joints,
Jjoints, favorable _ _ joints, adverse _ _
CONDICTION _ _ random orientation _ _ adverse orientation
orientation orientation
_ _ Clay infilling, or
ROCK FRICTION | Rough, irregular Undulating planar _ _
slickensided
DIFFERENCE TN . _ _ _
Small difference | Moderate difference | Large difference | Extreme difference
EROSION RATES
BLOCK SIZE 1 foot 2 feet 3 feet 4 feet
VOLUME OF
ROCKFALL 3 cubic yards 6 cubic yards 9 cubic yards 12 cubic yards
EVENT
Moderate High precipitation |High precipitation an
Low to moderate
CLIMATE AND o precipitation or short| or long freezing |long freezing periods
precipitation : no
PRESENCE OF _ _ freezing periods or periods or or continual water on
freezing periods :
WATER ON SLOP intermittent water on|continual water on|  slope and long
no water on slope
slope slope freezing periods
ROCK FALL _
Few falls Occasional falls Many falls Constant falls
HISTORY

(FAH kiR 0 Ay EEm)
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oF LHEEE T ER RN R

423 FELLREFAGASCENTEAS - Fh

PP | Plerson | SEEEEE (SR | SHEM T |SLOMT | SR | AU | S(H
#HBET (1992) | (1995) | (1097} | (1998) | (1999} | (1999} | (2000} |
e * * * * * * 8
HAE * * * * X 5
ok *
HE T * ;1 * * 7
HEET R * * * * * X 7
Fe b5 AE * # * # * 3
e *
@A *
R # 3
=i ;] * * * * 3
T *
HET £ 2 ;1
 HEFIA * * * k| 4
¥ v ) * # * * 4
LT * * E]
s +* e + * * 5
R 2 *
SERSE ) * * * 3
F Eiipai * * z
HEEATR AT | & * * #* 4
I A M 2 * * 2
|I4I'j-'rJT-£- 4 iR * * * * * 3
s 5 N

(FA kiR @ 4230 p %2 L 2001)
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LHEAREET LTI

$oE LMK FE LT ER
AFPTAEAHLERARE LT ISEATRRAZ T B - R
FREEFLVLTZIAECHYF AR HAELEFRILAGFIR G 0@
BEE AL i3EIEg 2 A B N R XTS5 M o Bl A AL A
SEFEAABTRAEL 2T AHERE IR ERBRS F2RH
NZARMAET S % BN LR R LR A EE R LT GRS

IR ¢ 4R
1 b2 s (LR 3838 %)

BAELAZEHTER 2 HRFS o KFRFREHLEE R TG

@—ﬁ%i%iibﬁ#woaﬂﬁkﬁ%T:

224 LHPFHELABE

W R v BB B A (S)# Bl %o
Py 1 S 5% 2.86 &
BT 2 50<S 15% 2.86~8.53 A&
BT 3 150%<S  30% 8.53~16.7 &
v B 4 30%<S  40% 16.7~218 &
7 i 5 40%<S 55% 21.8~28.8 &
Y 6 550%<S 100% 28.8~45 A&
Py 7 S>100% >45 &

(FH &R 0k PR E)
§OT KRR RSB GERT RS LR AR S 0 B

FEREH 2 Ak FIPR AR T AL HE ST TERE 2 T OREA
ETBRETHEE GEMANAEFLEE L LT AR FREE > SR
P Ay BiotR s ol 45t A EE B - 45h 10m 1
&+ o FlRitchie £ A {2 R RE2 /77 7F WA 45°0 2 e 7 > A
THHAERERI S Fe & AR5 45T 455608 601 70R 70 &
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FoF LR ER LTI ENAR
By ded 2-5 #75F o
125 AL HAHEHA
BaAIE et S U=
3 9 27 81
HE(R) 45 11T 45~60 60~70 70 12t
(FALkip @ AF7 7 BID)

R RIESES SN £ A
B i R RGES R 0T MR 2

B H g%

_

Yo
I,_)J-—’,

__’ﬁ—': ’)h“ﬁ.)i@r'g ’
= 4@ 2-1 9757 o

32 e%P %Y RHRS 2 £ %3 2 4 L2 % & w42 5~15 2~ & ~15~25 =
2 v25-35 2% ~ 735 iy o drdk 2-6 7T o
[
Az
o
w
ag
o
O
< a\ B
[ A — I S
- I CL H]I
HI :
L | -l |
——
EP EP
| X |
DITCH HIGHWAY
TOTAL SLOPE HEIGHT = XsinasinB +H|
sin (¢ - [3)
where X =distance between angle measurements
H.l = height of the instrument.
Bl 2-1 GBimypasdicits
(FH kiR 0 AR f AT
%26 L3 Ahsi
N SR 21
3 9 27 81
# B (m) 5~15 15~25 25~35 35 11 H
(FH KR Ay R
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L e A REE LT ISAY

2. \—l—'ﬂ —;/ ?ﬁ‘;lu‘ P

BB FHAFF 2 2 R T A LA A Ao T A LA
FEITL 0 ARITL L G R B E 359278 8l & o FIptE - A
Z BB RATELE2 &0 B A HEZ ARG S H SRS o & -

B3R 2 R e

G- AT - LR SRS BRE S G R AEA A R

o s lefer LT 5 22 e FEs o Ba kR 7 HEa oz

FONHA FoNLRSHIHE THRERLIBE RN HLE R
£ K Ay ) AN SR O %F"Vfilﬁ,%imﬁ_aﬁl Bt 2 AR EHEFS

IE: JJ"_' J‘/‘ ?‘;g-_'—,é\ o

d W AR ZeT RS FE AR L S e P A A2 B

PRI E R FHEIE 8 LT E T 0 Fpt 2 %3z Hoek(1995)2 F
HHBFRAREHBL I 2Z o5 sirk (1) "HALAR EHEH (2 %40
B2 AR ERFR Q) FIARERFH B FLELREREFKRE  w
Ryt L R R RV RER S S RAE L LS B4 EAE

TR L A B A 3592782814 -

5&%%3(wW)1piﬁﬁﬁﬁﬁiﬁ$$$%i$&iﬁéﬁﬁ
LR @A A 2083 Ndedk 227 #57 o F]pt Hoek(1995)4 it 4 B =4 it
A2 BT RREG RPN EKSF LB A 2T 2N o
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2 7214 (¢ 314)
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4 21328 (¢ 528)

(kiR e
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2 o
>Al
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/o ek . Hoek(1995) 2
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EN SRR EPAN ] Y

(1) ZEFLE ] (2 Z8F£LE7 % Q) ZL8FLE (4) 4&FLR
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Ay ko £ 2-8 o
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60 2% 11T ~60~139 2% -~ 140~200 2 H 2 200 2 H L BA G w A

TRFARFIFUIRLFT R NT 0 AR RR G AR TR AT
24RO RNBRRTAFTLSZ Sl NFB RA A TR EREAAT
Fo F AP R A A BRI AWML BR B R RERA L 2
P A 22492535% 3511+ S o
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ER NS S S A Lt

H G RAPHT AR o
6. BHEH T2 2 HJ|T 2 f5 3 B

g TR S BEEE R 2 R L EAEATY 12 MG
B 2 S R R 2 R T AR R EA 2 E A 2
s s (DHE BE R EABREIY 5 QeREs BEABFEN (3)
Hatkg HEARZFY ; Qe g HERABEFY T e %o

ERP I gGEEHEe AR~ 2
E AP DGR 0 VS R FA T LA ) TR SRS
E RS T R SRS RS TUE AR EEE F AT SR

ZERFR  FINE RSP IGIEPHE AR U TR REY 2

Bl o d WEAIEF TP R 2 A AMAE 0 K £

f

I

e
2

AFE R
¢ aE A 3 M5EEY R 25 11 1, 15625, 5~15, 5 T

=7 )\ 5 —= -\
‘ELALw}\A’

N

By ARSI 2% 4 5 50T ~51~200 ~ 201~500 2 500 2 F F o B o

EAPIIGEIEALE A RN RS £ EFEA 0 Pon L TIE S A

Ajhed 2.9 #7F o
8. 1 H % A %

ERRERACT PER T I REL LT ARG B b RN
X XFIFERE2ZBHE A0 B RPF - P2 A0 3£5(1)
FORPEREE AW F Q) - APEK I EE Q) - AP EK
Wierkk F EE (A)RPEREE® B Lo

RPpt HTGHEP > AT 7T E2ZLEBBRTEL LR RA TR FF 2T
bdedrd 2-9%77 0 £ 2-92. 3L EFE L IEIHEERF A 0 Bl e T iE 810 & o

R T EERTFREA RS R RS B2 B WA Fl4lE o d o

TP LA LE AR E L LR AETAZTHE  FI AT Y AR
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LHEAEREET LT BIFAYE

Bz 3% R le 53 RPN HIRG AT S Rt o FRORE AT
F BE R A 2L E IR Tid Pierson fr#k diz. RHRS &= #p[1-2] > p &
720110 A L AR 0 £ A L T B 4ok 2-10 #77 o Hoek (1995)7 4% 1 % H
Oregon "' z_ &[5 % & » ﬂ#ﬁ 1300 A MR%oom 500 A B RRY -

Virginia & j»: (2006) R 2 % 300 1 L FHE ISR FREE LB o
BPRINA Ry AT S FERITEE I E%AESBER 5 H

PR BIFESFRRMNMBELYG PR LMRGEZ O HIESREA
W[ 400 T 400~500 500 AR A LR S TSR K
RS BIRZER > [P0 B A A RD BEFF GG TR 2 B 42 0 5%

ZABEREN R FERE 2 F BREATEX 2R LE R IR DI o

24



?a?:;.

