&2|7 BEE AUXIHOIM BT AlFET(t S MBI0] 2Bt A
Al 325 R M2z off 28 HeaHF

(Reliability and Curvature of Inclinometer installed in Rock Zone with
well-developed Bedding plane using Rotary Boring Machine and
Percussion Machine)
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Rock Slope Stability Analysis requires to understand the movement of slope, when the
slope moverment is expected in the lower part of slope. In that case rock slope
stabilization can be made based on assumptions of the sliding plane under slope.
Inclinometers are used often for their easy installation and reliable information in relation
to slope stability, and they are usually installed using the percussion drilling machine.
However in rock zone consist of well-developed sedimentary bedding planes such as
Poryong Dam Leftside Slope, its reliability was known to be very low. Therefore instead
of percussion drilling machine the use of rotary boring machine is recommended. It was
known that installation of inclinometer by a rotary boring machine may have lesser
curvature and provide high confidence in the measured values.
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1) Grouting® 3t= =3 24w} Aolgel Frurge] WAHA FEF fostoop F.
2) AAEZE Aol g Feo] dAsA Ao)YUE FFE Folgo] FH& AATRH

23. THES MY

- 100 -



2.3.1. Sensor

Sensor= Guide wheel® Casing WA F£H o2 XA H3m AZ Cabled & F3o=
miet2] Boreholed A€ Casingtloll 44 Eth Guide A= ASA @3 Aojsz] Yl
Casing®] 95 WHoAM T 1402 FAA 49 H2wae Fo 93 Axdo)

Sensor Casing® FA o2 FE ZALzd vste 1713058 2l 900 2 #8
Azs A&7 Al £& M3 AFEHE FY ME A& A2 FAEH dY.

2.3.2. Digital indicator

Digital indicatore FW¥ 4 A& 71712 indicatore 6 volt¥tdlgl2 AF A A7|F Ao)
183 digital2 data & o] 7hE3it.

2.3.3. ®MJ| Cable

Cable2 Jexg yEI Fdxd aglx 6719 2PE dFAez FAHY 93L&
10.7mm=Z %<3 2l ¥ Connectord] 28 Sensorel ¥2 o] it} Cabled wWgda g&w Zo)
H3lE HA8A7]7] f8 =43 HA a8 gE5AelgE AXAFIE 97 1.6mme AR
Aol qth U2 ZE MAFAE 05m AL =FMog Im AL BEeMoE FAFH g
o™ 7z} 0.5m vttt Sensor vFFAtol Y] FHA|AH ) Aelg 7tE2ZT
2.3.4. Casing

Casing2 F3o2 H¥% Holedd AAHY AAL ABS Resin A9 2 indicator7}t 4¢)
HEE 4F9Re Fd3 A 419 #AEE 7HA

Casing® =7]& 3m ZolZ 97 8 X W73 75 mm

217 70 X W7 60 mm
27 48 x W7 38 mm9 F77F Ao

2.4. AH7|7|2 BN
2.4.1. ¥4y
ZAEgr dE AAAY BEEYRYE o2 HY £53° ojy,

242. 4 2 £
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Y 5t AN ¥E HaA: o g olrh
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30m Hole 449 ¥dEANA AA xb= AA 9} digital indicator L8] 3 Slope indicator
casingdlA FA " 2LAE LA A £75mmE A= g

2.4.4. digital A

AEE 4-digit s vElda At ZERGEE dAEsd dE /ST £02%0
.

245 FE2T
indicator®} &% :© -23° ~ 49T
sensor® AFLE : -18 ~ 49T
indicator®] X4 : £(0.015% Reading + 0.001% F.S.) / T
sensor®] =44 £(0.005% Reading + 0.005% FS.)/ T

25 S % STYY
25.1. 83

B A Sensor(X@ 1)Wol] WAE MEMEEAT ZAAMA do|Xeo MHxd && o 23
oleA EFAs et AN FEHIFoZ o EoldE V= AEE 7HX 2719 A
ol AL o]F= Ao (F)E AT

&3¢ Alo]zH(9)3 Sensor’/t HHE Guider WheelE YA3}7] wjFo] wWHolFe
displacement = L X Sin 8 2 78—4%!‘4

A& d AAHA UFA AA WolFE HAgFoAe WolFor FHAT

2.5.2, {¥YY

1) Ao}l Pulley assemblyS &3}

2) MM}t AlolE 83 indicatorE H A g},

3) Al gtoll AME APt (A+F W&ol HEE FHUIE Ho2 dodE= $¥e
2 34 2L 49 B ARE €5 UEE AA uH o IS wEd)

4) Pulley BFAE FHoldol AME AolA wigd7tA ey, ojw 7|77t $4& ¥UA &%
Z Fosi}

5 2$XE FEA7IL AME E
Aol N E@.

