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Normalization of displacement rate for roughly
predicting the time to failure in rock slope

Noriaki Sugawara

Abstract

It has been intensively requested in field observation that a time to failure in slope is conveniently predicted
in a variety of failure mode and scale of rock slope. In such observation, the most popular measured value is a
displacement of slope, and tilting angle and settlement are next one. In estimating time to failure from various
kinds of measurement data of the same slope, it is quite effective to understand internal relationship between
such a different kinds of data.

The Saito’s method called roughly estimation procedure is based on the secondary creep strain rate which is
defined as dividing displacement rate by 10m in length. However a displacement rate is commonly admitted to
have scale effect of a given slope. Accordingly, the Saito’s roughly estimation procedure should have some
limitations to apply in term of scale of siope.

Collecting many records of slope measurement data including various slope with widely different scale and
different failure mode, a normalization of displacement rate by scale of effect is examined. Consequently, it is
found that the displacement rate normalized by cubic roots of volume of slope is suitable to obtain good
estimation on time to failure in slope because log-log relationship between the normalized displacement rate and
the time to failure is closely linear with 1 order of magnitude.

And also, the secondary creep strain rate proposed by Saito, the normalized displacement rate and the tilting
rate of slope, against each of time to failure were plotted in the same log-log graph, in order to compare with
each other. In this figure, the band plotted by the secondary creep strain rate-time to failure is found to be
intermediate between the plot of the normalized displacement rate and the tilting rate, and also overlapped. This
figure shows a clear understanding on sense of each rate.
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Fig.l1 Relationship between creep-rupture life and
secondary creep strain rate ( Saito, 1992)

oYU —THIERE ()

1R | ek | 3k
sU—7 PU=F N 5U=T pe
BE ERE ik X
—RECEn 1 SHERS U~
HB
HE

I TLL
e : WO BE
T

1 — L :ﬁ x KRR (HHE)

G

[o5 e={—

BOR (1) te

BM—2 27— 7iifeE—iEREs V) - 7RRO0THOERE

Fig.2 Diagrammatic representation of creep, and

definition of strain in unconfined compression
test

10
o MERORY LIEHT

— =% | o

[ ] Bt (=
v/ s % =

See- FRYE

M—3 MEicES 2600910 Gk RR, 1966)
Fig.3 Stress distribution along slope
(Saito and Uezawa 1966)

S CHRE & B sFE L, REPREIL e T,
FEDO L ARV IES, THICIEMIGI8RES 5
Tl b, K- 3 DIETInfmeERNICR S &, BF
REZDWH T RS E TS0 2 MO EIR
HBEOHEFAMORINHEY T 2HEO T, —2iF
Fl-RY, MEMREZT 2B, ENEBDO Y —



FHID R 2 S T4 5 72 o0 OB BIEE O IERL

TEREBRITE WD TH B,

%72, FEOHEHHICB VTR, BAOERRIIC
BOTHELOBRAAIISATER L MEtoy 4 v —
DEREICHT 2EHE, £/HRETIEVEIDOSEERD
T, M—1 0ZRHABROKE LKL TRIE—FHLTL
L EEEPD TV S,

fiEat A RV 22 RlE O 0§ s OFTE I

.4l 1

E = Tz (2)
ZCT, 1 v4AoES (mm), 4t : £EEERE (min),

4l . At RN OBEHRE (mm)
TRENSGD, REZTIRVBREISATAELTE
D, £&LTHIFTNY TBOBEEE AR - TWAE T &
e AN

e & [F CWFSEE (BB BN SERD icfe g8 L 7o/ME i
FE (1975) ohT, [0 HEE Z MR ORE R ¥
YETHRUTEET 20 MENH 5, LrL, TOH
OB R BRENTEICR S I0mTIThR TV 3
Do, £H VW) ANV TORBRKEZEZDZRETHAH ]
LTV B,

