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(internal friction angle)ElfJF%iJgfé’rt [T TS > 20y FUKRE iy(basal
shear resistance)BﬁLEﬁ*@»@d%#@(maximum erosion depth) - “E;ﬁfg’ SRyl
gr,z,ﬂ R ORI, b B TR F~H M HE Uﬂf {FY 4 73 ST B
FRIE A FIzhL 50 « g2 R e [P 5 2 Pl - TR (equivalent
fluid) o 5 2R ;Wsﬁ]%i(qaﬂ 29) o I'J EEYCE A BRI Y B R (Hungr and
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McDougall, 2009) » PNIFSAPEEARI/ AL v e T FRAFT O g™l ol
BEAAPAEL ~ TG ~ PEEBHESR AV 2 Tt o i (Fo R B R A
"] DAN 3D 37 BB it (Hungr and McDougall, 2004) » #27'[FL% 1= He @y =
14~ ['|ee) @i = 40T BT e » AR = TR {29 At 5P 5 (I 30) -
'ffpﬁ‘%ﬁiﬁi’ﬁjﬁﬁ[p'ﬁ%ﬁ}i’?ﬁé{[(Hungr Geotechnical Research, 2008) - |![f#{fEAH
A SUE RSV LR A (|31) - i FEe ﬁ“ﬁjﬁiﬁfﬁi [y EH B (travel

distance) -

W&I-'Gnr Fly -'i!'.l;“" .-

—

PROFILE
__ Top Width
|_ (input) _4
f |
| - : I THyﬂ"rﬂuhc Depih
- R |
SECTION

[ 29 [AiF- DAN 3D I'J3% [l (equivalent fluid)fiumiEl )7 e e d 2 HizpY
PIHES + BT -
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Afternoon
N >~ +
~
"‘q.\ -
30 — ~
— ..ﬁ‘ Thumrleser Jﬂnass
(=]
[iH]
=3 = ‘+El' + Hope
I1]
o ~s
E 20 — >~ ~ = vﬂla llgrahg
4 .
Z ~. ety
== ~ -
10 — =
0 | T 1 III| IIIIIII| | IIIIIII|
1x10° 1x%10° 1%10° 1x10°

VOLUME (m?)
ﬁ%ﬂ' 31 ﬁlﬁ;;t (IR [FIE 5 AR o | [Ekﬁﬂfﬁfﬁ*% SUE R (R RLE S B,
R S rf’j E[l_ﬁj[ﬁ“iﬁ}?‘%Ew(Hungr Geotechnical Research, 2008) -
HEREAVE T (R qu_yggﬁﬁﬂpuftéﬁlﬂlﬁﬂﬁﬁ?“ ) “Jﬁﬁi{iﬁﬁﬂﬁgpl
pfﬁﬁkﬁé«,iﬁﬂ [R>S F Jygwf SRAVE = o — R FRE frictional 511
A e ER e = hﬂy;&&[\;(vp@l 32) ; fﬁl,%;?plffﬁlréf%iﬁi‘ﬁml'@(Hungr et al.,
2005) > Voellmy EJF‘:EHE}Z\*JAﬁHTUJF,%" ik ’é%wﬂﬁkjﬁj TR PR B
e L ]’F‘[ ST SERRROE U ﬁﬁ}?‘,&ﬁp |B{ - (McDougall and Hungr,
2004)

—— — - Frictional
————— Voellmy, 0.05, 400

= 1000

E " | —_—e—— Voellmy, 0.04, 200

= ‘800 oelimy

S 600

m

E 400

w200 -|

- 0 500 1000 1500 2000 2500
Distance (m)

ESD ——

E60 — 7~ T

za0 —/ SO~ T

E 20 ' \\. T~ \\\\

® o T

b 0 500 1000 1500 2000 2500
Distance (m)