6) MNE FAZA Ty ASTF AME 180" AAA 2L A2 gA] A4yt

7) AMZ v 22 4& wEe &R ASAEAA AXE JEi 05m FFHLR AF
9] BEZFE HE 9 7S gt

o 9s 056mztFd oz Ast B ASAE o

L2
o
AU
e
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2.6.1. Data reading

Digital Indicators ©|&3d AEFE 9o Data 8L 4-1/2 Digit back-lighted liguid
crystal display(LCD)ell 4#l8] <xt& el =4 Datayr W3 A 717 Ao WA 25sine d X 10°
EE KXsined 2 71E50]A), A7[A Ke AS7 AR 250000t 4+ A9 B sensor
Wakoll A Guide casing®] ZAtzZte 2 B&$& +£53° o dis] 20000 SEF R FAA shto
1=

Ao AZ(£3" )2 Casingg HAFAL H$ A¥EE I0mPF £6mm °)3E A& &
o], 1° 9 AAAM(sine I° = 0.0175) |=gkL 25x%0.0175 = 0.0436°)t}.

2.6.2. Data H&|
%74 ¥ Datat &9 #3¢ A Ael@eh

1) Difference

old ZoJdA EAY F wWEe #A=F AT AWA A=533 FHA e dgdiya
Aol & A Aeldd. AEd #FL ¥ 19A4 BAFE= AXY Zz “A” ¢ ‘B” dEgk
9 QEZE 9 “DIFF’ 7t &t}
¥ 1. Field Data Sheet Example(Initial Measurement).
INCLINOMETER DATA SHEET
OBSERVATION WELL NO ;
204 SHEET OF
INITIAL DATA SET
DATA : 81-7-1 INSTR : READ : CALC : CHKD :
DIFF
peptH| DEF A DIFF CHANGE D% B DIFF |CHANGE
Initial | A+ A- Initial | B+ B-
1.0 ~-57 [+59(+2)| -116 -57 |+b8(+1)| -115
15 -63 |+62(-1)| -125 -57 [+59(+2)| -116
20 -63 |+61(-2)| -124 -60 |[+59(-1)| -119
25 -51 |+49(-2)| -100 -36 {+35(-1); -71
CHECK SUMS

X 1A “diff” 324 sty zolE B ARE BEZdA digddd xolg drl 9
A= AZA QEZE FES W= DIFF(A) = [ RDG(A+) - RDG(A-) ] 7} Hojof &
o}

2) CHANGES
digital ZAHAY FREH L A YA ANA Aol FA WZE FAstE Ao g AdAE 4
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Zolol oig F Datagt Atele] tidd AboldlA o] WSLE AA{lsle ALE AT E7|Fol

Ax=EIlow x7| Difference™ HForgAe 4%
%7| Differnce 9} #A Difference Ato]9] ¥W3l= 2 EZ “CHANGE” 354 7j5d4.
olg| g Wo] AAAE S ¥4 HXE AT FAA AL ot (F 2)

Wl 71]ldd

¥ 2. Field Data Sheet Example(Initial Measurement).

INCLINOMETER DATA SHEET

OBSERVATION WELL NO ;

204 SHEET OF
INITIAL. DATA SET
DATA : 81-7-3 INSTR : READ : CALC CHKD :
DIFF A DIFF B
H DIF
DEPTH Initial | A+ A- DIFF |CHANGE Initial | B+ B- F |CHANGE
1.0 -116 | -53 |+54(+1)| -107 +9 -115 | -57 |+58(+1)| -115 0
15 -125 | -60 |[+61(+1)| -121 +4 -116 | -56 [+57(+1)]| -113 +3
20 -124 | -59 |+57(-2)| -116 +8 -119 | -58 |+59(+1)| -117 +2
25 -100 | -50 [+49(-1)| -9 +] =71 | =30 [+31(+1)| -71 0
CHECK SUMS

“Change” = Current “Difference” - Initial “Difference”2 1@ LA RAx= B4
Az Ao g9 g A3 AHEH] Mo

o
cLay ;'
10
20 %
& <
L 30
=
z I~
o TR e
w a0 —
SHALE f/ !
4
so
60
26 © -2¢ Jags
SLOPE CHANGE (Dial uNITSY
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{
L
}

-

SHALE

o000

5C

O

05

'O s

" MOVEMENT (INCHES)

19 1. Data plot example.
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3) DEFLECTIONS
Change:= ¥$] B 3719 ¥3 oz wgyn +82Q #AAL: ¥ 3.3 g}

3% 3. Data summary sheet example.