£29 LEBARETLEGRITRTFFZEL

L E T LR R R R

2 )3 e U 'S
3 | 9 | 21 | 81
Az A5(A 35 T 15)
# B (m) 5~15 15~25 25~35 35 1+
B E(R) 45 1T 45~60 60~70 70 v}
By (% - &% - - A¥F )
o Bk 2 =B 3 & 2 =B 3 &
D
« Bl i R A e I S A
- 3w [EE 2m >2m 2~3m 3m
X B2, e kim |BEE B4 N Y- &SR Br v Th
BivA2R| AH% s ) Ex KX
% Blioi B iz4 4 2 43 4 Ee 4
‘ﬁ B2iR 2ud $om | F-om | fzm | Fras
L
C.hyqin gipd fein e ERE [ EER (B kR | B ARE
BEARS | HTARY BT ARS L THEF
*fl]?‘ «N’!f «TIJ’H‘ «N’!f
D.f %(3 38~ ~¥#KF %)
AR 60 1/ ¥ 60~139 140~200 | 200 r2 ¢
2R 2 1T 2~2.49 2.5~3.5 3.5 1+
Eifz &% &y 1= 1~1.9 = 2~3 =& 3=t
Fjg & & < 22 3 50(3 7 T 19)
%7t <t (m) 0.3 0.6 0.9 1.2
HAHC+ ) (M) 200 1/ T 200~499 | 500~1000 | 1000 1z
GAt T kiR (A 78 T 35)
i $ 13 45 E(m) 25 11 15~25 5~15 5T
Tyad ~ A i/ p 50 ¥ 51~200 201~500 | 500 1z}
H. 5 32k 5 =2 s de 48
FTABBE F-APE|F - ApE
g e s s KW IR A EIPER (RS EE
N A | WA AE K D e A L S
¥ i+

(FH KR 277 2

)
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Y-8 ZFrRESNE
WH A 2 S R E R A G R A S S fE(Varnes, 1978) > 4 B i % F
(Falls) ~ ¥ &|(Topples) ~ i #-(Slides) ~ |/ (Lateral spreads) ~ /it & (Flows)
2245 & A (Composites)E > @ X £ 3RG> ¢ a T BMZ R %2 - -

<

Sow s 2 X =2 v
B AT R

B
3

LEENERAA I E G P2 B 2R T
G RERRAE R A R B RER AR T P B2 H
RN S PR E N R E R R

oo b FHRRELNFEZIRE o
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- FEEREHAL
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B A E LA L AT e

LoigdAl 2K 2 LRI 75 FF BT BRI TR Lok
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N R e

2. M A HImFE 2 B o FIh T s AR S TR B E N
MBT2z ZEe4 0 kX EREBYEE L > Ba HPETT o iR XE R

1945 Ritchie(1963)% £+ 2. /2% » F FE® 2 4|7 2 = f> 2 9 5 (1) #
iR Y45 B2 5 # N (Rollingmode) » (2) #H &R A3 45 2T T5 &
2_ B> #5° (Bouncing mode) ¢ (3) ¥4 & & < % 75 B z H5% ;% (Falling
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mode) » = 87§ FE > 2 B4 4eF 3-1 477

¥ R T (8 9052 2. B 448 > Evans £2 Hungr (1993)% 4 247 7{ #AE
ToRAZ Bl % 4 AT (ol 32 ) R T T BAko ¥ L4
3022 3% 30 B2 > @ Evans ¥2 Hungr e £ X BB B G523 4 16 Fe

AN

TR AT RE )T LELZ2I5R

Roll

E]3-1 '#i‘ ﬁ/p i”’it“]f’:

(FK %k © Ritchie, 1963)
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B 3-2 % % #4482 Fahrboschung (F)¥? minimum shadow angle (M)

(FR KR hF7 1)

FREEAERFZLIPMELZPEER > AR MBE P ERL
PH#ir T2 083 T2 7 sz)i~§§:e1fif§;z—_€‘_£ S B B
’ l,(ﬁ,f_" §‘25—"i§7€'f§-é#%7 = \ o 1] T ,g ,Z‘Q;y%p ﬁ#ﬂfﬁééjl?;’%“ ”'“Fift

d T:"';'L.-]' 3&%“},@@;}—3—:}'}% RIPEE 1A f‘”:i o
1. X F T8 &

FEHTERT B0 AN o A R AR AT
z‘\"&\‘.”—r °
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LR AREEL LT BT
HoVEF PR E R J2gH 5 fd BMER o sATG GH H LT
TERCBI33ETP A G UIRE BRTEFLEFFREERZ AT

IR B2 EEVERET PRS2 (TEER F A2 40m/sec L o
2. X EBE A

R E R B4 E LG $ (Bouncing) B3¢ 0 B F i H 6 2 B Ep
FREETFHLIEcFER)ZKRTd P ARE BHRTEZ S5 (B 3-4)
BT e d P2 B3R A~ 2803285 52 QE2 2 1 EL B
P2k 7 85T £ SEBe B R 27 3 Uit 0 Sloss (1963)4% 12k & 22 F1 & & 3 WI()

3-5) 0 T ORI L E R AT £ o

<k
o
pis

3. & % R4

EFLWEA 2 A I BREEEEFEL Bu o FIM Rl
EZFRFEELGEFAS 2] A Hertz BA VI B 5 £ ht 7 4 o8 4o

P =2.108x(mxg)”’ xA"* xH?">

BP P a2 BN miZEL2LFE(on)> g5 &4 4eid B
(m/sec’)> H 5T R B> 25 RFMGE REMH T2 ¥ 35 25 1000
KN/m® o B FRHF 5 535 - 2 5 3000 3 5000 kN/m® - RFEMH T & TH
P 2% 10000 kKN/m” o ¥ Bl 3-6 AFn p &2 G A7 5 00 | o~ 3eEsr Sep2 %
PR AR SR 302 2 TR AEL b B
4500 kN = +
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B-a 3 P fi 40 L
© o 7 g rs FHmEH o
on :‘ a ’i’ %’%E‘: ct '5
o . I'\ a “,” 50 Q. P E)'EEE \_
Erom L Fa
&ﬂ  Limasto LELfET“%
Lol o ERIZLS :
: i}l i — 60 i.AD &
A [ o]
(@) W K A b) W K B

¥ 3-4

EER2EEE R

(FAR KR ZF P RHHERL > LiEE)

M35 HRREMARH

(F 42 %k © Sloss, 1963)
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FI R LHEARFE LT AN

5, 000 - 5,000
I BEWEE B = ;
4,500 1335'"': 4,500 A =3, 000kN/m
% 4 000 | o B 4 000
% 150cm - A +
& 2,500 F 3,500 :
P A =2, 500kN/m
& 3000 & 3000 | P
" o A =2, 000kN/m'
2,500 | ; 2,500 |-
P2 A =3, 000kN/m 5 z
2.000 A =1, 500kN/m’
(kN) (kN)
=1,500kN/m’ 00 1, 000KN/ !
1,000
500
u =1 § L A J
10 20 Jo
BETEE (o) BEF®E (a)
(a) EEEE t (EEEZ 90cm) (b) EsEEM3 t (E$EEZ 130cm)
0 < 4 A =3, 000kN/m’
4,500 | /‘/
& 4,000 |- =2, 500kN/m’
X / 7
B 1500 | A =2, 000kN/m'
iE
& 3.000 -
= | A =1, SO0KN/m’
4 2500
2,000 A =1, 000kN/m'
(kN)
1. 500
MR
1,000 90ca @
120co-- M
500 l 5UCI‘ * A
n 1 1 1 J
10 20 Jo
ZET&E (n)

