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Analysis on the Deformation Characteristics of a Pillar between
Large Caverns by Barton-Bandis Rock Joint Model

Chu-Won Kang”, Han-Uk Lim” and Chee-Hwan Kim®

Abstract. Up to now single large cavern was excavated for each underground hydraulic powerhouse in Korea.
But the Yangyang underground hydraulic powerhouse consists of two large caverns; a powerhouse cavern and
main transformer cavern. In this case, the structural stability of the caverns, especially the rock pillar formed
between two large caverns, should be guaranteed to be sound to make the caverns permanently sustainable. In
this research, the Distinct Element Method(DEM) was used to analyze the structural stability of two caverns and
the rock pillar. The Barton-Bandis joint model was used as a constitutive model. The most significant parameters
such as in-situ stress, JRC of in-situ natural joints, and spatial distribution characteristics of discontinuities were
acquired through field investigation. In addition, two different cases; 1) with no support system and 2) with a
support system, were analyzed to optimize a support system and to investigate reinforcing effects of a support
system. The results of analysis; horizontal displacement and joint shear displacement proved to be reduced with
the support system. The relaxed zone in the rock pillar also proved to be reduced in conjunction with the support
system. Having a support system in place provided the fact that the non zero minimum principal stresses were
still acting in the rock pillar so that the pillar was not under uniaxial compressive condition but under triaxial
compressive condition. The structural stability of an approximately 36 m wide rock pillar between two large
caverns was assured with the appropriate support system.

Keywords: Barton-Bandis joint constitutive model, Joint Roughness Coefficient(JRC), Joint Wall Compressive
Strength(JCS), Rock Pillar, Distinct Element Method(DEM)
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Fig. 1. Histogram of dip direction of all joints collected along
the access tunnel.
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Fig. 2. Estimation of mean and standard deviation of dip
direction in joints set 1 by normal fitting.
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Fig. 3. Estimation of mean and standard deviation of dip
direction in joints set 2 by normal fitting.
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= 1< 4m, =95 291 3% 5 Testitem  Unit OO giop i Mean
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Unit weight MN/m’ 45 0.0262 0.0262 0.0262
23 ZHHE MO o3 ot LY x7|28 &X Porosity % 45 0496 0488 0.491
]3}_ O]-I:I]- ?_}«%9’] ’:5_]7‘1] m A]I’—oﬂ 0101 %Zloﬂ fq' ‘Water content % 45 0.187 0.227 0.208
2 g2 By, = 23 288 137 98 54 f;?sgftywa"e km/sec 45 475 469 AT
Ao M= 7R = o fe) KR
AHe AsiME TP o9 AR AR ZSHA g pardness 45 69~88 69~92 69~90
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Aol o] F5o ME ¥ 2 JH S AE strength
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of Zg Ue 27]8He A7]9h o ZE o]  MOAUs
z08 947} 5]‘:} Poisson's ratio 45 0.253 0264 0258
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Table 1. In-situ stresses acting on tunnel wall of shorter axis direction (N3°E) of powerhouse.
M i int
casuning poin Site T Site I Note
Stress
magnitude(MPa) magnitude(MPa) magnitude(MPa) magnitude(MPa)
[e -10.014 -14.050 *direction from east to west
o, 9382 13172 *S87°E
Normal o, -17.232 -19.904 *direction from south to north
stress o, -17.864 -20.782 *N3°E
gz -17.286 17286 -17.301 17301 *vertical direction
Ty -2.799 -3.598
Ty -1.696 -2.652
Shear T, -4.943 -4.858
stress 7. -5.455 -5.226
T, -4.026 -2.982
T -3.299 2277
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Fig. 11. Rock bolt axial force.
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