QEM 32 ﬁ%ﬂ'ﬁ DAN 3D J‘Jﬁﬁ‘lj,’h’ﬁg(equivalent fluid) s 2B =8 o HE kg
J@[fﬂfjﬁ?j TGP o
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fiiﬁj?rﬁﬂ[ ) B SR T RS e RR S - FM] DrHungr P
S ] H AR DAN 3D E i [V R R BRI () o FIP e fTReTEs ) o
w5 LIDAR B/ 0R] (1 33) - (i3I s il 2 | PRI [ 20 98 & Sdt ju
T A 5 ﬂgﬂyggﬂ s AV > 4 AR AR 888,100 T Y AL iR
54 25,673,847 3 Ty TR b SR RS 1,888,575 1 St AL BT 5
26,212,821 = N(B S 0 2010) < [MERESETELS T 2000 L
(IRER » -2 ARASTRRE 3 PR e At = AR = BRI b~ TP Beege
PG 34) SRR S - A~ R Jﬁmhke* 'fHI R
FSRTEY PP p opr il b= DR RUP] o 0 ARV SR g & 3 R
it < U BT L AR S 6 Ifk?&;’&a‘ﬁlﬁ(wﬁ% fllvk**'ﬂ’?’?%ﬁ“ Fr>2009) -

PRI o B N B[ (S A o B R T O
HE TSR o P AR A 3 2 5 oF 5 BT IRl A fRE -l R B e
PR o BT fFEIFJ.',) o PR R el A DB TR (I R R
(IR B [y P PR ARy O (AR = U IR o BB Ju BRI PR B 0 T ) BT
[ipang P‘l’p[;ﬁ%fﬁ’ W 1 8/5 = 8/10 BRI AEFHEE] 2075 2f ~ Y
EIRURLES - 9 1.5 2ok /i o [ BRI kL 5 T ORISRk G
il thw@?%@, H 2 2009) 5 F9F o BIRVRE HIRE ~ Af< b $9RTD AR ey
PO SIRLRLE S e RO PR (5 SRS 2000) -
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33 FIRL B 5 i LIDAR B9 » 3 Bl 28 1 AT o
B2 SR AR (3 5 57 2010) -

BEEATE I ARIEN) = -
_ -
#
; 4 /
i F, -3

, N 'm_.'_.____.?__. E el

134 P BT Un s BRI ) W SBR[ » = B TR [
SRR 0 E ) Sl RS T AR R R B
() 1B AR | B8 <5 1 A RSN F0 £ 7 <SSR AT G ) <

30



A1 BV = Jo1 5B o Fiz@ 7800 ** N~ =5 1000
2N ISR A 40 22 R e i ERHEAT 90 N e NI PR g Y
Bl F'* o TR e AP OTE IR AR (R 35) o (BT A
742,100 ]‘EH 2 N AR BT IO T BN (2, 567]}“ AR
R o STHHEE T HIER P friction model % Voellmy model » ﬁE?J“ BRI 2 o F|H|
friction model UL ERAE U L[5 36 -

i1
=130
ekl

i

- 20
e H i
g~
n

qﬁﬁﬂ 35 #w ﬂ?f ]! IEIENgFIEa@FFF,'p uggﬁﬂgﬂ#‘ﬂl ﬁqusﬁﬂ » P 5I800 R R
741000 R AR ES90 T e

22 AP DAN 8D ) B PSR | T AT ] 8-

B~ ficst Friction model Voellmy model
"~ Unit Weight (kN/m"3) 20 20
Shear Strength (kPa) 0 0
Friction Angle (deg.) 15 2.86241

Friction Coefficient 0 0.05
Pore-pressure Coefficient 0 0
Viscosity (kPa.s) 0 0

Turbulence Coefficient (m/s”"2) 0 400
Power Law Exponent 0 0
Internal Friction Angle (deg.) 35 35
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(b)

(d)

(f)

(9) (h)

[j#1 36  F|[*'] DAN 3D [i¥ friction model - %iﬂ%@ﬁﬁgji@% TR R SRR
7 (C)~(FIHE TRk I BB T - () 4
(s (O)p! [ LTy o ST RS SLRIT IR < ()20 7 < (d)40 7
()60 *} 5 ()80 #} ; (g)100 #} ; (h)120 #} -
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FEAEEAR I o 77+ RIS RS 100 P |15 56 YR YFE*J?BT
(B [p] s~ B8P T PR S e D AR é@ﬁ' AT ERRLE | [P
[fl jﬂf[%%dﬁ LG 5 Itk s ERRY 2 B A - 352 ST
1{;@?5'% £ [HTI SEIEPE 1—1,&“ M o F ik friction model
Voellmy model 5 i ARG VA [ 37) » i 552RL 2 o) Ry i il 5
AP > (EURLIERK G 0 o8 IR 1 [R5 friction model PRl = 15 (1 80 ol
M5 Voellmy model prodersites FIf| & plv B T Rgap g o EPREIEL PR T W
FEFZRUZE G o

