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9. Development of a Monitoring and Alarm System for Slope Failure
Using a Laser Beam and Optical Sensor.

by Kazuya ITOH**, Yasuo TOYOSAWA®**,
Minenori TAKEYAMA*™* and Tetsuya SANO***

Abstract; Accidents due to slope failures frequently occur at excavation sites. In Japan, approximately
20 workers are killed each year by slope failure or rockfall during slope cutting work. Lives could be
saved and damage reduced if early warning of slope failure could be made. Although many monitoring
instruments for landslides have been developed to measure the movement of the slope just before
failure, most of them are either difficult to set up in the field or are too expensive to use in small- to
medium-sized slope cutting sites. To prevent accidents due to slope failures, it is necessary to develop
a system for monitoring small- to medium-sized slope cutting sites.

In this study, a slope failure monitoring and warning system using a laser beam and optical sensor
was developed and its application was examined. Firstly, the laser beam and optical sensor were
selected to satisfy the requirements of a precise measurement system with simple installation in the
field at low cost. Based on trial tests, an amorphous silicon optical sensor, 635 nm laser beam, and
sharp cut filter (transition wavelength: 620 nm) were selected in this study. Next, a model test of slope
excavation was carried out to investigate the slope movement just before failure. The height, width
and slope angle of the model slope were 2.2 m, 1.35 m, and 60 degrees, respectively. The results
showed that the relationship between the output voltage of the optical sensor and deformation of the
slope was found to be linear within a limited range. Finally, a monitoring and warning system for

slope failure was developed based on these results.
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Fig. 1 Annual occurrence of number of labor accident

cases during the construction works.
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Fig. 10 Field test condition.
Kt —DOBHIREERRD

Fig. 11

Output voltage distribution without sharp
cut filter and the eaves.
HABEEDA (7 12— BEL)

WxOP (X)) 7 v 7&2 AT = 7R 2T WELELS
L, BEEZF— 7 —0h—I2X IS 5,
222 L—Y—KDREE

L= =%, BEMiZR Y A7 228 T L7010 — %
BICHENTWL L= —RSf V¥ —2filT5 2L
L7z BIfE, L—¥—RolEs L C2HEORE
(650nm, 635nm) & 1FEFEOMELE (532nm) 25T IR &
NTwWb, 7EILVTZ 7 ANkt -0 kEE (Fig. 7
ZHR) A 5 1X532nmDFk & fEH 3 5 D 25K b R A
Bwv, L2L, BUfEofktotidRetictxTcax b
VR0 H A5 720, AR CTIEREEZHAT2 2
Er L, HHERFIZO50nmICRTHRIGEDOHL 824
5635nmD L —HF—F A VI —FE V2 —VEMH LT,
COL—H—KA ¥ —F Y 2 — VI SRR A
P ST b,

100
90
80 //

70

60
50

I
I
40 I
I
I
I

FHBE (%)

30
20
10

0

400 500 600 700 800
5 (nm)

Intercept performance of sharp cut filter.
S —=THhy b7 1V E—DERTERE

Fig. 12

270°

Fig. 13 Output voltage distribution with sharp cut filter
and the eaves.
HABEDRG (7142 —-BEY)

223 KBEICKBNEDKREES SV ZDErE

AWFFEINTHER L7206 v —1%, KBRS THE
- LToOHZEMNEL L2 THY), WK
T b RAS5000 (lux) BLEEd 5 KEEh 6L v 34—
MET 5 L BBEBRAKRELS LD, L—F—HoBm%E1T
IBONELER L o TLE ) 22T, KBEATL—
WA 5 2 5528 OMLER) RS 572012,
EAVRAEFEER & 4T o 720 MREEBR O BT % Fig. 1012R
Fo KRFIERE L2t v — 2k %2 BAZ T360°
xS, ZOBOBERLZFNTLILICLD), Kb
OB EMR L7 BB, EBRELT- 72WRNE X UK
Wi T oK OB IZRE /IR, ®ER39.5°TH o 72,
Fig. 111db 2 5 FBgEtm ) T—NfE S - Bo M E
JEDGATH Do Kb L HRZT 2 HEA L TR E LEE
e % UMM HEIEA S THIOVELEO R E L EE

— 133 —



F5 L AR G IS ATRE IR

HE 2BV DH b, TN, ot =2 Senis
EECEEWICINT 570 TH Y, HICEEMEIMET
LCTWABETIE, KEPEZEN:Z-OTH L, ito
T, 2Oty —IEKBEIC & BHMELERAIEF TR
&<, BN THAT 5720121340 & O S LB &
A ENGh oI,

KIS & BV ER 2T 5 H i, Maeric T
A BRFEPFRHEINTWED, —Fmicix, Ms5h
DOFFFECTHARENZ & v — I AN W IRPLET
Hbo HARMIIE, FFMNY FRATANF—I12LD
NELER O EFRAERI L L EBEZ LN
bo T, AW TIZ620nmEL T Ok & #Fig. 120
IIICERTEYY—T Iy b 74 V7 — (R-62, E#
BRI F620nm) %6t o ¥ — ORI E L TAELER
RS EL I L 2RE L2, 512, kI -1tk
e ASTT 5 2 e 2B bl ot v — i3
PICHRE LT (00X L) o%kHZ2 35 X9 RIBIRE L
2o 2B, BOEZIZOWTIE, KEOEERDHEL
7 B 4B OFRIORFEITITAS L 2 W 20°0F B % 25 L
Tl40mmeE L7z 2OYxy—=THh vy b7 405 =Lk
ZHY AP T 72 RBEIC T, Fig. 11 & ABRICAL A & KEEE
b ) T—HiE &z, OO IIEF 545 EFig. 13
WKRT EIICHRARTLRH02VOR T TH Y, KB
LB AELERIERIFIARIN T 2 2 L Aokz, 2B, &
KA & 7o 728021E, AVEY (Fig. 1028) 255 1,
KBS L7t x ML -0 EZOND, £
NUS O TIEIBMAR0IAVEETHY), Y x—Th v
P74V F—ERIZE D KRECOREBIIMM T 2 2 & 28
WksrZ & z2MR L7,

2.2

2.7

Fig. 14 Experimental setup and measurements
positions.

