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ABSTRACT

Maximum dip vector of individual joint plane, which can be uniguely defined on the
hemispherical projection plane, has been established by considering its dip and dip direction.
A new stereographic projection method for the rock slope analysis which employs the
maximum dip vector can intuitively predict the failure modes of rock slope. Since the
maximum dip vector is uniquely projected on the maximum dip point of the great circle, the
sliding direction of discontinuity plane can be recognized directly. By utilizing the maximum
dip vector of discontinuity both the plane sliding and toppling directions of corresponding
blocks can be discerned intuitively. Especially, by allocating the area of high dip maximum dip
vector which can form the flanks of sliding block the potentiality for the formation of virtual
sliding block has been estimated. Also, the potentiality of forming the triangular-sectioned
sliding block has been determined by considering the dip angle of joint plane the dip direction
of which is nearly opposite to that of the slope face. Safety factors of the different-shaped
blocks of triangular section has been estimated and compared to the safety factor of the most
hazardous block of rectangular section. For the wedge analysis the direction of crossline of
two intersecting joint planes, which has same attribute of the maximum dip vector, is used so
that wedge failures zone can be superimposed on the stereographic projection surface in
which plane and toppling failure areas are already lineated. In addition the maximum dip
vector zone of wedge top face has been delineated to extract the wedge top face-forming
joint planes the orientation of which provides the vital information for the analysis of
mechanical behavior of wedge block.

Keywords: Maximum dip vector, Block flank, Top face, Triangular section, 3D wedge shape
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Total Number of Joints = 406

Fig. 1. Pole distribution of joints and joint sets (after Cho, 2018)
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Fig. 2. Maximum dip vector distribution of joints and joint sets
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Fig. 3. Plane and toppling failure analysis utilizing joint pole (after Cho, 2018)
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Fig. 4. Plane and toppling failure analysis utilizing joint maximum dip vector

TUNNEL & UNDERGROUND SPACE Vol. 29, No. 5, 2019



Analysis of Rock Slope Behavior Utilizing the Maximum Dip Vector of Discontinuity Plane « 337

A7 1fste] A S 7] 1S FAsH 27 Helae] matile] BAREE o] Al |nky] o] F=Ro] ufel @
517] uho] elo) S i A3 AR Abgole] BAgle] 7120 AL mlridele] Fod o4 SUsh] A4
chFig. 5 712,

Set#1 308/73
Set #2 133/83
Set #3 300/48
Set #4 288/67
Set #5 291/84
Set #6 128/30

Total Number of Joints = 406

Fig. 5. Wedge failure analysis.
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Fig. 6. Comprehensive layout of plane, toppling and wedge failure criteria
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Fig. 7. Formation of plane sliding block
(a) plane sliding block(after Willie and Mah, 2004), (b) stereographic analysis of plane sliding failure using maximum dip
vector, (c) close-up of plane sliding block criterion
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Fig. 8. Formation of toppling block
(a) flexural toppling and block flexure toppling(after Willie and Mah, 2004)
(b) stereographic toppling analysis using maximum dip vector

3.3 447 [aty|

a7 ksl defH o] o [ut Z|HPEARIE Hiilel 271 “drir o] wAl {el el ojAsto] o8| wizell 71 AAE F
B Aol M o] &7 k] o] HskE]A] et ofjA| ApHHA o AR e 1ol Abmol] 71%sto] a2 g 67 deto] wid v

S 451 Fig. 99 AISIS o1, 27} 405 248510 =& dense point 52| WA S AFgsiar A7 ]uty] <] el #1715k
HES FE010] TP ol Alwstolrt. &7 xh] sk Helat #1(308/73) 7 Al #4(288/67) 2] w2K(Fig. 5 5ol <Jsh
A= AR 2540 Rk 2ol A7 k] 7 s do] A= AR wab o] A7gA 620 0loA] AR C] ZgAL 7005 e W T =
Zo| AER= kS 71 0 2 At $HH 4%t dense point(DP) A4S0 #7]oh] o] YJx[slal 21O, dense point 1A}
A10] gt 1o d 231/44°F e o] ZHAPRO] ©-B% SW 0 2 Fetl= arEo] @498 7Fs-do] AEs] A LERdTh

TUNNEL & UNDERGROUND SPACE Vol. 29, No. 5, 2019



340 * Taechin Cho

| 4 Cross line of joint set planes

Set#1 308/73
Set #2 133/83
Set #3 300/48
Set #4 288/67
Set#5 291/84
Set #6 128/30

O upper wedge roof £

© Wedge DP Mean = 231/44
| ¢)» Max Dip DP Cross = 305/70

Total Number of Joints = 406

Fig. 9. Formation of wedge block
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Fig. 12. Potential cross sections of plane sliding block
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Fig. 15. Variation of safety factor with respect to the change of seismic load. (a) dip of block roof = 30°. (b) dip of block roof =45°.
(c) dip of block roof = 60°
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