(C) EEKMS t (HEEEE 155¢m)

B 3-6 & F2 firlf4

(FHRER Fr@EOHER > Ld %)
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LB RAFEEL LT P

o8 WBHBFAIRR
Pk L2 R A R M T A L2 MRk S
Ak R mokE RS BARABNF LR S F LR
PR W R A ERNE R R AR T R L S o

e

THHSELSF I ZEPPMY - i
- B¥%-3 % 2 (Field testing)

- T MFRRZF AL R B TR AR G Bt 20 B d
AR SEFEEFRE A R o—@?aﬁngagzﬁjg
LHE Y AT REZEFRHPERIE S EFE FER o A D
L o LRFRFA X5 - A X 2R FHHERE B2 08
K d N ERL AR FREFLEE CBFREH 2 ETE BFHRT L

ERE - HEPRFRAL 23 P FRREZFEERES, -

<, N
£

AY

R

s

ETIRS

Iy

# 5 & 472 (Mathematical analysis)

B AT R AP RS B s L A BRI F
RAE2 ol A 47450 o d Y A 474250

B4t ER2FTRTT o47E AL TG - BB AT 2T RIE

1“'\1
"W
o]
¥
(w.
-
-3
1%
il
\Lﬂ
R
=

%;M@&:’uﬁ 2o dr iR o Pown e 55 3F S BEARNALE B Ik > e North
Carolina Department of Transporation (1985) ~ Evert Hoek (1987) ~ Colorado
Department of Highway (1988) %3573 % B 5 F 8B /258 P o 3 W& 5§ L
g * enjE B #ciE 258 5 CRSP(Colorado Rockfall Simulation Program, 1989) -
hoB] 3-7 7 o W FH E I FH2Z H- FEhpd FHES @R SN EN
BRI RERERZ 2B X AT RE LRI AR F1F 0 R H R
Fle B2 A ERY I R

= %% & #77# (Empirical analysis)

34



¥Z2F LHEARTECTAENE
Lﬁ%ﬁﬁ%ﬁﬁﬁ%wwﬁiﬁﬁﬁﬁ%Eﬁﬁﬁmﬂiuﬁﬁ&ﬁ1%'

" BREFZGHRM GG ABARE RE B REE P

PEZ) 29 &3 L2873 i{ & Ritchie(1963)% + - Ritchie A" M Ep N R
L2 WPWA RN EH B R0 T ELRERGEHRK 0 oR
3-8 475% o PR SR T 5 AR S 50 o % 0w g * Ritchie 2 2 3 R
FF A s ERAFEA S ERNRREPER ARSI F L 0
HEPRZEERIZEPRRZ TR P 2 TEZHRTFT, PRNE
FRERECBFHERZ B

o gk B FIE S Y g 0t 3 T

—\

rﬂ

P AR NN R LT R PEET L YR WY S
uﬁiﬁﬁ%éioﬂg%‘@1*§&¢%%$%w4§%@ S
PECAR T RERAPI A EmRE(ArR 3-9 1) 2 B REH 2
RE EAF PRI HWwE AT 2N A F 27 2B A28 47

SR AT RRE LA
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LHE AR FE R I

T

147 e

Bl 3-7CRSP 2 £ 45 5% £ 77 & W

(FAL kR @ Apm g FEIL)

Motion of a | Free
falling rock | fall Bounce Roll
Slope o
gradient -1 0251 031 051 0751 11 L5
1] T T T 7 1' T
\ ! |
12(— [ ‘ I
\ J ] f
\ ! ! |
N Ws2s ] i
100 = ~ "-‘ —‘—\L - / 1 I
] 1
! )
= 8k ! i
& ' i
= / I
) W= 204 / I
g e A !
% '
w ”
40r /
Weis Y
N 15\ _____ i
20 M
= ‘./" wW=10
.
0 1 A R R | A
o0 X 80 _TO 80 50 40
Owverall slope angle - degrees W

5] 3-8 Ritchie ¥ « 7"5? v €E€ 2 3E 3%

(FR &k @ 2T B2)
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28 HEAREFLAFES

- BATE

BH.FE% & 1976 £4d Piteau & Clayton 7 L4 > 4258 L4 3
Computer Rockfall Model » H #-7% 7 g = — &'V 2 B ¥4 jgiE B T 4
B Gl PR (5 L RATR 0 LvE T AR R < o e T AU
pod EA o Elp s BR R R AER G 0 2 (8 F gﬁ“)’"’b’#ﬁl’s@ﬁﬂi
FA BRI B E T A 47423 4o SASS-MASSI (Bozzolo and Pamini,
1986), CADMA (Azzoni et al., 1995), RocFall (Steven, 1998), CRSP (Pfeiffer and
Bowen, 1989), Mobyrock (Paronuzzi and Artini, 1999) ¥ CRSP 4.0 (Jones et al.,

2000)% > ApM ATV 2B 4 3-1 0 iz#t 2 7458 ¢ % 12 Rockscience 2 @ #7
WEZ [ Y 425 RocFall 2 2 R Rede § W Wt 2B R 7 A 4797 * 2
CRSP #2.5% & B f= i 2 f25¢ o

TERTABEREH R FIRFGEL O RERNEAPE 5 Gk

—\\

Bor s R4 AR R 0 Fle 2 & ) w sl B (Coefficient of restitution) o w
A (S B AR DI i SDE I S A 3 }iln\ﬂ“% MR 2 e Hm E e R
w2 i R AR (4B 3-10 for )0 g ot EART 1 B Aot o= 2R
WAL SEARY X o B A K o - A 0 B R S R EeE
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LR FE LT PR

021 2 F - w#iz#Ic¥ %7 4T (Chau, 2002) :

g < Vn
Vin
R Ve
Vit
H ¢

R, % i % w38 (4 ¥k -

Lt w SR (A R o

Py
3

Vo iR e 2 E R o
V, BRI T S H R R e 2R
V, s RBSICHG 7o 2 R o
V 2R i-Hde 2w 2R o

T %2 il Alki AT R L

V2 A RART AE AT L

Vin = (E‘FLQTI)COSO{ —isina
T 2 T,

H 1 S
=(—+—0T,)sina +—cosa
(59T =

1 1

m = (£+lgTz)cosa —Lsina
T, 2 T,
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3 Jvﬁ%ﬁi?vf‘g%:;i%/w\%%ﬁti\:g:i

»=ZF
V, :(£+lgT2)sina+£cosa
T, 2 T,

He

H:yl_yz ’ h:yz_y3 PS=EX X ¢

_tZ o

L=x,-x, *» T, =t,-t, » T, =t,

/.

[
®
|
|
|
l
l
l

(x.0,.1)

(04

B3-10 w3E T 7 B

(FH kR 25 )

% > 24w m ¥ > Chau %

2

A RN R TIET 2 B % do B 3-11 22 B 3-12 from 0 B B % I [ 3R
iz e wBiGEA043 062 F A reviBiaEi> 063 1.02 Fo

BYRT AR A R G G 2w it IR B R o d 32 4 o
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LHEAREET LTI

£3-1 F17 BHT R

EEREZIAMAT

Year Author(s) Program name Dimensions | Approach | Probabilistic
1976 Piteau and Computer 2-D Lumped Partly
Clayton Rockfall Model mass
1982-86 | Bozzolo and SASS—MASSI 2-D Hybrid Yes
Pamini
1985 Bassato et al. Rotolamento 2-D Lumped No
Salto Massi mass
1987 Descouedres Eboul 3-D Rigid body | No
and
Zimmermann
1989-91 | Pfeiffer and CRSP 2-D Hybrid Yes
Bowen Pfeiffer
et al.
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 No
mass
1998 Stevens RocFall 2-D Hybrid Yes
1999 Paronuzzi and | Mobyrock 2-D Lumped Yes
Artini mass
2000 Jones et al. CRSP 4.0 2-D Hybrid Yes
2002 DAMOCLES STONE 3-D Lumped Yes
project mass
(FAL kR hF g )
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(FH %