Sinco Slope Indicator Company
Seattle Washington U.S.A
DATE : 81-7-3 INST :
DEPTH INITIAL K = 20,000 C =001
81-7-1 DIFF CHANGE |2 CHANGE | DEFL(mm)
1.0 -116 -107 +9 +33 0.33
15 -125 -121 +4 +24 0.24
2.0 -124 -116 +8 +20 0.20
25 -100 -99 +1 +12 0.12

HAAA AFF uts}ito] 2eH L FAHULSH I 7|EAE OdSAY wA
Reading = RDG = 25 sined x10° zelmz 483 xtol= 03 go] XdAAL
Difference = DIFF = 5 sine x10' v}@7}42 Change: ©&3 2t}

Change = 5 sinefcx 10*

CHANGE

50,000
A714 Gce ASHE ol 7ol d& 2o WIE JEdd.

ol 7t BF AN Alolx Aol(L)s}t FYsith

L =05 m =500 mm

ol F7te] wet A ugd A dY s gAY 4dgrygez g9t
Z7hgt M3 = L sinefc

CHANGE

50,000

L = 500mm & ¥& o F7bs A3 (Deflection) = 0.01 X CHANGE(mm)

“change” Et F7He WL FANAAL Aol BE WS ZAASY] Y8 nigdez
e ¥4 HolArh AolHe xIHXE B FZREY AFolY £HEHA olFd g% A
o]/ de] WP L UWtH o F A ZWtE] AXE Aol uidd] JEL F

Data summary sheeti= “charge”$} deflectionS A4l A& A<Ql data gholl ths] opgx=
HE A@RAY 2t WA F 3] summary sheetoll vl2 7€}

Summary sheet dolX “Initial’3 &2 AS€E g AAHAY WEld gig 7)Fo] HE %
7] data®ltt, o] ¥EO] QEHL 7} 4] FEo] u o]lF FEHLE A7 AF datast Al
kot Zh ofFA R EE “Difference’= vy 3914 RAAE RAAHE 2zt 4 2o 94Z T 7|
dect. deH oz F RE3he] Difference 2 Z7IAZ0] Initial ofeh) FHA 32 7]
ddo=n dozir}.

& Differences E 39X RAA= AAAD A9 "Change’E ZAd7] Y& 27)
“Difference” ¢} ¥l a5 o] Zt},

23 B2 sinefc =

aglrg [, X
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05m ZtAo 2 7158 o Aol FRAA ¥PL 27| #ASF 7IFo] ot

Deflection(mm) = 0.01 X Sum of change

ojd F7+ ol WYL 1 YoldA Sum of charged AHEd= WY oz ARG
Deflection(DEFL)& ¥ 3.9 B4R}

4) Asg F Qe ol 13
HlZ AdAAlol9 Aglst FUM® 05MZo] HHo] ghF-E FFAHLE AMGHAXRE
Z o] tF0] o84 F St
& o] A AYES o AFSHA A3st7] A3 %i‘%lxl‘?%")ﬂk] 9 §F2 3 & AE3t
' Aol #8332 dataAl it AlZHE Ay Y& ul$ ZE HoledlAde o W& HA(F
2m)g AHEEHE Aol § AAAY Roltt ol AAL RE BIH 8471 s Ho Aok
g g & Aot
wtek zZlo] 7+A o] 0.5me}t thErtd Yol Fojz AL g3 Foldrh
Incremental Deflection(mm) = L sine 8
= L x change/( 5 x 10%
= L/5 x 10 x changeZ
3 A%Eel thsl Deflectionimm)=L/5 x 10 x sum of changec|™ 1714 L& Hargz
Zlo] tAo|t}.

3. M30f O& HIREHN

3.1. ZAIA A

ZAAHAE duaRe A S s Aol gl WARARA AT A dARA
o AT 2 HAFo AHgd Anl= 49 2o

E 4. BAHA BAHAE R AL

| g3 M BAHA AAAE (M) B ] z271% &3¢

B-1 78.63 445 AN AIF7) '97. 1. 22

B-4 98.69 96.5 44 A¥F7 '97. 1. 22
3.2 EMuy

AR AAT AZAHADE ANGFGoU 2049 AS Data® Mme At ohute) A
£ol 98 Aoz daRE s AHAMY FHEAF] 2 Aoz AZHUn
"ol oa AARHE ANNAN thed U AESA