KREE S S UEHAIREER

g4

i  JNIOSH-SRR-NO.35 (2007)

Y bEoWagE+siclc, FRBRTIREL220FEICE
DR AT LADOBEIEEIT- 770

3. RtEH-DOREBEEETHLSFEOER
EEHAIT 55%
3.1 ESRBIRERRIC L B REAHRER

(BR) 5782 4 R A TFZEITN O 2% B Y KR F B
MNICFig. 1412779 £ 9 2 IE1.35m, BAT&2.7m. &S
AEHEA.3mB X OE T2 2mo T EZER L, ABH
BT AT AOBERRICOWTIHRGEZ AT > 720 FEERIZHA L
7o RABHIEE R SR 72 (THL 8B p =2.76 g/em?,
P E K Ew=8.05 %, HALAREER p=1.44 g/cm?)
Thh, Thr PR AR, oD, 60O
WA VER L7z, FEBE, BRMICERBEZHEIT2 2 &
WX FHI A ARS8, HEBICED F TOEREE)
DOFHIE AT 720

FEERIEOFHINE, Fig. 14189 X912, #hiE (i &
HEIE) OBREHIZOWT, L—HF—ZMi (UUF, &
D) ZHWTHE Lze 72, RSS2 7 LITENM
FHCTERII L TV A 81 212 IEF U EICRELTH S
(S1)o Fig. 15IZFEBICMA L-ARE Y AT 20D —
FIHHE, AU v M, & L TROLE ORI %
HTRLTWE, B, Ay PRIV -2 ZE
LC5mme L7z,

View of experiment and detail of the system.
ERMNEEESEFERAL L - -5k
8, AU MR, SHEBOILKE

— 134 —




L—¥ =ttt ¥ —ic X B RO Sl Tl - fi s 27 LORFE

3 ——— = —(H29) : | 3
—=SI = = = =
H —S2(GHIAR R) RY% X % X —
....... <t v o o~ n
----S4 el
fg 2H -~ -ss5 grrnrer ] T -2
g —=S6 g po— -
B —HI P ]
E — -
& | _ —1
E E itg 1
5 ¥ E
0 ! I . 0
0 1000 2000 3000 4000 5000
i (sec)
Fig. 16 Deformation for slope surface and slope top.
L—H—ZMEHC & 2 EEFE(L
(a) TUHREI 00/ IS (b) 10 YA 4 it 20 e
Fig. 17 Sequence of slope failure.
RS2 7N
3.2 EBRER MERFSTIZIZIZFE CALEICEE L TH Y, WFDSEE T

R 20 ke B X VA N Y C A (WA A VAL 3|
% Fig. 16127”F o EIT 2 FEREITB W TH/N RS
BEMDPFEA LT L IRMATERTE Do REREHIT
TR T 2SR T LTW 2012 b 57,
BRSPS, ER T2 502108%12, 50k
FHAEEICE - 72 (Fig. 17 (@) S 5 ICE10RIEHI
WCEMAERZFIL, 2 HEICE - 72 (Fig. 17 (b))
B, KR AT A, ESTRIEEIE OIS0 72
MBOBHCAY) v T LRSI NFHIARREE o7z 22
T, WOMBICEL T TORRE Y AT LOBLKTD
KA EE % Fig. 181”30 A AT A E L —HF—%&

I LTWE, v =L UMEICHEE SN
ZAIFEIS1E OBFRZFig. 1910R T, St v —%®E
wEOMRBEIX, 0.25mmT TIIERLHTTH S0, Tk
0.5mmzF TIE—EDHEHE TKT L T 5, ZDH%0.5mm
~0.75mmTIZZAPKREL Lo TWBEA, IR
DERIZE Y L —HF =R S hiZ L1Tk
% (Fig. 202M) . ot v —FEEIIRAY) v MEIZ Lo
THHBREORIEEEZELTBY, MINERICHBER
CFHNT 2 2 ERMEL Z WG holze LAL, 20
AR CIREHIEMAV NS T E L N ML 2 5, &
BRI Y, BUNERICE s THIEBICEL L) R — X

— 135 —



Fi L RS AT R BT/t & JNIOSH-SRR-NO.35 (2007)

Hll

E =z = 2 B = 2L
3 ¥ KK K X < L
% T TT [ < (7o) [ =
AP AT A 6 =
= 24 . ° B ]
E [ L—y it i =
\E/ —o0—S1 o ,,:: ;%‘EH
O ——S2GHIRR) 4
g S3 (e S
B ----S4 /S BN
In.——ss 7 Y
_IS-I61 g Prrereess —2 eﬁ
i & :::‘.‘.:.-.—.—.-J{/‘, k N
0 s _ | e, )
0 1000 2000 3000
R (sec)

Fig. 18 Time history of output voltage of optical sensor include deformation for slope surface and top.
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