1 EE (1990) & [ oREEEIOmICd 2 IR
BILIE 0D, BEOEFL SRERIICZNIEEFIER
BOWEETH B, LIch-T, H2k7 ) — 7EEONK—
1 OHEEEERE FRRERE LTV A E3VWE, EHE
W BHREEAEERI0m TH L 2 ERTEE MO TTH
TEHERBRNBHETHEESEZ LMD LTV 3,
FACHEH SN Z M0 2 v RiIIEE 10m~30m
DBRCERAE NS, ZOESZEBROBFAREICL L
T, 747 —DEIDEEERBLTT A ¥ —DREIH
T HHER MR OB SELETE A CAENTBES T
Hbo £ LT, MFFEFTcEAIL BHREEZI0mTE DK
LTCOTHETED, £2id, RELLHETORST
HOBELTOFALLTHS,

2.2 HEAESOKLTEE S RERR

RImAEIEIEHIC L O RET 2HETH 5, A
OEFEHIOH T, BEHORIIC X - T, KEBF LD
bIL T ORENEL TREN SIS RS 5, 45 ) 7D
St Barbara$illiic B Wik, RIEFWHOEHEXED
FHAA R & - TR L 7248, ZHESKEL A -k
DI, MOHESFEPERIRES B el &h b, —
BoMERM MR L T TREZET 2 Hik42#IR L
foo ZITRONFE O TAERERIIN—4 1
RTEBOTH B,

Esu, et al (1984) ixC OHERE FE2EICRD K S I
OFAEELERL T, HEBRRIOTFICELTTWV S,
EWILTEEs, WERHEOZs 2 H LThiE, =0
FEOUVFTHBEEI €,

. ds
&= Hoa ®

3
Time (months)
6 12 18 24 30 36 42 48
0 L
40
SURFACE SETTLEMENTS (s) %
801 %
§
i
¢
i
N i
(cm) 120 :
®
@
i
K
140 H
< 1980 —j+- 1981 |+ 1982 -+ 1983} -
p :X
1
- o
1z 2 8 & 2
5 2 g o i
240 : t t -t
0 6 12 18 24 30 36 42 48
X—4 St Barbara SxliEmAE O MELE (Esu,
et al, 1984)
Fig.4 Settlement record in top of mining slope
of St. Barbara ( BEsu, et al 1984)
1072
\\ o EHOF—5
(Tavenas and Leroueil, 1981)
» AN
107 \
N \ | s.Barbarasiope
\
wil X i - R (1961)
= ® \/
£ 4
£ N
> 5 AN
2107 |-
. N\
by
z
107 |-
107 -
AN
AN
10°® L >
10 10° 10° 10% 10° 108 10

REE TR INAERM tr (min)

H—5 LTFEEED» SRDIOTHBE LHEE IR h
B (BEsu, et al 1984)
Fig.5 Relationship between strain rate based on

settlement records and time to failure (Esu,
et al 1984)

2TT, ds BRI E U TE (em)

H #HEoEs (em)

At ER MR (nin)
COEIRLTERLALOTAEEEZR—1 2R L o8
B e DIROKIC#EA LT, BEELETRIL 7o, B
WCHAEE U B s U IS 7S 5 212 T, HREEE T s R
1o & RBEMr O O3 A HE 2K — 1 O « Bk



IS BATER No.21 2001

DRI 7 oy b LIHERENK—5 Th -7, Esu, et al
(1984) WRWTFRISHFK/ EHEL TV B,

Z DSt Barbara $LILIOESIE, REAREHOLTED
FHAESR & RHARRBERZ O TR > & Z2RL, %
DEARFHORS TR TERELE 5 &85 flEmo~Tk
BHRICHE LSRR SRV EEHI TV,

2.3 HREOMEREERE & RERL

222 CEE, 2000) 3+o~—rHAMRER, ALDR
HOFEER, BAFEmOMT <D, FHEIEEhceE S &
HOERZERLE, B4 OERAEEORIZRERLED,
TRl A EE & TR SR DR F 0B A R —
6ic7ay b L, TNLORAEZREL TV,

6-t, = 0.02 ~ 0.3 ’ @

ICT EEAEEE (rad/d)

t, DB TIBE N (D)

A & Clo iR & 7o B & (R A R O BRI KNS,
14— - OIRTRGRMNT SN 5,

1, TITEALUERAOBA T radianTH D,
FlilD & & 22 THl - 7 BKOTO BN Th 5, Rl
HOE=%5Y v 7O WHAOEIE I/
SV, AEANS VA, —iiC

6 =~ tanf ~ sinf )