B oW B B & 68 8 8 3

[ 37 F{"| DAN 3D it friction model(H[fif) Voellmy model(™ ) » &3 £y
R T AT (S SR R R [ -
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DIUILERSTRL e AR 2 A DR i T (GRS R
N RIAT s PR U PR e (R R IV D R > S
IR S BRI R DR = R PO IR R S s AR TR
[—HH_#PF'JT%F[U[»[IEJ[EJE?:L TR SRR LI HRES Y BT - R
IO > P [FIE ETELS (U0 DAN 3D ~ FLO-2D)9 B iy |14
ATV (Bertolo and Bottino, 2008) » #<*'] DAN 3D fiv Voellmy model »
SPFC T RIORLRTE) DA o SRR 50 ) AR (E T
HIE= O8O SpESET T 1] 0 $25] FLO-2D ST 4 T gl A L5 et
LTSRS ﬁ"f‘iiﬁﬁqﬁf@ Ty 4 T R o 2 ST FLO-2D ff iyt Y

B BHRRSL . PRV ﬁ%%“ AV PRE I SB[ MR RSRES Y -

25 PEVESIHREIR S EEEpRT

g FITJIFW FL F J5RE 2 " = pi (sea-to-sky corridon)fupT[H ~ + E ik
} ﬁbﬁi ¥ [m j“’*“ R B {gj_‘ F Harvey Creek = Alberta Creek [I¥

H TR

VIR R B [T SRR 00 PRSI BT R R
% FUBEE(Horseshoe Bay) + {U=wts(Whistler)= 1 ff rFi(Pemberton) » = 5354 110
SR 38) - j BRSO T A TR T PR R [l SR
Zuyff(Howe Sound)EW]F'l“i&(ijfd)i*'j% [T JUETRAE 2000 2 SO E
P SR R R (B R B 1 1958 2 ERRIEL ) e -
S U ST 1 5152 BT A T
1o PG ¥ [EEF R i 6 3000 78 > R SRR S0BIBY o i

F/F’UEH gy 4 T R PV 7 #r(Blais-Stevens and Hungr, 2007) -

FUE 150 5 Ffte » BT ) IR0 0 2 Sl P9 * e
[ opres s = BT =y ~ B 24T 600 * )0 18% 5 fih (F B ik i |1 [ 3=-f1v



LgrﬂﬁlS% o plﬁhﬁ‘izﬁggﬁ [SBER ~ ERAPE o TpASynEE FSUE Rt
P"I#JDﬁ*‘\r‘W‘jbﬁl i F”#U[LE*‘W llr,ﬁiﬂif I - ﬁ"é' i
gﬁg‘%’i@if,_ rt‘,;FEITN TRV 154 |5F¢ 3 & papl IEIEanF(BIms -Stevens and
Hungr, 2007) + VA BiSpLER % || MRG0T < T BIH ~ IEMTEY 1
1~ & T AR ( 38) 5 T tlii” LEIFYF‘E*J e FIRLEHEENG ~ A
= 2SN Jﬁjifﬁifgj o 7+ 1964 F 7 Brunswick Point Wﬁ(ﬁ%ﬁl 38) » [l obT 2 EE
FRES I 7% 0] TP | FEE TR S bl > bR
(REAS TR A FJ;]E[ RIEE NN E’[ﬁj’;ﬁ[ Fii 3] {1 (translational
rockslide) : 7+ 2008 ?”FE[[H JFFF'IM TNF RS- T E'[ﬁj’;ﬁ[%‘iﬁ"@ﬁ ’ I'F‘LE*/;%/‘E%
LapjflrE(E 39) - BEIR05T i ‘L’ifﬂ“‘%&lﬁ’w m{ﬁﬁwﬂlg’ [ Elf);i%' ;
IE'?]LE?JFEIFEYF]’E*JEJIJI JEEL 5 -

i 38 fﬁ mmzrrzﬁ'“%ﬁ%‘ ﬁ%ﬁ‘ﬁv’ﬁfﬁm 55 ) A '75”ﬂ ﬁ%‘"rlﬁ%ﬂ"
ﬁ +ﬁ%ﬁ[ |°I7FE1§=~§CT[E¥')
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ROCKEFALL TN TH fBAPT COERINTA
BRITIZH COLURIELS, JULY 3003