(FH Xk e

¥ =

L H AT 5

PN QAR LS TSR & il

80

1.0 A
M:

—e—6.05g
0.8 1 -a-153.64g

By oa 204339
0.6 A

o
04 -
0.2
00 I I I ]
0 20 40 60
o (degree)
Bl 3-11 R, w3 i2#:#% % % (Chau, 2002)

AR )

10 N Py
0.8 1 R e Al
06 - N
o 1S
04 - —e—6.05g
--u-=-153.64¢
0.2 A ceeaeen 204.33g
0.0 T T ! '
0 20 40 60

o (degree)

Bl 3-12 R w3& 3885 % % (Chau, 2002)

A g )
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%32 vwHpEkEHE

" Value Value for | Value for ¢ 1 | "
Reference for R, R, R, Type of material on slope surface
0.65 - .
0.75 0.8-0.9 | Solid rock
Piteau and Clayton 0.45 “105-08 Detrital material mixed with large
(from Pasquero 0.65 ) ) rock boulders
(1987)) 0.35 “104-05 Compact detrital material mixed with
0.45 ) ) small boulders
02-03 |0.2-0.4 | Grasscovered slopes
0.53 0.9 Clean hard bedrock
Hoek (1987) 0.40 0.90 Asphalt roadway
(based on 035 0.85 Bedrock outcrops with hard surface,
unpublished ) ) large boulders
information from 0.32 0.82 Talus cover
DOT in USA) 0.32 0.80 Talus cover with vegetation
0.30 0.80 Soft soil, some vegetation
0.37 -10.87 - .
0.42 0.92 Hard surface paving
0.33 - 083 " | Bedrock or boulders with little soil or
. 0.37 0.87
Pfeiffer, T.J., veetation
Bowen, T.D. 0.83 g
(1989) 0.3-0.33 0.87 " | Talus with little vegetation
0.3-0.33 | 0.8-0.83 | Talus with some vegetation
0 7] 0.8-083 | Softsoil slope with little vegetation
0.28 -10.78 - .
0.32 0.82 Vegetated soil slope
0.315 0.712 Limestone face
Roboth ME 0.303 0.615 Partially vegetated limestone scree
obotharn, e 0.315 0.712 Uncovered limestone blast pile
Wang, H., Walton, - -
G. (1995) 0.251 0.489 Vegetated covered limestone pile
0.276 0.835 Chalk face
0.271 0.596 Vegetated chalk scree
Dolomitic limestone boulders on
0.2 0.53 rocky surfaces and on talus desposits
Budetta, P., Santo, Y P
A. -
0.1 0.2 Remolded pyroclastic from the

terraces

(FA &R : A4 F )
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$Zd LHEAMREL LT AFRNE

It

% 32 wiE 28aEE E(H)

0

0.24

Impacts on detritus of the fans present
at the foot of a rock cliff

Chau, K.T., Wong,
R.H. C.,, Lee, C.F.
(1996)

0.393

Soil

0.453

Shotcrete

0.487

Rock slope

Giani, G.P. (1992)

0.5

Bedrock

0.35

Bedrock covered by large blocks

0.3

Debris formed by uniform distributed
elements

0.25

Soil covered by vegetation

Pfeiffer, T.J.,
Higgens, J.D.
(1990)

0.37
0.42

Smooth hard surfaces and paving

0.33
0.37

Most bedrock and boulder fields

0.3-0.33

Talus and firm soil slopes

0.28-0.3

Soft soil slopes

0.87
0.92

Smooth hard surfaces such as
pavement or smooth bedrock
surfaces

0.83
0.87

Most bedrock surfaces and talus
with no vegetation

0.82
0.85

Most talus slopes with some low
vegetation

0.8-0.83

Vegetated talus slopes and soil
slopes with spares vegetation

0.78
0.82

Brush covered soil slope

Hungr, O. Evans,
S.G. (1988)

0.5

0.8

Sparsley forested slope is
covered by a veneer of very fine
weathered talus derived from
weak shistose units underlying
the limestone cap.

0.5

0.8

Limestone on bare uniform talus slope
formed of basalt fragments with a
modal size of 5 cm.

0.7

0.9

Rectangular bolder of metamorphosed
tuff on bare rock and a steep snow
covered shelf.

T

(FA s A g K
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LHEARAREE LTy
= & 3~ % ;% (Discrete Element Method)

EERRREZ AT 2 N H BARM S MR B FEEL TR B 2 ik

EAYTS E24r} A2 AT UEA 2 E 0 L EFF T 2 0 FP LA
FERARM A E RIS TR RGHE 2 ERAGRE] 2R d TR

o R H R X2 f B % pE#E(Piteau and Clayton, 1977 %) o fe ¥4t H 5% ¢
THAT B2 i s HPEH2Z A~ 2 2R g8 e i vk g
EEG 2GR EPEZHE D FILRPBE AL ZF R ERERY P T
Ve dg 2 sk kA o

dNEFAAR BT RE R I AR E R 2 2 p R 2
RE > EZHEY U FAFHLBERETF R BKEAF S WA A E 2
(Discrete Element Method, DEM)*® 2z i# %] =~ % ;# (Distinct Element Method) ¢
H_7 i § %354 7% (Discontinuous Deformation Analysis, DDA) % - p = B p
hF OB R R A7 2 212 5%F * R A 5w #F(Cundall and Hart, 1989)
% 4] % Discrete Element Method ~ Modal method ~ Discontinuous Deformation
Analysis 2 Momentum-Exchange method » % = /2 A#BH L2 2 45 » fﬁ_‘i&p
WELF B F 2. 4 3 % % (Discrete Element Method, DEM)#2 7 i# 3§ %35 4 47

i (Discontinuous Deformation Analysis, DDA)i& {7 fi if o

1. &&= 224d Peter Cundall (1971) 74| > H 12 &g ;% pF fF 3 & = 2 (explicit
time-marching scheme) % f%:& # = 42 ;% - Cundall and Hart (1989)4% ! ¥}~
PAFzherse g UTAE AulL(l) LFEFBHAEL G LD 2
g FIEBREF R Q) FEEHRY 0 P p BRI
ZEA o A EFZAZT ARV EVH P FE 24P
B #2353 TRUBAL (Cundall and Strack, 1979), UDEC (Cundall, 1980;

Cundall and Hart, 1985), 3DEC (Cundall, 1988; Hartet al., 1988), DIBS
(Walton, 1980), DSHEAR (Walton et al., 1988), £2 PFC(Itasca, 1995)% -

DA AL F BT LR35 m o ko S A EA
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2.

P2d O LMEAREE LA NESE

\\\

R SRR 5 - AP SR R O R A
léﬁ%ﬂﬁﬁmﬁ%ﬁiFJM1%4&%&*’ﬁé”tﬂé’ﬂ
* bl R E 2 A 0 e £ HLARIE B § 32 55 (block kinematics) T B
2- A BicEdd A7 02 c A RFHRAULITEE D PR ILR
FRAGEFLEN A IR 2 LB ANBLEEAERG
I AL RS W I BSOS SERPIL ) AR SUE R I F AN S
AR IT A od ARFRUAITZD LFEAPAZT H T L

* 7

BoFHERIBFHMZAEEFE AN IR T L B a7 S
2 Ao poave gFRE N2 pk 428 3 DDAD (Ke and Bray, 1995) > k|
1+ DDA (Ku % %, 1998) » Berkeley DDA for Windows (Sitar, 2001) % -

w44 H ¢ B w) ~ 2 % (Distinct Element Method) ~ 7 it 3 %25 & 472

(Discontinuous Deformation Analysis, DDA) 4" i 4c ™
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46

04

a3

02

a1

2000
99

98

97

96

25}

94

93

92

91

1990

89

88

87

86

85

84

83

82

81

1980

79

78

i

78

75

74

F

72

71

1970

~——  UDECVers. 4.0

- UDECVers. 3.1

UDEC Vers. 3.0
{with FISH)

- UDECVers. 2.0

- [UDECVers. 1.8

- UDECVers. 1.7

-  UDECVers. 1.6

- UDFECVers. 1.5

- UDECVers. 1.4

- [UDECVers. 1.3

- [UDECVers. 1.2

- UDFECVers. 1.1

- UUDECVers. 1.0

UDEC (test bed)
{Cundall, 1980}

{Cundall, 1974}

{Cundall, 1971}

IDEC Vers. 3.0 PECP Vers. 3.0
PEC Vers, 3.0
PEC?, PFC3 Vers. 2.0

3DEC Vers. 2.0

(with FISH)