LTS B T LiPEk B,
7o, HRAEOZEIE, Rrdtl ANV T AL

FIFICE O > Tk, Gould, et al (1971) Tk hid,
Im 10m 1 1d Im 1y 10y 100y
g; (A% - kM, 1936) |
& CA
P “0‘ i
(rad/d) . &‘ ‘40\
1072 \}\\%\O \ -
I~ (%Q,E% 1985)\ -
1074 \%\ E
(B D'elia, 1988)
] ‘\ . T
10781 \-« \
(Barton etal 2000) ..... ,\‘\ 5\5 XN?\
1074 I 1:)’2 I 1(1)0 I 102 ! 1'04 I 1:)6
RHEE TORMERE t (d)
M—6 HEoEHEHE BT cRBEINZBEROBEB
(&R, 2000)
Fig.6 Relationship between tilting rate of surface

and time to failure in slope

A8 =AB1+ A6

(a) EFI

R oo T RUmo
AR

(b) =P8

X—7 flERESoERE#E v
Fig.7 Conceptual model on tilting movement of
slope surface

FAMOT A (r) LEHOT A (g,) LR —BIZRD
KO BBERLED B,

. 1+ 402
7= cosgz{e + [ -, ] 1

_ [%N 1711“}‘1 ...... )

T,
¢ MO PITREEREA
dv . E AW OFHREERE

M- 1iRd Lo, REOREFIRNEL 4 -5~
DIBDIES>ENH 2 E2EETLIE, TAKMOTS
=T HOTE LR > CHEHAMNC ATV TH 5
Do

L LSS, TSN 2ERAZLE 40 (radian)
i, B—TIRT &5 KBHIMERDO T N IAE S
&3 BMEEREST, Zh &Y A AR R B
WEE - 12ENETHZ LEESNE, $bL, il
AZEAALRR (BETHoMESE ] T8l - BHROMH
O BREBEEFEO>EEBELINETH B,
EVHBAINE, MEERERDV T AR EENEELILE
—DF 4 A Yarviboliinz, FoZ{LEITES
ALY HOTHWNS WVEERTEHARHZEEZ LN
%

[

3. HERATFRADLODEELBEREDRE
3.1 BEEREIREITEINICAHOBR

WA DER D &, BIHEHBEAIR & hi- R o BEhE
B (v) ST IS N T (1) OBR A B
w7a oy b L, M—8itimli, ZOROEHD M
FEMOMZ &z oFEIE (V: Biind) %, L
BOREVWSDOD S/NSVIEE B S TIEE L, &%
R2EBmitET A Vajont 25 5 BLU S D KEB
TOEVHEBETBIC DLW TOBEEE &l cEsh
B¥E e v b L,

M—8 LSRRI ERBRDEBD ThH 5,



ki o A A I 5 B 7 3 OB ENBEE O IE KL 5

BEHE LB TIERS NS 0BERIRZLZ D vt = 05 ~ 100 )
ST B L C SRR AW 45° O AT & F o AR I '
FELITE 2, ICT, ENENDOHAIE v : (em/d), ¢, ¢ (D
O BEHE (v LT cBsnB (1) O ZDEHIT, 3A—F—DRTELES2VTY
BEfR I %,
1000
F O\ @
[ R
1® Vajont (V=2 X 10E8)
100 |- 2© Rauhihi (V > 10E6)
- 3@ Abhots - ford (V > 10E6)
s i 46 Luscar (V> 10E6)
x 5 ® 5@ &gl (v=10E5)
Eol
o 6@ LR (V=6X10E4)
g 10 < 7@ CD926 (V =10E4)
ﬁ - =) N O 8® #)% (V=3X10E3)
B - 9 O Fx JdDacin®ihEHE(V = 1.4 X 10E3)
- ® 100 Hrensko (V = 10E3)
1k PN ne XRiE~y 7YY (V=8X10E0)
- ® 120 XKRiBELy 7Y (V=5X10E0)
0.1 ol e ddeb sl cdededced iR e
0.001 0.01 0.1 1 10 100

BEHEEE v (cm/d)

K—8 migais & ORI O&E 5> HEOBEEE (v) LFBE TicRs B ¢

Fig.8 Displacement rate and time to failure, including a variety of failure mode and scale of slope