/39 {1 #i it ¥ Brunswick Point {37 - Tagx, {?V"g:g SRIEAITRI % 2 T
BRI - [ 1 2008 E’?[?ﬁiﬁﬁﬁ%ﬂ}d CFr TS 1964
??,EI*J)FEE%[}J . qgﬁw ~ 12008 @?lﬁagfﬁhﬁ—?w . ﬁ?ﬂ“ : 2008 ﬁpﬁ;[ ﬂﬂiﬂﬁcé {?l
FRFI e CBC SRRl 381 Pr o 1) HRH 310 s
(http://daveslandslideblog.blogspot.com/2008/08/follow-up-to-sea-to-sky-
highway.html) -
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http://daveslandslideblog.blogspot.com/2008/08/follow-up-to-sea-to-sky

B 40 B I s F&F%fF
1152 f1 e

PR T\FF[ 73 Pl F¥E =gl - Harvey Creek & Alberta Creek fiv+ ¢ ,j,ajF’*,
I AH(Ip 38) - Harvey Creek flv& <253 700 221 » = =59 5.25 LT
SEVRIF AT 1646 Ny o fff-" ik(the summit of Lions) o = JfEN] > = 55/
}Ik{*‘j%@ﬂkﬂﬁ Adag o B RS 13-14 o F/iﬂiﬁ"& 1969 ~ 1972 ~ 1973 » 1981 =
PagE g TR o 0T 1981 = A 4 T gaEh o T A T F W R IFL
Ry 30 Rg TR R ﬁﬁ%&?ﬁj o EIIE%TF #i32ifayE(BC Ministry of Transportation)#
1085 & T SR HIE — A THPRIYD - GERHHENE 6.8 Py NG 3 [
41) » rﬂ%[:‘%?ﬁdﬁiﬁ@(splllway) s e [F[ljija, Lf—ﬁj}iEfF(Couture and
VanDine, 2004) -

Alberta Creek .- {55 FIJ & I A [ Jiﬁiﬁ & MY 120
SRR BFS2.6 VB PSS 16-24 o 7 1982 F K 1983 F I F 4 T A
Tk o B0 1983 & puct T ARBTG5 1 [ AR R o piET T A T
T PP R RIS S R DAY R S A R (B
R R » SUREIET A P B TSR R (R 4
42) -

37



% 3 Harvey Creek B?FE%%%Z%F‘,%@%@

Events 1969 (debris flood?, flood?), 1972, 1973, 1981 (floods)

Future debris flow probability | Moderately high

Element at risk Multiple residences, subdivision roads, highway and
railway

Drainage area 7 km®

Creek length 5.25 km

Design debris flow 62.500 m

Design debris discharge

500 m/sec

200-year flood

107 m'/sec

Debris control measure

Debris basin, barrier and downstream channelization
completed in 1985

Design storage volume 77.500 m°

Spillway design capacity 1000 m’/sec

Structural impact 2 m diameter boulder traveling at Tm/sec

Volume of fill 68.000 m’

Volume of concrete 1.850 m’

Reinforcing steel 215,000 kg

Cost $4.4 million (1985)

Owner BC Ministry of Transportation

Designers Thurber Engineering Limited and Ker Priestman &

Associates

qﬁﬁﬂ 41 Harvey Creek Flfii#i’l}iﬁiﬁ VIR qEﬁl} el qEW;T 4T 1995 & (Couture
and VanDine, 2004) - W@J—Bqﬁqﬁﬁiﬂﬁ? 2010 = 11 k] 2 |1 o
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# 4 Alberta Creek W HIRHH 55T %

Events 1982, 1983 (debris flows)

Future debris flow probability High

Element at risk Multiple residences, subdivision roads, highway
and railway

Drainage area 1.2 km’

Creek length 2.6 km

Design debris flow 15,500 m°

Design debris discharge 350 m'/sec

200-year flood 22.7 m’fsec

Debris control measure Flume with sea basin storage completed in 1988

Length of flume 800 m

Volume of excavation 42,000 m’ (land); 33.000 m’ (marine)

Volume of fibre reinforced concrete | 3.500 m’

lining

Area of pre-cast channel walls 1.100 m’

Cost $8.6 million (1988)

Owner BC Ministry of Transportation

Designers Thurber Engineering Limited and Ker Priestman &
Associates

Aj ' - .

