The Journal of Engineering Geology, Vol.18, No.4, December, 2008, pp. 459-470

Hoel - HwE
FRUSE ApTeL Aela sy

Study of Structurally Controlled Slope Instability: Pibanryeong,
Chungbuk, S. Korea

Sang-Won Cheong and Byoung-Ryol Choi*
Department of Science Education, Chungbuk National University

@ 3
UFYE 5 TYH B4 24 19 Sus] AP, ENFS) AJAYT U L
o Feigto 2 TR o]F PN vk WHHES e WHHARCE T BEd BYTE 0|99 BAS
B 5 desh WhTE B wras 3484 g Ao FIUNe) & wAHe] Uk 2719 BAFT Pz &
719 FHGRTRY YU U eTre YO AFe) TP FYAL £ 42l 2 471F e 79
Y 42 5 Oed G o) s st Whva § 399 el W] A ZAse oy 3
7ol SPde Yol B aolo] BTk TR o) Alel W 329 W] Nz YA A9
HRSAE vizele e A9 HuAE 5 A 9] Bekonl, AR F3e) W) N 7o TR
& Aie AT WY wxje] st} A4 At AHpRe wole Ao B,

Fao) : ARA, W7, NURY, FHA 54, g o] B o7

Types of slope failure related to cut slope stability are interpreted through case analyses, and also factors affect-
ing structurally controlled instability investigated, which are developed by geologic structures along a national road
No. 25 across the Cheongwon and Boeun-Guns, Chungbuk. Engineering properties such as orientation, persis-
tence, roughness and uniaxial compressive strength of joints are analyzed by square-inventory method in three
areas with well-preserved outcrops. The study area is located in Ogcheon folded bet, and are composed of quartz-
schist and quartzite in the Midongsan Formation and phyllite in the Ungyori Formation. Flexural beds by folding,
schistosity and cleavage besides joints are developed due to slight metamorphism. Various types of joints devel-
oped by folding are formed such as strike-parallel, strike-perpendicular, wedge and wrench joint sets by both ini-
tially regional and later superposed folding. Factors of slope instability are created by crossing the orientations of
joint, cleavage, bedding and slope one another. In the case that the orientation of a slope is coincident with one of
beds, factors causing large-scale failure including plane failure are increased greatly. Also in the region that orien-
tations of the slope and bed are crossed each other at high angle, only local and minor failures are shown in the slope.
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Fig. 1. Geologic map and cross section around the Pibanryeong
area, a boundary between Cheongwon-Gun and Boeun-Gun,
Chungbuk(modified from the geologic map of Miweon
sheet(Lee, et al(1980)). 2.5x vertical exaggeration in cross
section,
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Fig. 2. Photomicrographs of rock samples mostly present in the study area. (A) Quartz-schist from the rock sample in slope
1A, (B) Phyllite from the rock sample near slope 3, (C) Crenulation cleavage from the rock sample near slope 2, (D)
Crenulation cleavage from the rock sample in slope 3 (Qtz: quartz; Py: pyrite, Hm: hematite). Minerals in matrix are

composed of micro-crystalline biotite and sericite).
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MESOFRACTURE SETS AND SYSTEMS
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Fig. 3. Aspects of fractures developed by regional folds
(adapted from Hancock, 1985).
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Fig. 4. Formation of joints developed by folding. S-type parasitic folds indicate regional fold structure, asymmetrical
anticline in quartz-schist. (A) Strike-perpendicular joint and wedge joint set, (B) Relationship between strike-parallel joint

set and bedding associated with folds.

Table 1. Relations among geologic properties such as bedding(or schistosity), crenulation cleavage, fold axis, average
thickness of the bedding, rock type and joint spacing in X and Y direction measured in each site for slope stability analysis.

Bedding . . . . . .
Lo Cleavage Fold axis  Average thickness Joint spacing Joint spacing
Slope No. E’i;/fﬁ;ftgfr‘;{ (dip/dip diy* (rendiphunge)  of beddingem)  °F Y Xy cm) (V) (cm)
Slope 1A 51°/321° 50°7120° 050°/18° 329 Quartz schist 12.1 122
Slope 1B 45°/350° 78°/140° 058°/20° 32.0 Quartzite 7.8 143
Slope 2 30°/000° - - 33.0 Quartzite 122 12.8
Slope 3 46°/343° 65°/122° 121°/08° 135 Phyllite 8.5 12.3

(dip/dip dir)* above indicates dip and dip direction of plane structures.
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Fig. 5. Contour diagram of bedding and crenulation cleavage(lower hemisphere). Numbers 1 and 2 in the figure indicate
the orientation of bedding plane and crenulation cleavage, respectively, and N indicates the number of measurements of
bedding planes in each slope.

Table 2. Parameters of engineering properties 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).

Slope .. . . . .
Slope No. orientation No. of joint . J(?lnt ' JRC* Frlctlof)l angle Joint den251ty
(area) (dipidip dir)* measured (dip/dip dir)* ©® (cm/cm®)
1 75°097° 0-4 30.1
Slope 1A oo 2 529847° 610 36.4 0.1016
(2.0x2.0m) 6077310 37 BOsT02° 02 200 '
J4 839069° 4-6 333
J1 81°9246° 46 333
Slope 1B oo 2 879084° 2-4 31.2
0.1188
(1.5x1.5m) 6077310 50 J3 88%131° 2-4 312
4 86°212° 0-4 30.1
Slone 2 I 819071° 0-2 29.0
a siriesm) 60°/095° 40 2 899253°  0-2 312 0.1146
o B 30%019° 24 312
o 639116° 0-2 29.0
Slope 3 om0 2 689/328° 0-2 29.0 00
0766
(1.5x1.5m) 6237233 *® 3 64°%006° 24 312
J4  889109° 0-2 29.0

JRC* above indicates Joint Roughness Coefficient of each joint set.
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Fig. 6. Contour diagram of joint plane in each slope (lower hemisphere). Numbers 1, 2, 3, and 4 in the stereonet projection
indicate set of joint plane, and N indicates the number of measurements of joints in each slope.
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Fig. 7.

Relation between dip direction and sum of joint lengths with the same orientation in each slope.
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Table 3. Uniaxial compressive strength of each joint set
calculated on the basis of Schmidt hammer rebound
values(J1, J2, I3, and Bl indicate major joint sets and
bedding plane, respectively).

Orientation of Uniaxial compressive

SII\? (f ¢ joint set strength (MPa)
’ (dip/dip direction) (standard deviation)
I 75°097° 172(2.43)
A 2 520347 90(8.86)
Site 1A 13 70060 97(3.16)
Bl 83%069° 156(1.93)
1 81°246° 103(2.50)
. 2 87°/084° 100(3.30)
Site 1B
e B 8813 87(3.26)
4 8692120 93(3.55)
1 81%071° 354(1.12)
Site 2 J2 89%253° 184(3.36)
Bl 30%019° 198(2.72)
‘ 1 63116° 268(1.41)
0 O
o3 2 688 183(3.12)
B3 64%006° 79(14.39)
Bl 88%109° 262(1.28)
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Fig, 8, Outcrop photographs in three different slopes. (A) Slope 1A, (B) Area between slope 1A and 1B, (C) Slope 2, (D)
Slope 3 (see Fig, 1 for location of the slopes). X and Y indicate direction of measurement in joint spacing in each slope (see

Table 1).
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Fig. 9. Results of failure aspects analyzed in three different regions of the study area by using square-inventory method
(region (A): plane failure; region (A) + (B): wedge failure; region (C): toppling failure).
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