1000

L i

4:\0 %, o B
% 1® Vajont (V=2 X 10E8)

100 O 2© Rauhihi (V > 10E6)
3D Abhots - ford (V > 10E6)
(e} 4@ Luscar (V> 10E6)
3 ® 5@ &Rl (V=10E5)
6@ LR (V=6X10E4)
7@ CD926 (V=10E4)
) 8® 1% (V=3X10E3)

® 9 0 FxdDacingihipE(V = 1.4X10E3)
100 Hrensko (V = 10E3)
1 " N W e KBy 7YY (V=8X10E0)
- 120 KB Ly SU 2 (V=5X10E0)

T

1

BIEETORK tr (d)

Bkt

. v - tr=K(V)%
01 1 b1t 1)) 1 Lol L 11ll L ISR Il Lol L L)L 1 o)LL) V’:gijjﬁﬁ(m/d)

10 10° 107 10° 107 107 tr: REAH (D
V: HBIEER ()

ESEULB]EE vy [=v/ (V)]

K—9 BiETETERLLABEEE (vy) SHEET TcBINER ()
Fig.9 Normalized displacement rate by cubic root of failure volume, (vy), and time
to failure in slope, (¢,



6 ISP BAER  No.21 2001

@ (D XOGADBREBIIKE, FELEO/NSLED
BFENEL, FEIROREVEERESVERIND
5, LrL, 10°mPl LofiEt-BTRZOERD
Wy

® X— 8 H LM DNo10 Hrensko OZEHy 34 4 #y 1z B
W CICBINBEIVNE 1313 EBEIEED
INE T2 208 %,

(&%) Kostak (1993) & M#F/NEE O 4~ 0 13 BRI 7S
MEE RS FICERBRICHEL TROEL R b 5, LBE
LTW3,

K—8moEAAT L, T cRENAKEERE
HOBEEE» SEERD B LIRS BIE LMD
BIEEEREBLEINER S, /23, RERELE
LT ROGORKMEREL BFhEE SR nT &
ERLTV 3,

3.2 BEZEEDIERLEHIRERLOFAN

Kostak (1993) 3#Ha O A TEEE (& 7 O & © Tk
s has s, BROBENNSFNEZENLZT
B IC E B RRHEE /NS W EBRRTWV B,

COEIREEESZ LT, K— 8 OBEHE %5
BARD 1/3FTEB I Ltk > TESMLL, TOFH#H
{EBEEE (vy) EHEE TIcEsn2B K (1) %
Zay b UTR—9 /R L 72,

chkb, vy~ ¢, OBRIE 6) R&FBEI

vy-t, =0.001~0.01, CE¥L 70.003) )

TTT, vy ERMEBERERE (= v/(V)YY)
v o BEEE (m/d)
Vo pELE (o)
te2 L, VZICDBARV=10&B<,
t, BT TOERSNhARK (d)
kST, BEMEAFELIERD 1/3EBTER LT
i, HEE CRBSNLEROBIRIEK—9 KRt &
ST, BVIROERBEZRSEON S, $bL, K—8
TR3IA -5 —DIETH 708, M—9TlklA—5—
wE &% 5,

K— 1R cERHESREORS a v bo—vahi
RETOD7 ) — 7HEE L HERSR OBKR T S, 14—
SOIEEE - 12BRE 5 2 2 BANE, BAMEO
BRI SM WE, QB FIEEARE, RHEERED 25T
FiERE ORI BEEE A ERILT 3 2 ik > T
BRIC1A— S DIRORICEEE B ERBOTERT
X2 EThHB, T1bH, Kostak (1993) DIEE L &
51T, FIAOETEE JHM I TERAB>EE 2 2
NET, TORBIEHT I2REOERED 1/3 FicFRE
WBRT s LEEZ SN B,

4. FERZFACBEKRTIOTHEE BEHNAERE,
$ L VIERLEENEE DX LLE

E2R2 ) —TOTHEE (&), ERAEE (§)
BLUOERMABHEE (vw) TWZThWOREE TRE
SN (8,) O AITS 2vic, KBEOE
MAEE—ITT B LERH 5,

e BIRD 7 ) — 709 23EE O LIBEHRA 0
BRI OBEAMA I min TRESNTWE, Ihi dicds
LT, FR3fEoME s Es cicis ik oRs
BEE—ORI7e v b LT —-10I2/R 9,

