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EVALUATION OF STABILITY OF EXCAVATED JOINTED ROCK MASS
BY BLOCK THEORY

REH = RHE - EIIE R
By Yuzo OHNISHI, Keiichi NAGANO and Tomio FUJIKAWA

A number of analytical tools are available for engineering calculations involving

excavations, These include numerical methods, physical model techniques and limit

equilibrium analysis. Block theory is new and it uses the stereographic projection. It

can be applied to analyze the three dimensional system of joints and other rock

discontinuities to find the critical blocks of the rock mass when excavated along defined

surfaces. This paper describes the way to find key blocks in the systems of joint

networks and to support them by bolting or other suppoting methods. For a severly

jointed rock mass, an idea of a key block existing space which contains all key blocks in

the excavated rock surface is proposed and it is used for determining the optimum

support forces which stabilize such jointed rock mass.
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Fig.4 Isolated Blocks at Excavated Rock Surface.
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Fig.5 Equilibrium Regions for JP 1101.
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Fig.7 Calculation of Support Force in Given Direction.
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Table2 Calculation of Required Support by Using
Equilibrium Regions.
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Fig.8 Projection of Summation of Vectors.
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Fig.10 Directed Graph and Detection of Maximum United
Key Block (MUKB).
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Fig.13 Appearance of Key Block in
Fig. 12 Joint Map at Rock Surface.
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Table 3 Planes of Joints and Opening Walls.
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Fig.15 Underground Opening Model.

OEROPIAFHEEMOBEROES h O—REHKE
RLTVA.

HOmb Ve, Vo Vs OEHFRICHO S EG R
HEHOHAE B UHTRETHREENER A, A,
As & U, 0A=1, OA=1L, 0A=1L EFhid,

h=hoxmin (L/| V.|, L/| V.|, k7| V5] (6)
ChICEVFEEZEROBIBE NS, I T h 133
KEZ X —T Oy I DESTHD.

Fig. 150 &5 s FEROHBEO X~ 7y 7 HH
ZRIZOWVWTEX L. BROFERTOEM, ER/Z S
CICEEEE A % Table 3128 Y. SROKRENEIFS=1.5
EREETHELT, ¢ 2BELN Fig.1613, h
HAMEBHEIC LAY 3{ VY MNET I FORT VLR
ERTHY, ML Ty 73, MEHEE & KGR
Wii=1,,8) &X# Ex, Eu Z28UHEEICHDbN,
Bz TR 7Oy 7 EST A HEM I a0, K&
kR % Table 4 IT7R9.

FEETH 5 L O KBEICHET 5 70 v 713, Table4
o JP 110, JPoO11, JP 101, JP 100, JP 010 O 5 ¥
THY BB I AL T Oy 7 3 FEEERKIC LY,
FTRCF-TU v 7 THEIEBDOLE. CNHDF—
7y 7 & ERNOERFRICER /2 A S EHBR
F5&, Fig.17 BESN 5.

Eq, Ea LVWHYEBUAKBEL2ECHBIC RO D
F—7av LN, THREBNICO» S, Zhid,

KE - BB -

WEIE 7 2 v FURBIE AR T 2 K % & 125 W )
DRI EH LD &, EHIEA 2 >dhE, TEEEHE
20THL Ty IHEREND ZEDOHEDRTHS.
EsWd We, W KB DNBF—T vy 7DV 34K
53w F(JP110, JP101) &, A dbeizya
Avb¥EZ 3y F (JP210) ¥RbNIB. ¥—Tuy
VHEEMEEZBE/CE W, W,oEsOX—7
Oy 7HEEEBMEMAEDERZLOELD. Eallid
W, W iCBlbhBFX—Tuv 70V 34{ v ET 3y
F (JP110, JP101) DAhice< HEB 2 Rics 5 JP
M A¥—7uy 7 ELTHET S, £, 20HEAET
HmELTDJP121, JP126BFoNnd. ZDLkDHK
F-Tuv s b W, W,OX—7 0y 7 EHEEREZM

Table 4 Key Blocks at Opening Walls.

Position Keyblock(JP
W1 011
w2 W7 101
Wall
w3 100
W4 w8 010
Roof W5 We 110
E12 E23 E34 El4
E15 E25 E35 E45
None
E17 E18 E37 E38
Edge |E16 E36 E57 E58
110 101 111
E67 121 112
E68 110 010 210
C125 C235 C345
€145 C157 C158
Corner| ca57 358 C167 None
€367

Fig.16 Stereographic Projection of Joint Pyramid
(Lower Hemisphere).
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Fig.17 Orthographic Projection of Key Blocks.

AEDhELEBDIEETNTVAS.

BHOX— 70y 7 FEERLFIHOFETHEL,
FOEED “BE” 2avI—-RITLVRL, 2REH
bidd&, Fig 18038 s h, 2AROETFIDLLE. &
KIZEBARD» AR TH Y, EEBOBRKIZ0.6m
THY, WHMEAERY BEEUIE, Om OEERE T
5.

Mz 7y 73 AREEAO S MOR 2 5F17 2 iR
W (72&Ez1E, W& W) ICBOTEWICEWRRE 70y
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Table5 Support Forces for Joint Pyramid,

Jp 011 101 100 010 110

) X | 0.985| 0.174| 0.985| -0.174| 0.0
Given

Support Y | -0.174| -0.985| 0.174| 0,985 0.0
Vector

8 z | o.0 0.0 0.0 0.0 1.0

Altered X | -0.365| 0.021| 0.485| -0.022| 0.0

Resultant
on Boundary Y | -0.064 | -0.117 0.086 0.127 0.0

a 7z | -0.929 | -0.993]| -0.870| -0.992] 1.0
g Tome e | 2118 6.8 | 29.5 7.4 | 180
Support
Magnitude s 0.399 | 0.120| 0.698| 0.130 1.5
( xweight)
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Fig.18 Key Block Existence Space Contour Map.

Table6 Key Block Existence Spaces and Their Support

Forces.

Lxcavation W) W2 Wy Wy Ws
Support 0.399 | 0.120 | 0.698| 0.130 1.500
Magnitude
Max Height (m) 3.202 | 7.352 | 3.060] 7.352 2.034
Volume (m®) 496.1 | 512.2 | 494.2| s512.2 294.2
Total
Force (tf) 504.8 | 156.7 | 879.6{ 169.8| 1125.3
Mean 1.097 | 0.871| 1.912| 0.923| 3.751
Pressure

(tf/m?)
Pl - DY ~ ;
RETS. CCOHEO MUKB 28845V a4 v b

73y FIHUL T, FEEERE BT A8, B
ERE R s NEN ko o b (Tablebs). K#
EIHETSF 70y 7 JP110 R LTEHERE
TI5LHLBEE-F 0" 2bo0e, X (1) O
& nELRIIFER TCE LY., TR, BYIEICER
BXRNE, Ty IOBED LS FICEDL I ENRE
RIS #REFETHETHHELTEHEL.
ZOEIBRNTREICLBENZ, BOBMMKEE
By=25+ LTCEMNLILDMWTables TH s, 1212
U, T Wi, 10mX30m QEELTHRH 6D ET 5.

6. # ]

faEn SVRER I b X —T a0y 7 O
%, BLU, TROBEE, EBOERIIHLTITHIFE
BERUEBR2T-7. ¥—7av 2k, Yafv
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