PECP, PFCE Vers. 1.1
PEC, PFCSD Vers. 1.0

IDEC Vers. 1.5

ANDEC Vers. 1.4

3DEC Vers. 1.3

3IDEC Vers. 1.2

IDEC Vers. 1.1

3DEC Vers. 1.0

{Cundall, 1988, Hart et al., 1988}

3DEC (test bed)
{Cundall and Hart, 1985}

DEM (special geometry}

B 3-13 Aa~3

(FH &+ RT2)

REM, SDEM, DELOCK, (FORTRAN}
{Cundall et al., 1978, Cundall and Marti, 1979}

General DEM (machine language}

z

“~

TRUBAL

(Cundall and Strack, 1979}

3B R
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$Zd LHEARTE LTSN

\\\

(=) ~ %]~ % (Distinct Element Method)

Bal g2 50 RAMEETLAME 2 @ Far a3 E N ko
FTEAFTFE GNP ERE TR G MR (FZAEM) {orpRti i
2.4 85 21989 & Cundall %% DEM 3 B3 & B4Fgk (1) osF By
FAAF U HB 2 EH > ¢ LT e A dto (S bE Y Emy
o BOEFFRIATARI L 0 Toac 2 A A2 R Ek

DEM j# A & 2 BHF B 7 U T FEFRMP ¢

I 7 i A 2 4200 3

BART chiafl > X7 A 5 A BB B - A 3 PEAY AR

BARER @A AL > RFAME) B A GURASR kLT B
Fenbl oo B ERBA AL SR HER R B R4
2. B2 AL
BARH T e A SR E v R - Skt A48 K
Lz 3 M BRI ZH2 S RO T 235 2 4

HHEE RFHMIVENW MET ARG ZAAHBEE S 4G R
ﬂ\£/7% 'E‘o

3. BB AR 2 @R
B AR g A a2 Rl A G BE s B G o) Bt R e

¥y Hart & % (1987)#7 2_ 3 * i %] ~ % ;2 (Universal Distinct Element
Code, fjfi- UDEC) Gy A 3~ 22 LR/ TH = o P2 Bl g i d

F S BuRBESsn 2 WP d 808 72350 AR SRV H

MR he 8BRS PEVART A Z2Y 2R o EFRN S
7 % (Interface element)2. > 3% 5 48§ = Folkps 207 o ~F 007

ol 22 ]
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L FEAMEELE LT IAAY

28 Sah BEFLE RN SIS E I GRS SN E R RN P

B2 R AR: $LEDRHEG o EA AR TE AR ZER R E

BHABZ T HTI FALRAA G 2 082 RS EA T FHEK
=T

wﬁ@%“&ﬁfﬁ%%é€14§iﬁﬁﬁ’ﬁﬁf£%%%*@*

(w.

UDEC iedf kiR 2 ¢ A g e i) - B im- T gz g R e =
Bofe b d B EIEABT A2 5 2 &7F 4 (Contact force) » @ # i 5

Hor@ 2 feffd WA T - Y BHATZ SRR o pHA L2 E

L EBNE B R R R AR EPE A AN IR R %
B v grhd BB o F R RN RIS
£

+
i B E T - BRRREML L 2 4 T
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2% LHEARZTCTAPHENE

\\\

(=)~ # 13 % %8354 ¥7/# (Discontinuous Deformation Analysis, DDA)

AT R A3 B B2 4] < S R H 23
BRI LT B WA R AL R G e
Piteau and Clayton, 1977 &) e 430 jx ¢ FH.4p 5 B2 mfE S 38 d 2 i
PR 2 RORPIZ B H B R SR s pREKE 2 5 R B PR R F

AWALF L PERER > DF I L S Rtk -

73?%”Qﬁma?ﬂiﬁ4*1%8ﬁ%ﬁ*’ﬁé%ﬁ%¢,ﬂ?
Bl B2 o E Z2_ B 4918 & B 12 75 (block kinematics) #7174 & ) 2
BE A7 c BRERE 2 A AT LT (1) & - BAyr~Z ()5
VIR R R s (2) B EE AT F L R B FSEM B
EFoQ) AMEZREAR »FaKRS 2t s - FRAHRIBTEG
REPREL (4) LBELNFREAE-E - PREI 22w 8T 4 B
Wi fg 4 2 Bk (5) T- R L I9% E$ 4 T gr(dynamic equilibrium) »
(6) 4§ ¥ 352 3~ & # B~ fr ¥ 2 (penalty method)

DDA j# thd B E1fei{r2 Al Forg B Bapangiii* 2
A% 2 (FEM)IE 5 800 > v A 12 e L B 2 £ B > At i RjET B2 4t
Lig A 2. o F (element) iR 5 T A A2 MLEE AR R (T2 5 1A oo -
dkm 3 o FEM M ~Z2 282 #HpFokaFafuesagt » ~3
FARAEAV A4 ¥ DDA R LFRMEAZY R0V a4 T

“,'

S}"—j/\'

# A i BT a ool ,DDAﬁEE@ﬁ“Qgﬁﬁ_%ﬁ%i@ﬁiﬂ s Y
F2 Bifmas ~ $emi

FPAFHATELEES T viRT 1984 &2 DDA F ¥ ;% (Backward
calculation model) > & & ;W R ut 2L X ME BT E 2 BB B B E R4 R

BIEAE AT F I S T BGhF PR BB I B ELY
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IETRIE S S R E S ErCE

B2 A8 & Gk By P2 B Slic e 21T EE L3 1988 &
HA AT A R4 £ k%2 DDA I & 7% (Forward calculation

model) » I B H542 JI% Bl it £F KB SN2 B A KR E
B~ 22 4 ~ BB R BEEE A7 2 0 F L FR s AT Y
2h2_ 8 %58 F (coupling spring)2- ¥ & (stiffness) » DDA 7 ¥ 4@ 482 4 & i7
» (74P % AT iR 0 DDA 20 3255 7F 4o Rl 3-14 #7577 o

d A TFEE A i R SE R 1T IR A 2 B PR & ER A E Rk 0 de
PFC™ » PFC™ % 425% » #2032 7 SRR 2t 5 2 12
4] o m DDA A2\ ¥ & 3F 42550k 2 1] o

DDA |

Energy Method |

Numerical integration method Physical mesh Block Kinematics
(Blocks can be any shape ) ( Newton's Second Law )

Simplex Integration | Physical boundary | Contact Problems Joint interface

(joints,bedding,... etc.)

Penalty method Mohr-Coulomb's criterion
Lagrange multiplier method
Argument L. M. method

F 3-14 DDA 2 % % #7 L F

(FH KRt AT g L)
2. A RFRAAATLER FAH

DDA 1 & 2 Bz P end % 3N 2 7 Bk 2i(Block system)z. 4 & %

o HEHe Zre Bk et BREL B fogr b fi 2472 50 4 - DDA

2o 1 & PFET R AT

(1) T 5 F B85
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HEARE R LT ARG E

DDA £ 4 ## L8185 fi 2 24540 4 » s 5 A 47254 > o 22 DDA 51 » 7
EHE Y 2 T AR o KT ERHARE B L B 7 5
Af et P > HiE B 2 F - PR L (time step)2. B 4e (B o AdF ik A 473K

(3) ARz mE

DDA ¥ > gt ffiz A E i F - B2 o4

A

2 % o DDA F P *
Bol it B2 TR m s g A2t o Tt E - PR RO F KR 2

ﬁi‘E' ’ T' 1,_13%1’" l‘ Wlfi";}*’*i’r ’ #B";'— ﬂ“%‘gié\ﬁ‘r’:& »°

(4) P 4202 & fp k2 Rfamz S et

AN

dORER T EN LS S P R R R k2 w5 fele o DDA P
PE R B EEY 2 B A3 E S Y 2 543 0 %2 (Successive
Over-Relaxation, SOR)i& {7 £ 23+ &

(5) ERFEH LB T HR i

d 3 DDARAAF G- B EAPFHEF 0 SR EAMT 24T 25 »iEiE

”n

DDA # E T B BEHEEL 247850 T s - RS L BAE IS L
BT 2 g » 2Tkt mEAFFHL2LELSE Y 2Tk BTk
o
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d *> DDA # * Simplex fg» > B U ABEF A Z2FEHFAL TR B H
A2 B R E ALK (e 358w 835) F] Simplex ff 4 F H X R A5k T