3.2.1. A%71712 nZoit
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AZ717] A EAY AFE AHEIA 249 AS772 FYF FAAAAN ASE
Tystdont zol7t AT

3.22. ZAA AANCH HE

AZAFH7 aelrt e 2M4aT T dutd AFHAoH Gx AT AHEE
ZolZ7k AT AFAAu ztol7t AFd wAE FFS otEuA x7] ASFA S Raw
Datag 4&¥ uisp e Byos AAddEs AU (2€ 23)

3.3. M3

3.3.1. ZAIA AAEH HE

BN 2 A7) Ao AAAN FAEE AL & AR Aoy, 271 &4
#He Z+ Axd FAH AYFE ol &3t HAMA A HHEE AT A AAAY HAX F
B7t 32 G4 dE Aoz HAsHo UAGR B-4i4F9 A¢ Ad¥IFgez Hd 13m
9] HaE 7HAY FHadRAME ¢ o 2659 AAE JHAWEA ARHY YIS U3
Aot (28 23)

ol Aule Aol THHAY B-1¥MF 2 AIFVIRE 7T AFFE FFsA7] H2LF
A3 FALE FAGL e W B-4¥UF L AAA HAE I JAFTAYA g =
ol 23 FAA HAFoZ o] s vt G E wEtA HFo] JPHE TN
o7 Q% Row AYHUL

3.3.2. ZAIA AN ©®2 Angle HE

BAALA gaEFANNE AAHA 3L YeEHen, 50Cme] 3HF A}zﬂfﬂ 2wzt
o g A B‘s‘z}—“—ﬂ“a Z71x 9 £4 HAFYAH('97.03.11)9 Angle ¥3E %‘—zq ) 2 3} o},
BAAE B-1¥M3e FAE7 g F3d, B-2, 3, 4\11%13 uj $- /a?} %42— A ge] WA

daee w;a;v_ T Angles) Wt A Ho) 014° § HERAAT 014" 9 Aolo] o
W9lge o 12mme ©leal,

Do) Tl 005 Wl ZE Wt AdHgen o= WG] vg Fomz A
We) AN AFo] AEHE Ao BHsE Taso

3.3.3. ZAA &2 Raw data HE

A ARE AEZ HEIFJOY AAH Hdejeo] FARE FHARH o= Wt =2
A A= AFE 238 F U4 AR 1EAE b‘r FoA FH AdF7tA d&43
Q1 FARYAFS delllE Aoz AS 339 AAFE AN AMME A 0(HEFY S
Az A 180(-)w3e] EAA 22171 0.1 mmelidd Mol Qs Aew B 5 QY.
A ZHE #e BAH 279 FAHA FHAE v G353 HUAE Bolu, 3
M ®abzt Frhehd.
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27199 vTZAHA 4 HFA97.0311D)9 ASdde 4IFFETF & UAE 71E32
Aot 7 3d 271 EAFHFLE A BFY FAHAAE ©E9 ¥ 59 FH.

¥ 5 AAHA 715X 9 Al R HdWHo|F
B -1 B - 4

R= ]
T Y Aug [BUT A% B IR
% 7] & | 2186 | 1797 | 2609 | 2383
A E @ | 7668 | 4475 | 7402 | 7179
EN& - o | 1330 | 297 | 2398
HF /2 ' ’ ) )
H o | -807 | 555 | -4205 | -31.38
Woe) e | 079 | +408 | +165 | +1646
W9 X | 728 963 | 4370 | 4784
3 Fd
wo o | 43| I8 | -1750 | -3168
L] -]

9 E 5M miulsh ol TAUAIL 478 e FAF RAFI 27339701220
ARE 2H AFYAAS) WAEF 4 9E o5 WPFel Uehht WEEe FAANT
o Wate] He £AF melFth

a2e3 ALY WATL T A9 FHUND Hstel B F& FNF HIFT

ee & 4 Ao

B-19FY A% WelZo] 10mm HHoz Ad Wsrt g Y FHE BolE @ BA
Hol ge Aoz A4S, B-4NZBY A% FAUAF Aolgh wAF] A X o
= A MYol W A FAE oF: g1y dEo2 FPE

4. 7B
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1) 227 22 AN AFAAL £ A AF7)7F 3N ATl wste]
Fr e IXEE FAERY.

2) AAA AAF 27)AZX 9 Raw Datag o] &3 v B4 gl=A] 2790,

3) AAMA AZAES QR BN wgsuzt FAA ASAE o]8s AMH W &FWE
2% A 349 Cored AFFAHEY Cross Check 3t o] astr.
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