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Analysis of Slope Stability and Property of Discontinuities Using
Square-Inventory Method: The Changri area, Boeun-Gun, Chungbuk

Byoung-Ryol Choi and Sang-Won Cheong

Abstract The study shows a method called a square-inventory method, which is a better and faster method than
scanline survey and window method for an analysis of slope stability. The study area is located in the Changri
area, Boeun-Gun, Chungbuk, and consists of many formations of the Okcheon Supergroup. Various types of failure
are observed from the phyllite including the rocks in the study area. The physical properties of meta-sedimentary
rocks are that minerals of the rocks are composed of microcrystalline quartz and sericite, which are arranged parallel
to bedding (or schistosity) and crenulation cleavage. Therefore, such properties affect geotechnical ones of the rock.
The slope stability are analyzed by selecting 3 areas, each of which are divided into 2 or 3 slopes of Im x Im
area that represent each of 3 investigation sites. The possibility of wedge and toppling failure is very high in all
3 areas by using square-inventory method. Although possibility of plane failure is weak in the investigation site
2, the plane failures are frequently found from the slope of site 2. The bedding (or schistosity) plane and cléavage,
another types of discontinuity coexist in meta-sedimentary rocks unlike igneous rocks, and therefore are important
factors to be considered together with joint structures in the analysis of slope stability.

Key words Square-inventory method, Slope stability, Meta-sedimentary rock, Bedding (or schistosity), Crenulation cleavage
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Fig. 1. Geologic map around the Changri area, Boeun-Gun,
Chungbuk (modified from the geologic map of Miweon
sheet (Lee, et al.(1980)). Lines of A-A', B-B' and C-C'
indicate cross section of each area (see Fig. 3).
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(a) Photograph of bedding and crenulation cleavage from the
rock sample in site 2.
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(b) Photograph of bedding and crenulation cleavage from the
rock sample in site 3.

Fig. 2. Relation between bedding and crenulation cleavage.



Fig. 3. Cross section indicating locality of each site in fold
structure formed by regional deformation in the study area,
5x vertical exaggeration (see geologic map in Fig. 1).

23

ofj

o= A YrkolEd ¢, mURE, 1980). ol
FEEE AR el ket ek 712 % 9)
U dA|ele) ARIehy BAA] S4e X)gat Hol
glor B3 +AUFOR oA glonz 237
o Basvlel e, P B4 JFL 714X

18 2 o ok
o

&2
lo

TaE 2R BE Ao 2 deE 9)
om 712 YB BASHGL WATRS A
St} 2k 23490 2 E= 3 Faye) AEFO 1}
ERdek(Table 1). "2l 2ol Wapswt Hejnie] wu
AR7IE APRS) obY B40) A% 84 B9 Shiol
oAb QP4 HAT FracworkXPE o] §3F 331907
AZ8EZ Sistel 243 BRTEE A S om o)
24540 22 5 om ol3t)
A LS} 2] ghe 3
9] o] G F 4 9ot Awie] gbgel 2
S XA 9] olk
23 0|35 olpzxet =3
ASHAe G 714 4 e AuAE BT 8
4 lofsby] gistel 7 s oby EES A5

=
A

Table 1. Relations among slope orientation, joint, bedding (or schistosity), and crenulation cleavage of the rocks measured

in each site for slope stability analysis.

.SIOPf Slope No. . Bedding
Site No orientation Joint or schistosi Cleavage
. (dip/dip din)* Slope |No. of joint | Weight (dip/dip dir)* Sio/dio d ti’ (dip/dip dir)*
No. measured value (dip/dip dir)
n 88°/200°
1-1 20 738 31°/296° -
2 80°/271°
i Ji 70°/098°
Site 1 1-2 41 1448 32°/299° -
60°/280° 2 65°/211°
n 85°/143°
1-3 32 1106 12 83°/020° 46°/310° -
13 41°/254°
11 88°/069°
2-1 34 1750 R 63°/020° 48°/151° 85°/300°
. 3 84°/167°
Site 2 65°/355°
n 65°/199°
2-2 31 11 2 74°/241° 45°/150° 62°/120°
13 63°/135°
n 52°/268°
65°/000° 3-1 37 1499 2 78°/237° 55°/160° 80°/143°
. 13 89°/142
Site 3
J1 80°/227°
70°/115° 32 34 1068 J2 89°/250° 72°/322° 82°/140°
3 47°/132°