A ’EI;&‘DDA—L;J—-%& ’i'ﬁ’a'gn = R
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62.00 | 391.38 | 391.38 | 736.09 1.88 391.10 | 391.23 1.88
61.00 | 391.38 | 391.38 | 706.08 1.80 | 391.48 | 391.08 1.81
60.00 | 391.38 | 391.38 | 677.90 1.73 391.50 | 391.06 1.74
59.00 | 391.38 | 391.38 | 651.37 1.66 | 391.50 | 391.06 1.67
58.00 | 391.38 | 391.38 | 626.35 1.60 | 391.50 | 391.06 1.61
57.00 | 391.38 | 391.38 | 602.68 1.54 | 391.50 | 391.06 1.55
56.00 | 391.38 | 391.38 | 580.25 1.48 391.50 | 391.06 1.49
55.00 | 391.38 | 391.38 | 558.95 1.43 391.50 | 391.06 1.43
54.00 | 391.38 | 391.38 | 538.69 1.38 391.50 | 391.06 1.38
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41.00 | 391.38 | 391.38 | 340.22 0.87 | 391.42 | 340.27 1.00
40.00 | 391.38 | 391.38 | 328.41 0.84 | 391.42 | 328.45 1.00
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38.00 | 391.38 | 391.38 | 305.78 0.78 391.45 | 305.84 1.00
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20 9.03 5.21 3.29 0.63 8.95 3.26 1.00
25 9.03 5.21 4.21 0.81 9.03 4.21 1.00
30 9.03 5.21 5.21 1.00 9.03 5.21 1.00
32 9.03 5.21 5.64 1.08 9.03 5.21 1.00
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Ditch Design Chart

-

’7 Slope height 4‘

Figures taken from FHWA Manual 'Rock Slopes

30 deg - slope angle

o _| Depth (D)

Width (W)

Rock falls on slopes

November 1991 USDOT Chapter 12 Page 19.
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LONG-RANGE LASER PROFILE MEASURING SYSTEM

LPWI=-2[

The Laser Profile Measunng System
LPM-2K is designed for the automatic and
manual long-range profiling of surfaces.

The syslem comprises the Laser Distance
Meter LD90-3800HIP-LR, which allows a
precise range measurement up to 2500 m
without the use of retrorelleclors, and the
Pan & Tilt Mount RIEGL PTM for position-
ing.

Both the LD90-3800HP-LR and the PTM
are integrated in robust, dust and splash-
waler proofl housings and are therefore well
suited for use in harsh environmental

conditions.

)

The powerful soflware toal
LPM-SCAN is available for
dala acquisition, visualizalion
& analysis.

< A12 V accumulator is suffifient

~ to provide the necessary power,

RIEGL

www.riegl.com LASER MEASUREMENT SYSTEMS
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Technical data RIEGL LPM-2K

Distance meter performance

Measuring range depending on the reflection coefficient  of the target "

good, diffusely reflecting targets, p >80%
bad, diffusely reflecting targets, p =10%
Reflecting foil #'or plastic cat’s-eye reflectors
Accuracy ™

Resolution

Measuring time ¥

Beam divergence *

Telescope

Laser wavelength

Eye safety class according lo ®
IECE0825-1:2001

up to 2500 m

=800 m

2500 m

typically £50 mm

10 mm

025upto1s

1.2 mrad
magnification 3 x 20
0.9 uym (near infrared)

yo' el i
Tl Llain Fadodt

Pan & tilt mount performance
Scanning range

Positioning accuracy
Angle readout accuracy
Scanning speed

horizontally: + 180°

vertically: +135° to -60° "

typ. £ 0.01 gon ®

+0.01gon®

max. 40 gon/sec (horizontal and vertical)

Physical data
Main dimensions * (LxWxH)
Weight
Protection class
Caolor
Power supply
Power consumplion

Data interface

oplion:

standard:

232 x 300 x 320 mm

approx. 14.6 kg

IPE4, dust and splash-water proof

grey & black anodised

1M1-18VvVDC

approx. 15 W (standby)

approx 50 W (both motors in operation)
R5232, adjustable up to 19.2 kBd or
R5422, adjustable up to 38.4 kBd
Ethemet TCP/IP interface, 10 MBit/sec

Temperature range

Operation
Storage

0°Cto+50°C
-20"Cto+70°C

" typical values for aueragf conditions. In bfi?_lh'l sunlight, the operalional range is considerably shorer than
t

under an owercast sky. At dawn or ai night

& range is even higher.

2 reflecting foil 3M 2000X or equivakent, minimum dimensions 0.45 x 0.45 m’
% standard deviation, plus distance depending error €+ 20 ppm

4 selectable via RS232

5 1 mrad corresponds to 10 cm beamwidth per 100 m of range
% for the unscanned laser beam only. For a scanned beam, eye-safety is achievable.

T with respect to the horizontal line of sight
5 400 gon & 360° 1gon & Q9
¥ see dimensional drawings



Kﬁ'ﬁ’ﬁf"‘

= T R R AL

Elements of function

Carrying handle

Verlical scanning
range +150*

Handwheel for
verl. posilioning

Pan & il mound
RIEGL PTM

10poie sockel for

Telescope

l

Laser dislance

meter

LD80-3800HIP-LR

power supply and
dala interface

OMNIOFF button

4pole sockel for
ethemel interface

Tpole socket

for joystick

Adjustable tribrach
wilh bubble level

Dimensional drawings

320
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Scope of delivery and accessories

Basic Configuration LPM-2K.

® Laser Profile Measurement Systemn LPM-2K, comprising: laser distance meter
LD90-3800HIP-LR, pan & tilt mount PTM for hand and motor operation, data interface, and
power supply.
Comes with connection cables, adapter for tribrach, and user's manual.

® Software License LPM-SCAN® for configuration of the scanner system, data acquisi-
tion and filing, on-line false-color-encoded visualization of 3D images, data logging for
off-line analysis, 3D image data storing, basic data analysis, runs on PC or Notebook with

parallel port (WinNT / ECP-Port recommended).
* for operatng System WINDOWS XP, 2000, NT4.0, and 9598

» Software License RIVIEW", a compact and easy to use visualization utility for 3D point-

cloud data ('3dd' or"3pf files oblained by LPM-SCAN).
* for operating system WINDOWS XP, 2000, NT4.0, and 98

Options & Accessories:

® Software License for Library RiScanLib® for straightforward implementation of data

acquisition in user applications, based on COM technology.
" lar oparating system WINDOWS 3P, 2000, NT4 0, and 9598, examples in Visual G+« and Delphi

# Ethernet TCP/P interface, providing smooth integration of the LPM-2K data into a
10 MBit'sec, twisted-pair (TF) Local Area Network (LAN). The interface acts as a server
allowing remote configuration and data acquisition via a platfrom independent TCF/IP
interface. The Ethemet Interface comes fully integrated in the LPM-2K, with interface cable
gmlong.

* Joystick for fast manual positioning and alignment, cable length 3 m.

® Zoom telescope with 3 x 20 magnification.

® R5422 interface card, necessary when using a Deskiop PCI or Motebook PCMCIA,

® Heavy-duty carrying case with 3 hinged handgrps and wheals, splash-water proof,
foam-lined to fit shape of LPM-2K, batiery, charger, and accessories.
Dimensions 820 x 520 x 290 mm

* Adjustable tribrach, extra stable quality, with bubble level, for mounting the LPM-2K
on a tripod,

® Stable, professional tripod,

® Tripod star for smooth surfaces,

® Holding device for Laptop, adjustable, fitting onto tripod.

* PhGel rechargeable battery, 12V, 12 Ah, with fuse,

® Adapter cable for power supply with plug for cigarette lighter and banana plugs.

® Automatic charger for PbGel rechargeable battery, 230 V or 110 WV AC, display of
charge status, short circuit proof.