ﬁ%ﬂ 42 Alberta Creek ff=i}! » ﬁ%ﬂ} ks ﬁ%ﬂ}* 47 1995 & (Couture and VanDine,
2004) > ﬁ%ﬂlf[fwﬁ%ﬁﬂ}%# 2010 F 11 EJ 2 I -
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il’FJ’E? N g»t“ﬁﬁaﬁ ﬁj <O 5 Ty E qu (Engineering services,
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Lach > qﬂj b SEL R S P T e U b B S PR S o [ B BHFH
JE o *f\_' j'szfﬁﬁiEl" 7%

SRR R O] {5 kLA £ T 1999 # 19 Whitemud [T ([ 43) -
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IR 25]}“ = % 2 F(SoeMoe et al., 2009) - %Eﬁ* BIFT 40 2N~ =
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Pl FEER SR A o R SR SO [P R B fl -
R IO BLRLE % 1901 £ (1 Grierson Hill 1 [HH e 35 mi] HH“s RLAES - ng
TR PR A 500 TR KA 200 2 N[ 44) 0 = RIS b T
IR BARE ~ ORI (I EON IR R Rl e e
VEARRL > PIER P pRL D e MR e R R e RS e
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S (Y RS I Ey s e PR > = 1915 & Mt HESEE 2.5 2
R PRSI R TE S BVRR B D E] 9000 S
FIEvR PEfse P [ [EHEJWW [ kLSRR S T o [y
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---=3—-- Subsurface drainage T Landslide escarpment

Cracks caused by subsidence in mine

1900

Mine workings
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Elevation {m)

Aiver

]
g

0 50 100
i

O T LY N S V| R
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Glacial Lake
“ Edmonton sediments Empress Formation

. Bedrock,
Glacial till Horseshoe Canyon Fm.

[fi 44 ZF[ 500 Grierson Hill 11541 l?:[[ficﬁl(_l—[ﬁl)73’/%’,[JI?'[[}%ﬁl(ﬁh [#")(Edmonton
Geological Society, 1993) -
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CGS Luncheon Notice

The Kingston Chapter
of the
Canadian Geotechnical Society
invites you to a luncheon on:

Thursday 21 October 2010, 12:00 PM
at the
Kingston Brewing Company (Brew Pub)
where
Dr. Sarah Springman of ETH Zurich will be presenting:

The Rudlingen Landslide Experiment

Luncheon pricing will be:
$20 for CGS or PEO members  $10 for student members
$25 for non-members $15 for student non-members
Lunch is included in this price!
Please RSVP Melissa Chappel at chappel@ce.queensu.ca by October 19.

The CGS Kingston Section is sponsored by:
-~

The

@ iglgigeering ) v» M?LROZ

Centre
CRUICKSHANK

Environmental Scientists & Engineers




Presentation Summary
The Rudlingen landslide experiment

A large scale field experiment was conducted on a steep 38° forested slope with preliminary field
monitoring of sensors installed at depths from 15 to 150 cm, including tensiometers, TDRs,
piezometers, rain gauges, pressure cells, acoustic sensors and deformation probes, prior to
triggering a landslide by means of artificial rainfall. The project was designed to enhance the
understanding of triggering processes and Iinitiation mechanisms by replicating the effects of a
heavy rainfall event in May 2002, in which 100 mm rain fell in 40 minutes, causing 42 surficial
landslides. Geotechnical, and hydrological characterisation was carried out on the overlying
colluvial silty sand, with bedrock at depths between 0.5 m and 5 m. Percolation of groundwater
into the underlying bedrock was observed from test pits. Remote sensing of displacements was
also carried out continually during the field experiments, through a photogrammetric monitoring
system. It was deduced that the slope would fail during an extreme rainfall experiment that would
lead to saturation of the soil overlying the bedrock. The failure mechanism was more or less as
predicted, with vegetation reinforcement playing a role. Triggering occurred earlier than expected
in March 2009, incorporating about 150 m® of debris, which was safely retained in a protection net
at the base of the slope.