O SHSIT &R

B2 Y — 7RO OB RIRK O I ER Y
WHIL->TEY, 350HERMSHOBRNS S &%
ZAoNb,

i, & 2REOFHERLZE U SHBE LSS, 3
SO O = ég = vy DIRETS B,

ETIKEBEVEDENEEZLZE, 3OOHERFELF 4 £
YVavERoTWAEDL, UTFHERDBIGEONE
DEVERMENTVEEEZBZRETH B,

Lip LS5, 3o0@EOhTHIcEVWES S LT
NIFERAEE TH 5, flEmoEpAaRERtEBEt
otk R 7 e v 7 ONHEE MBS NI EE %
RLTVBEELZONG, Bk -TR, K—11ITR
FTEOE, INFTHEOBBRE & bIHIEEML T
Wi B TERAEORD L EMER VKT 055 b,
I RAIIEEO IR D Wi e BB E RS b D

A A
® 1asiBEE : 6 - r=0.02~03

@ #E - LROB2 RO Y—TR (1)

N © ERLBBEE : vy - tr=0.001 ~0.01

10?

10~

o BRI OR A M

—~
~

107

10-2 1 ] ] '
1078 1074 1073 1072 107! 1

EREBEBEE (vy). OFHEE (), BEHHEE () :(/d)

M—-10 Bz BRSBTS 3 vy, éBLV00D
Mg

Fig.10 Comparisons of normalized displacement rate
with creep rate and tilting rate against time
to failure of slope



AHID R 2 2 IS TR 9 5 7o od O B D IEHL 7

400 /

300 ’J

200 )

[

100

o+

-100

81 82 83 84 85 8 87 88 83 90 91 92 93 94 95 96 97
B (BEE 5
(a)

K—11 a)iiRmiEREt o EHEREIEFI(Barton, 2000), Bk, bFENINT o v 7 OEFEBOHFR

Fig.11 a)Long-term observation record of tiltmeter (Barton, 2000) and b)an interpretation on local movement

of block within slope

LIRS 2, COLH FFRBEBH IR —11TRT LS
IR O ERIZEB) RS ESEB S ET » THEAA
DR &5 &SN 5, ,

NEE e EIRO 2 ) — 7O BERER, DEORES %10
mEEHTWS (EREiciE, 10~30m) T &Eho, ke
F10mic @S 4&Ecy L CGHATARNEEZLNET
»H 5,

bL, FRDIEEMBEEEOEZELLMNELVETN
&, A e LROKNEEERIOm (F71310~30m) @
33, 4bHH1000nd (F7213, ~H930000n) o fHEE
TEIHYT AMEHEOBEACEES TR TH S &
WA B, LbLEHAS, dL, BELETL000,000n D
NEDEE, 3FTROAORIZI0E(LL, SR04
KROBEZTTHY, 14 —45—0fERHOELE 5
Tz b Z &Licis b,

6. ¥

FMEIDE=4% Y v BV THEOHAID VW ED—D
&, ZoRmINELET 200, LEVOLTH 5,
ZOHICE, BETHET 2 ENEETHD, FiEs
BV EFTNIELH SR & &M CRHfEEsE T 5,

A3, BIETFHEE oM EAHEL T, BEHHEED
RO LB L, A CTEBVEERE & oMxilt
AT -7

AXTEIERIROEBDTH 5,

O HEoBEHEEREOTENRICEESNTED,
MENER X 0 SR TR 2 548, FRBEL
B0 1/3 T THEEE LR L TIER S EhEE |
Wk - TFMET 2 2 EEE LW,

@ 7, HEEe FHROFE LR ) - 70T AEERE
—EOHERIINTE D EEZ L TOTFHEERL TW
B, FEEITE, EFEI~3mOEXTHOELLT
OFBERDTVWE, Lich-> T HILOIESEAIEL
i 11131000 nd ~30000 o D FEERIIE % F§ - 72 i i e
bEMNCHEHSNE EEZL N5,