Informalion contained herein is believed 1o be accurale and relable, However, no responsibility is assumed by
RIEGL for its use. Technical data are subject io change without notice. Data shaet, LPM-ZK, 1072002
[ RIEGL Laser Measursmant Systems GmbH, A-1580 Hom, Ausiria
Tiel.; +43-T9E2-4211, Fan: +43-2082-4270, E-mail: ofoefbniegl ool
RIEGL USA Inc., Crlarco, Florda 32810, LSA

Tel - =1 072480627, Fanc +1-407 2452636, E-mall: infofBrieghusa com

RIEGL v L, Tokyo {E40013, Japan

Tel.: +871-0-302-T340, Fax: +81-3-X302-58413, E-mai oficefriegidapan.cop
LASER MEASUREMENT SYSTEMS RIEGL Scandinavie AB, 68026 Julta, Sweden

Teel.: =B-7 5001583, Fan: «88-150-91581, E-mall: swarovaki-opikiFrieg se
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KEY FEATURES

BROADER BUSINESS OPPORTUNITIES
T Trimbla® G5 Serias™ J0 Sosnnar captures

Vepsatide, portable and eogy-to-use
360" Indaos and outdoar scanning
700 m addressability

Read-time true-color acquisition

Integrated Serveying™ solution with GP3
and oplical total station data

coordinate s and texdure data 1hm|.|g'| keading:
#dge technology and unique fesfurel, cering
SpEOrtun At Tor Suieimd activited feot
posainde with waditional method or lowe
performancs wcannery. The G5 Sernen offery
extremes weriatility 1o mest the challengs: of
sy sxateg and few matkel opporbanibiss
It quarantess data sets that underpin
advarcéd and compelling delvarabiles via
Trembles 30 dats-editng office woltware

UNIGUE. POWERFUL FEATURES

Saimne of the powerul feamares offered by

the (35 Saries include metorized mdoar snd
eutdoor wanning through 3607, and optimized
parformancs up to 200 m {Trmbls GE200™)
Tramlrles unbquee OverSoan™ techngl ogy
erables data capture up to 350 m {Trenble
G5200)

Creboard video technology provides reaktime
true-cakor scquisition, panaramic snapshot
cagabildy for enhanced soene fram g, and
masltiple zoom facors for hlgh-r:sqh.rtron
mage acquitition

INCREASED PRODUCTINITY

Thet G5 Sérids” accurady and spedd, along

wirth flexible autamatic or wser-definalsle s2an
DATAMETArs, can mve up to B0% of time and
labior rescarces inomany sunveying spp lioaticns,
particularly when combined with Trimbles

30 dara-edimng office software. Witk the

G5 Series” top adaptorn, eperence Trimble's
Integrated Surveying sehution, which comb ines
seanning, GPS, and optical total station data
for excepmeonal efficency in the field and
office

Bacsute it ¢ compact and lightweighi

with fast set-up, the GE Series is extremely
manduverable inthe field One-perion
SpEratien is poib e, which saves labor ot
even further

The sy stem ig also WF Fraady, end an be
coritrnlbad by the Trimble Raoon™ contraller
unning the Microsoft® Pocket BT operating
watermn. Run Trimble data oollection
doftwafe together with acy othsar Podiat
FC applications desigreed 1o enbance your
buzinen

FAST RETURN OM INVESTMENT

The Tremble G2 Series 30 Scarrer i ideal for
evaryday use n oo vaniety of appleations, 8o
wou can higve feturn of youl fvestment
quackiy

Further ensre your rate of return with
industry-leading on-board mitellgerce

It ofters enhanded dats pre-prodesting,
outomizable pammater gettng. suto-foos
mranagernerit, and dynamig filter ng A sty
upeto-diate on these and other fundticnalitie:
with regulsr high-level firmware upgrades

@ Trimble. |
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TRIMELE G5 SERIES 3D SCANNER

THE TRIMELE G5200 AND TRIMBLE GE101 30 SCANNERS
Figures thown are for the Trimble G5200_ Figures for the Tamble
G5101™ are thown in parenthedss

GEMERAL
Instrumant typs Lorg-rangs asr mappng tymem
Matralagy mathod Timé of fligha
User fiterface. .. Trirnble Recon, Notebook PC
Data mterface Ratwoork TCRAR Wirelezs WiF (optional)
SYSTEM PERFORMANCE
Addresnbilmy To0 m (ann m)
Range uging Overican. . 2-350 m (200 m)
Standard rangs e 2=200 m {100 m)
Seannang ipesd s 15 5000 paints par second
Standacd devintion
g fm) 5 Fi S0 .0 150¢ 0
% ko
Multizhat . es: user-definatile number of shots per point
Minirmeum resobution 3 mm @ 100 m (32 prad)
Fiahd of visw
st izantal ] v 360
Vertical 0% Gangle inchuded)
Lager type | puale=d
Safety Clnaz 2 (31 CFR§1040 10) / Chace 3R (IEC 60825-1)
Lagar bewm dinmatar Fnm & 50 m
Oreboard video TER = 57E color rezolution
reabrime video trarsm s on
Video zoom factor. cater up to 5.5 times
Video mapshol ... ............... yes SUloMaLic piclure massic
?mewmelimu rezodution
Paint capture modes KYZ
X‘I'Lporﬂormhm

X L returned intensity (2 b = 256 grayscale)
XN Z, RGE true color (8 bt per channe ()
XY I, erlentation, returned intengity, RGE true color

PHYSICAL

Scanner

Drmangicn 240 mm 0= 270 mm W = 430 mm H nl;i.ldnghlndlu

Weight i ! dak 136 kg (292 1)

Pnu.r!i-dj Uait

Chrma rigicn 105 mem D « 200 mm W = 65 mm H

Weight 15k (33 1}

Transporiation Box

Danermiong . 45 mm O = 450 mm W » 435 mm H {airlne checkable)

Weight 128 kp (28 2 )

Environmantal

Opesd 5N temparature 2t 40 AT

Storoge temperature =30 10 50 T

Seabng o . IP53

Shiodc ]'MI |’M3 'trl'u:n:lrmn‘tlm ntlndid coamd

Humidity nareoddeniing stmosphars

Electrical

Porever pupply AC 90V AC-240 'V AC, 50 Hz-60 Hz
DC 24V, nominal

Standard Accassering

Trarempeortation traraportaton case {airlne checkable)

Protective window cover

Regirration targets 50 Trimbrle reflective targets (adhesive)

Prrwar ALz Power wupply

Cableg . AC and DC power cords

Etharret.to-Notebook o Ethermet.-to-Trimble Recon
Tranble 30 Scannar Fleld Software K Trimble Recon, Notsbook PC

Dptions
Additicnal regatiation thrget Pack of 10 Trienkis reflactoe targets

(adhetive)

Cor battery cable kit 10 m
Backpbck
Operating System Requirements
Trinbhe Recan

Oparaling HEMeMm . ... ... Micrasoft Podeet PC

Progessor ........ ; oo 400 MHZ Intel FXA250 Xicmle CPU

RaM.............. ﬁmmu,mmnmwmuhw
Notebook PC

Cperating syitem Micresoft Window® XP

{Pfol'tﬂmator Heme edmion, 51 or higher)

Windows 2000 (5F2 or higher), Windows NT 4.0 (56}

L ki e 1 GHE Penvtium I o sindar
{2 GHz Pentium IV or higher recommended)

Geoereferencing . yer uging standard nurveying tripod e ey 156 ME (1 GE or higher recommended)
Dlapley ...l £4 ME 3D Open GL graphe: board
(138 ME or higher recommended)
P Eimbds L iy e s e o imde GEIGY
ﬁm-—mﬁ-m g Bt P S T g it 3 Aprws phan kor stasched dods cxohm of foor sholy, oadiisece
I, (LN (F famg ad Corirmn e a1 Dl e My v L v, .3 eoubwanast of Bipad 3 T XAy B WC-ON WO FAD POkt PC Wi
i " o - - Al By

i e ———— T e

it SUB BT ¢ R e WA OF Podine.
NORTH AMERICS ELIRCHE ALIA-PROIAC
Ttk Engnesning & Trimbla Gty Trimbie Mawgatisn
Coretnten Gitp A Frisee Pt 11 ngipére Py Umed
SA75 Klleribusger Road BEA T Riinhim « GERMLANY 0 Mg Parde Raad
Diphon, Ol A5E04-1000 UG8 +4RE141H D00 Phins B0-06, Pyrbay Parade
S00-535-TE00 (Toll Fres) +AA14 - H 00550 P AR = SIRGAPORE
+1417- 2455954 Phore +E5-6348-1H T Phone
1123 P +ES- G348 3130 Fax

@ Trimble. |

www. trimble.com

TRIMELE AUTHORIED DGTREUTION PARTNER
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Cr- N T X Stk $
- B 52 +2¥ =
Mrer= Wil S lE ik
v 38 £ i 3% £ (Rocscience)
RN ( Normal ) RT ( Tangential ) Type Verification
Standard Standard
Min | Max [Mean Min | Max [Mean
Deviation Deviation

Tested using simulated rockfalls of similar

size and shape of a previous rockfall.