(dip/dip dir)* above indicates dip and dip direction of plane structures.
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(a) Photomicrograph of crenulation cleavage from the rock
sample in slope No. 1-1
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(b) Photomicrograph of crenulation cleavage from the rock
sample in slope No. 2-1

Fig. 4. Photomicrograph of phyllites showing the relationship between the orientation of crenulation cleavage and bedding.
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Fig. 8. Weathering aspects of the rocks.
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M) AL 140.7-157.7 MPa, 22]We] %< 103.4 MPa
oju, AT 3ol He]e] A$ 100.2-101.8 MPa,
Zamo] AL 69.2 MPaZ ARXEE]QITK Table 3). ¢H419]
UL 2| Fo|| wl} & 2JolE Kol ol XY
of w2 Aol He7td 9 k9] T3P Sl
711gkt} T3 5%t Aol A2 dFS $=F
ZEE Hojn) FEj(EE Ha)He &= Hd
9] otEAw W} oF 10-50 MPa9] 2 ZHS zh=t}

ARG ] EALHol gk kY BAT AP <
A BAE Y18t AFE =219 DIPS 5.0 o1&
sto] B4 299 ot PE A6t £33 2 A
A EAANA 3204 flollA S EH45H
wrafdst Zo] W AFE =R 138 FracworksXPE At
431 3xe] = RE vHEe] @ BEASHY Wy
= AZtE}egih(Fig. 9).

Table 2. Parameters measured and/or calculated in each set of joints for slope stability (values of friction angles are calculated

on the basis of JRC values measured in each joint plane).

. . . Friction angle Joint density
*
Site No. Slope No. | Major Joint Set JRC © (m/m?)
J1 4-6 33°
1-1 7.4
2 6-8 35°
1 4-6 33°
. 1-2 14.5
Site 1 12 6-8 35°
n 4-6 33°
1-3 12 6-8 35° 11.1
13 6-8 3s°
n 2-4 31°
2-1 12 4-6 33° 17.5
. 3 4-6 33°
Site 2
n 2-4 31°
2-2 2 4-6 33° 111
13 4-6 33°
J1 4-6 33°
3-1 12 4-6 33° 15.1
. 13 4-6 33°
Site 3
I 4-6 33°
32 12 4-6 33° 10.7
13 6-8 35°

JRC* above indicates Joint Roughness Coefficient of each joint set.
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Table 3. Uniaxial compressive strength of each plane calculated
on the basis of Schmidt hammer rebound values (J1, J2, J3,
and B1 indicate major joint sets and bedding planes, respectively).

Slope No Orientation of planes| Uniaxial compressive
P ‘| (dip/dip direction) strength (MPa)
J1 85°/010° 56.6
2 85°/085° 58.1
Site 1
13 80°/195° 533
Bl 35°/305° 40.7
J1 45°/340° 140.7
Site 2 R 85°/235° 157.7
BI 60°/150° 103.4
n 80°/220° 100.2
12 55°/085° 101.3
Site 3
3 65°/170° 101.8
B1 60°/330° 69.2
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(a) Block geometry of slope No. 1-2

(b) Block geometry of slope No. 2-1

(c) Block geometry of slope No. 3-1

Fig. 9. 3-D block geometry generated by FracworksXP (see Fig. 1 and Table 1 for the site numbers).



(a) Failure aspect in slope No. 1-2

(b) Failure aspect in slope No. 2-2

(¢) Failure aspect in slope No. 3-1

Fig. 10. Failure aspects of three different regions of the study area by using square-inventory method (région (A): wedge
failure; region (A)+(B): plane failure; region (C): toppling failure). See Table 1 for the relationship among orientations of
the slopes, bedding planes, crenulation cleavages and joint sets.

Table 4. Results of slope stability analysis in three locations.

Slope No. Types of p0551bl.e Result .Of Remark related to geologic: structure
failure by analysis observation
. . 1. Plane failure due to bedding fissility.
Slope 1-2 Wedge and toppling Plane and toppling 2. No toppling failure possibly due to low hight of the slope.
' Plane, wedge, and 1. High possibility .of plane failure due to thén coal material
Slope 2-2 |Plane, wedge, and toppling tonplin parallel to bedding.
PPing 2. Wedge failure due to ‘intersection between J1 and bedding.
1. High possibility due to intersection among J1, J3, cleavage
Slope 3-1 Wedge and toppling Wedge and toppling and bedding affected by local folds.
2. Weak possibility of toppling and no plane failure.

(a) Plane failure in site 1

(b) Plane failure in site 2

(c) Wedge failure in site 3

Fig. 11. Outcrop photographs showing different failure aspects.
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