@ PiHiFcoRSnIRKEEBESE T, AMEMAR
B, BEEE- EFHD 7 ) —70¢AH3E, C.EHIL
BEEE 2T nIE, BEISEEER 2 0FEETEH D
B ANROEVES AT T, SEHELICEED
BEARKDTVWBEEEZ XS,

6. HLHE

BREE B AREA2E =4 v /T 288, TOGKRE
&, FTERERERN, flHEORERRE, erThy, *
NICHEET 2EHAIE &R ET2RE ORI L - TH
BieTh s, R—0ETH D5 5EFEOH R
ALTEETAIEEELONE, COLIBES, FH
BEOREZR > CERE £/« SHEL25Ed 5
EDBETHD, K—9 3% 0ESIENSIEEICK 3
TH55,



8 JIEAHMEEHFESR No.21 2001

g2 & X ®

1) /MERHBA975) - TRIAEE | TETHERES9,
ppb0~53.

2) Kostak B. (1993) : Remarks to prediction and
monitoring, Procs of the seventh Int. Conf. and
Field Workshop on Landslides in Czech and
Slovak Republics pp155~168.

3) Rizzo, V. (1990) : Pre-rupture deformations and
landslide surveillance, Procs of 5 th Int. Symp.
on Landslides Vol.3, ppl459~1461.

4) BIFEFCIR (2000) « MiERAEMARIE = B oS B R
DLEEEFMOERE, EAMBEEMNFER No.20
pp87~101.

5) AEEMZE, _LIREA (1966) : felif B R o F A,
We~b, FE2EE2S, ppT~12.

6) MEamIE (1968) : HIK2 V) — Tk 2HmATE
RO TR, Hig~b H4EHE3S, ppl~8.

T) wWERlZE (1987) RHEFAERLZI PRI/ D 7 Y —
THIR QBRI > W T—HETFR OB L T
—HIT Y, F24EE 1 Spp30~38.

8) mEElZE (1992) : [FIFHETF] B HIUR,
ppl44~182.

9) fRENEH (1990) : #ErE [BEIEOZELr & HHiE R
ZNE=TRT 2HE (20 2)), Hid~bEdfy, Hid
N0 XEE#ES, Vol.17, No.l, 495, pp26~34.

10) REMENER(1990) : #EE TBEROE(LD &R
=¥ 55k (20 3)] g~ Edly, Hg~
D XRHES. Vol.17, No2, 505, pp24~33.

11) Esu F., Destefano D., Grisolia, M. and Tancredi
G. (1984 : Stability of high cut in overconsolidated
lacustrine deposits, Procs.of the 4 th Int. Symp.
on Landslides, Tronte, pp63~68.

12) Zvelebil J.(1984) : Time prediction of a rock fall
from sandstone rock slope, Procs of the 4 th
Int. Symp. on Landslides, Tronto, Vol.3, pp93
~95.

18) Zvelebil, J. (1996) : A conceptual phenome-
nological model to stability interpretation of
dilatometric data from rock slope monitoring,
Procs of the 7 th Int. Symp. on Landslides,
Trondeheim, ppld73~1480.

14) B {3l S8 M=EF, pkHE B (1980) : Ml
PRI O BT, 0 HUE & BB PR
No.2, ppl3~30.

15) Monma K., KojimaS., and Kobayashi T.
(2000) : Rock slope monitoring system ' and
rock fall prediction, International Newsletter,
LANDSLIDE NEWS No.13 pp33~35.

16) Gould, J.P. and Dunnicliff, C.J.(197D) : Accuracy

of field deformation measurements, FProcs. of

the 4 th Panamerican Conf. on Soil Mechanics
and Foundation Engineering, San Juan Puerto
Rico, pp313~361.

17) Miiller, L.(1964) : The rock slide in Vajont
Valley, Rock mechanics and Engineering Geology
ppld8~211.

18) MAERH—EMR (1981) : [HEZRE LEIEH &
s> | HAMREY: THEZEMEEZERES HEREH
ik pp66~68.

19) Skempton A.W. and Hutchinson J. (1969) :
Stability of natural slopes and embankment
foundations, State of the Art Report, Procs.
of 7 th ICSMFE, Mexico city Vol.1, pp291~340.

20) Tavenas, F. and Leroueil, S.(1981) : Creep and
failure of slope in clays, Can. Geotech. J. Vol.
18, ppl06~120.