0.370]0.420] 0.870]0.920] Hard surface paving

Bedrock or boulders with little soil
0.330|0.370 0.830(0.870 .

or vegetation
0.300{0.330 0.830(0.870 Talus with little vegetation
0.300/0.330] 0.800/0.830 Talus with some vegetation

Soft soil slope with little
0.280|0.320 0.800|0.830 .

vegetation
0.280|0.320] 0.780|0.820 Vegetated soil slope

Tested on restoration-blasting slopes made of

four types of materials; blast-generated rock

fragments, partially vegetated scree on berms,

uncovered blast piles, and vegetated quarry

0.315 0.064 0.712| 0.116 |Limestone face
0.303| 0.080 0.615| 0.170 |Partially vegetated limestone scree
0.315 0.064 0.712| 0.116 |Uncovered limestone blast pile
0.251| 0.029 0.489| 0.141 |Vegetated covered limestone pile
waste.
0.276| 0.079 0.835| 0.087 |Chalk face
0.271| 0.018 0.596| 0.085 [Vegetated chalk scree

0.384| 0.133

0.200

0.687

0.530

\Wood platform slope at 45 degrees
was used as a control for the field
tests they did.

0.130

Dolomitic limestone boulders on

rocky surfaces and on talus
desposits

Tested as control parameters

Consisted of hand made throws and free fall
tests by fragmentation of rock using

explosives, of dolomitic limestone boulders on
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Remolded pyroclastic from the rocky surfaces and on talus deposit of the
0.100 0.200 terraces situated at the base of the
cliff

landslide fans. Also used back-analysis, and
information from Urciuoli.

Impacts on detritus of the fans
0.000 0.240 )
present at the foot of a rock cliff

0.393 0.567 Soil

Tested by dropping 3 to 5 cm cuboid and
0.453 0.737 Shotcrete angular granite rock fragments onto slopes
0.487 0.910 Rock slope

0.500 0.950 Bedrock
0.350 0.850 Bedrock covered by large blocks
Referenced from tests carried out by Barbieri
Debris formed by uniform
0.300 0.700 y etal.

distributed elements

0.250 0.550 Soil covered by vegetation

0.530 0.990 Clean hard bedrock
0.400 0.900 Asphalt roadway

Bedrock outcrops with hard surface,
0.350 0.850

large boulders

0.320 0.820 Talus cover
0.320 0.800 Talus cover with vegetation
0.300 0.800 Soft soil, some vegetation

0.370[0.420 Smooth hard surfaces and paving  |Developed by observation and literature
review

0.330(0.370 Most bedrock and boulder fields

0.300{0.330 Talus and firm soil slopes

0.280|0.300 Soft soil slopes




Smooth hard surfaces such as

WA Z v R dE R A

0.870]0.920] pavement or smooth bedrock

surfaces

Most bedrock surfaces and talus
0.830[0.870 . .

with no vegetation

Most talus slopes with some low
0.820|0.850 .

\vegetation

Vegetated talus slopes and soil
0.800|0.830 . .

slopes with spares vegetation
0.780]0.820] Brush covered soil slope

a) rolled many rocks down the slope to verify

used values b) comparison to historical

rockfall events at site

0.530

0.040

0.990

0.040

0.530| 0.040 0.990| 0.040 |Clean Hard Bedrock
0.350( 0.040 0.850( 0.040 |Bedrock outkrop
0.320| 0.040 0.820| 0.040 ([Talus cover

0.320 0.040 0.800| 0.040 ([Talus with vegetation
0.400| 0.040 0.900| 0.040 |Asphalt paving

Clean Hard Bedrock

0.350

0.040

0.850

0.040

Bedrock outcrop

default program values used

0.480] 0.130 0.530] 0.170 - Concrete inverse calculation of paths - standard
0.470| 0.300 0.550| 0.230 |Weathered Rock deviations seemed to large
0.480] 0.000 0.530] 0.000 - Concrete inverse calculation of paths, roughness of 7.9
0.470| 0.000 0.550| 0.000 |Weathered Rock degrees for concrete, 9.3 for rock
0.850| 0.000 0.530| 0.000 [Concrete
inverse calculation of paths
1.000| 0.000 0.550| 0.000 |Weathered Rock

Estimation, block diameters 10 to 30 cm

0.530( 0.040 0.990| 0.040 |Bedrock
0.500| 0.060 0.700( 0.060 |Blockfield

Blockfield with bushes and small
0.500( 0.060 0.650( 0.060

trees
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0.500( 0.060 0.500( 0.060 |Blockfield with forest
0.300( 0.060 0.800| 0.060 ([Top-soil with vegetation
0.400( 0.040 0.900| 0.040 |Asphalt paving

0.350| 0.040 0.850| 0.040 |Gravel road

Sparsley forested slope is covered
by a veneer of very fine weathered o
0.500 0.800 . . Calculated from historic rockfall
talus derived from weak shistose

units underlying the limestone cap.

Limestone on bare uniform talus
0.500 0.800 slope formed of basalt fragments  [Calculated from historic rockfall

with a modal size of 5 cm.

rectangular bolder of
0.700 0.900 metamorphosed tuff on bare rock  |Calculated from historic rockfall

and a steep snow covered shelf.

(F#+ %R : Rocscience)




SV % SEL

w3 fdE kA (R A7)
; Value Value for | Value for ; - | ;
Reference for R, |R, R, Type of material on slope surface
0% 708-09 | solid rock
Piteau and 045 - 05-0.8 Detrital material mixed with large
Clayton 0.65 ~ 7% | rock boulders
(from  Pasquero 035 -|,, g5 |Compact detrital material mixed with
(1987)) 0.45 7 | small boulders
0.2-0.3 |0.2-0.4 | Grasscovered slopes
0.53 0.9 Clean hard bedrock
Hoek (1987) 0.40 0.90 Asphalt roadway
(based on Bedrock outcrops with hard surface,
. 0.35 0.85
unpublished large boulders
inforn_]ation from 0.32 0.82 Talus cover
DOT in USA) 0.32 0.80 Talus cover with vegetation
0.30 0.80 Soft soil, some vegetation
0.37 -10.87 - .
0.42 0.92 Hard surface paving
033  -1083 -1 gadrock or boulders with little soil or
. 0.37 0.87
Pfeiffer, TJ, -
vegetation
Bowen, T.D. 0.83 -
(1989) 0.3-0.33 0.87 Talus with little vegetation
0.3-0.33 | 0.8-0.83 | Talus with some vegetation
8%2 "1 0.8-0.83 | Soft soil slope with little vegetation
0.28 -10.78 - .
0.32 0.82 Vegetated soil slope
0.315 0.712 Limestone face
Roboth M.E 0.303 0.615 Partially vegetated limestone scree
V\/Oancz] am, 'H" 0.315 0.712 Uncovered limestone blast pile
Walton, G. (1995) 0.251 0.489 Vegetated covered limestone pile
0.276 0.835 Chalk face
0.271 0.596 Vegetated chalk scree
Dolomitic limestone boulders on
0.2 0.53 rocky surfaces and on talus desposits
Budetta, P., Santo, Y P
A. -
Remolded pyroclastic from the
0.1 0.2
terraces
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0 0.24 Impacts on detritus of the fans
' present at the foot of a rock cliff

Chau, K.T., | 0.393 Soil

Wong, R.H. C., | 0.453 Shotcrete

Lee, C.F. (1996) | 0.487 Rock slope

0.5 Bedrock

0.35 Bedrock covered by large blocks

Giani, G.P. (1992) 0.3 Debris formed by uniform distributed

elements

0.25 Soil covered by vegetation

0.37 -

0.42 Smooth hard surfaces and paving

0.33 -

0.37 Most bedrock and boulder fields

0.3-0.33 Talus and firm soil slopes

0.28-0.3 Soft soil slopes

. 0.87 - | Smooth hard surfaces such as
Pfeiffer, TJ.,
Higgens, iD. 0.92 pavement or smooth bedrock surfaces

0.83 - | Most bedrock surfaces and talus with
(1990) :
0.87 no vegetation

0.82 - | Most talus slopes with some low
0.85 vegetation

0.8-04g3 | Vegetated talus slopes and soil slopes

with spares vegetation
0.78 -

0.82 Brush covered soil slope

Sparsley forested slope is covered by
a veneer of very fine weathered talus
derived from weak shistose units
underlying the limestone cap.

0.5 0.8

Hungr, O. Evans, Limestone on bare uniform talus
S.G. (1988) 0.5 0.8 slope formed of basalt fragments
with a modal size of 5 cm.

Rectangular bolder of
0.7 0.9 metamorphosed tuff on bare rock and
a steep snow covered shelf.

(FR &R A3 H 0 H)
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