Presenter Biography

Sarah Marcella Springman has been Full Professor of Geotechnical Engineering at the Institute for
Geotechnical Engineering at the ETH Zurich since January 1997. She is engaged in the modelling
and solving of geotechnical problems.

Prof. Springman was born in 1956 and studied soil mechanics at Cambridge University (1975-
1978). Subsequently, she transferred to industry and worked as an engineer on several
geotechnical projects in England, Fiji, and Australia. While completing her Master's and Ph.D.
degrees at Cambridge, she also pursued an athletic career and won numerous national and
international triathlon competitions.

The emphasis of Prof. Springman’s research is on geotechnical modelling of soil structure
interaction problems. These include design and construction of abutments, pile foundations,
reinforced soil and oil drilling structures. She combines physical modelling in a geotechnical
centrifuge with numerical modelling so that the data may be used to develop, calibrate or validate
new design methods. ETH now possess a 2.2 m drum geotechnical centrifuge which will permit
tests to be carried out on a range of geotechnical problems. These will be investigated at small
scale but at the correct "field" stress levels, with associated savings in time and money.
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Riidlingen (SH) - Landslide triggering by artificial rainfall

4

Instrumented slope in Ridlingen, SH.

Field site

The experimental slope is 7.5 m wide by 35 m long,
located in the Swiss lowlands on an east facing slope
over-looking the river Rhine, at an altitude of ~ 350
masl. Originally there were forestry covertures of
circa 80%, heights of 5-20 m. Shrubs up to 1-5 m high
and a free herb layer covered ~ 50% of the surface
(Schwarz & Rickli, 2008). The average gradient was
determined to be from 38° to 43° with a slightly
concave surface (Springman et al. 2009). The
underlying rock consists mainly of Molasse. Alternate
layers of were deposited in the foreland basin of the
Alps under the Tethys Sea (Seawater Molasse) and
land (Freshwater Molasse). Several augured samples,
as well as an outcrop of the bedrock about 20 m
above the selected field, revealed horizontal layering
of fine grained sand- and marlstone at the test site
(Tacher & Locher, 2008). The sandstone was later
proven to be highly permeable and fissured
(Bronniman et al. 2010). Grain-size distributions were
determined and the soil was classified as medium-low
plasticity silty sand (Springman et al. 2009).

Site instrumentation

Measurements of soil suction, groundwater level, soil
volumetric water content, rain intensity and soil
temperature were taken and combined with
geophysical monitoring using Electrical Resistance
Tomography (REF), investigations into subsurface
flow by means of tracer experiments. Deformations
were monitored during the experiment, both on the
surface via photogrammetrical methods and within
the soil mass, using a flexible probe equipped with
strain gauges at different points and two axis
inclinometers on the top (Askarinejad 2009) and
acoustic sensors (Michlmayr et al. 2008). Instruments
were installed mainly in three clusters at depths of

c)

d)

15, 30, 60, 90, 120, and 150 cm below the ground
surface over the slope (Askarinejad et al. 2010)
including jet-fill tensiometers, TDRs, Decagon TDRs,
piezometers, soil temperature sensors, deformation
probes, earth pressure cells, acoustic sensors and rain
gauges.

Location of instrumentation clusters (Cl. 1 - 3), the
sprinklers and the photogrammetry cameras.

Experiments

A sprinkling experiment was carried out in autumn
2008 to investigate the hydrological and mechanical
response of the slope, followed by a second one to
trigger a landslide in spring 2009.

Data availability

All measured data concerning soil suction, water
level, soil volumetric water content, rain intensity,
and soil temperature are available on the TRAMM ftp
for members.

Contact

Amin Askarinejad, Institute for Geotechnical
Engineering (IGT), ETH Ziirich
amin.askarinejad@igt.baug.ethz.ch
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