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Block recognition of mountain slope in delivery tunnel inlet side
for a hydropower station
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Abstract. The slope rocks of delivery tunnel inlet side of a hydropower station are middle-thin layered lime—
stone in which there are mainly three faults one dyke and four groups of superior joints. The characters seriously
effect the stability of this mountain slope. According to the distribution of structural surfaces the authors use block
body theory to search of the key block bodies in the slope. The non-spatial fracture cones in the slope were find out
by stereographic projection law. Combined them with free surface to get the whole movable block bodies the au—
thors calculated the JP number and the net sliding force under different movable forms to find out the key block
bodies. The result indicates that there are 4 key block bodies in the slope of delivery tunnel inlet side of this hydro—
power station with the JP numbers 00010111 00110111 10110111 and 10111011 which proves the base for
further examination of the slope stability.
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D n, (A X b n 3 =B* C/sqit( A* A +B* B);
B Y . C 7 ) s bn 4 =-(A* A+B* B) /sqrt( A* A +B*
- B);
r o ,B °
. bn 5 =sqit(A* A+B* B) —fabs(C) * tan(a
i 2 * API);
P I(a)  M(a) ool a) 1 )
n+ +;}

for(i=0; i<j-1; i+ +)

K { m=i+l;
JP o U =y l(a) =0; for(m; m<j-1; m+ +)
v, =-n, l(a) =1.1 . {A=sin(ai O * API)* sin(a i 1 * API);
i : B=sin(ai 0 * API)* cos(a i 1 * API);
5 = sign( 7+ R) 7 Cocos(ai 0+ APD;
~ " ~ b 0 =+1,
v, = sign(s*mn;) *n (L #1) (3) b : | _;4_1'
i J Y
~ / A ~ ~ D=Sin(a m 0 * API)* sin(a m 1 *
v, = — sigh( sj'nl-) °n,
~ " ~ ~ API);
;= = sigh(s; e m) - E=sin(a m O * API)* cos(a m 1 *
v, = sigh(s; *n) = n, (L7#i7#]) (4) API) ;
F >0 F=cos(a m 0 * API);
; F <0 Q=D* B-A* E;
T if( Q >0) [=1;
i : else if( Q= =0) 1=0;
F=ln x7l-ln +*rl tang, (5) else I= —1;
N H =sqrt( pow( (B* F -E* C) 2) +pow((D* C
1 - A A ~ A -A* F) 2) +pow( (A* E-D* B) 2));
F: = ~ > Ir-(nan)l'I nixnj|— b 2 — B*F—E*C*I/H
I'n, xn;l n ( ) ;
— ~ ~ ~ = * — A* * .
I (rxn) *(n; xn) | tang, — bn 3 =(D* C-A*F)* I/H,
oA ~ A bn 4 =(A* E-D* B)* I/H;
H(roxn) = (ng xom) | tang, (6) bn 5 =(fabs(Q)* H—fabs(E* B* F-E* E
o o * C-D* D* C+A* D* F)* tan(a i 2 * API) -

fabs( B* B* F —B* E* C-C* A* D+ A* A* F) *
tan(a m 2 * API)) /(H* H);n+ +;}

C fai 0 @ aj 1
: B aj 2 ¢;bn 0 .bn 1
Costant API =3. 1415926/180 bn 2 .bn 3 .bn 4
for(i=0 n=0; i<j-1; i+ +) bn 5 °
{ A=sin(ai O * APD)* sin(a i 1 * API);
B=sin(ai 0 * API)* cos(a i 1 * API); 2
C=cos(a i 0 * API); 2.1
bn 0 =i+l 484 m
bn 1 =i+1; o

bn 2 =A* C/sqrt( A* A+B* B); N20°W ~ N20°E
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N 484 m. 2.2
90 ~110 m. 484 ~494 m (1)
1:0.5 494 m
1:0.75 ~1:0.90
6.0~7.5 m. JpP B
(Z,w) (2)
#1.#2 535 ~520m 526 ~510 JP#¢d JPNEP =6
m . 13
(&) 484 m 3
N80° ~ 85°F NW 3 I»
Table 3 JP numbers of movable blocks
35°~36° F, 484 m
10000000 00000010 10000010 11000010 10100011
#1 9 m 1.5
00000001 10100010 00000011 10000011 10110010
mo I, 484 m F,
00000111 00010111 00110111 10010111 10110111
1.0 m, 4 @D
10000111 10100111 10110011 10111011 11110011
N80° ~ 85°E NW 35° ~36°
11110010
) N15° ~50°E
SE 46° ~86°; (3 N26° ~53° 2.3
W SW 81° ~87° 50 ~ 200 )
(1) JP
em; @ N70°E ~ EW SE ~S 66°
~86°, b. e, d 1 ~5 mm . L
r=Wr r=(0 0 -1)(
10 mm P
. 1. 1 ) -
) 4,
’ i ¢ i 4 F=(00 -1)
1 JP 11111111+ 01111111+ OO111111+
. . 01011101~ 00110111+ 11111010+ 11111101+
Table 1 Statistics of structural surface in inlet side
11111110+ 10111111~ 10110111 01111000+
o - 01111101 01111100~  00011101. 10111011+
F, P, 275 85
P, P, 340 65 00111101+ 00010111 00011111+ 01011100+
Fy P, 280 63 00010101+ 11111000~ 11111011+ 11111100,
0° [ P, 197 20 (2)
57° 1, P 350 35 ]
Jy Pg 125 66
Is P, 230 84 21 JP
1, P, 160 76 3. (
F>0 )
2 ¢ 21
Table 2 ¢ value of all structural surfaces 4 3,
JP

26. 6 14 24.2 21.8
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Table 4 JP number and r s, §,.j of vector and corresponding movement pattern under different directions

i

X Y Z JP /F X Y Z JP /F
v 0 0 -1 11111111 W 26 0.65849 0.51295 -0.5507 10111011 0.006 1W
5 -0.086 82 0.00760 -0.99619 01111111 0.974 46W §27 -0.37241 0.30023 -0.878 16 00111101 0. 664 56W
§2 -0.144 54 0.397 13 -0.906 31 00111111 0. 800 94W §28 -0.939 69 -0.342 02 0 00001100  —0.960 43W
55 -0.44709 0.078 83 -0.891 01 01011101 0.777 81W &5, -0.33171 -0.879 44 -0.34140 01001000 -0.129 56W
5, -0.27474 -0.898 63 -0.34202 01101000 -0. 128 54W §35 -0.1549 0.804 41 -0.573 53 00010111 0.245 62W
§5 -0.14224 0.80671 -0.573 58 00110111 0.245 94W §36 -0.36106 -0.83615 -0.4129 01011000 -0.210 03W
56 0.33318 -0.23329 -0.91355 11111010 0.750 86W &, -0.38935 0.32297 -0.86261 00011111 0.592 37W
5 -0.080 07 -0.06719 -0.99452 11111101 0.952 71W §38 -0.476 84 -0.383 42 -0.790 96 01011100 0. 469 5OW

0.082 74 -0.22733 -0.97030 11111110 0.873 53W -0.993 74 -0.014 53 -0.110 81 00000101  —0.400 83W

Sas

.’9\12 -0.04132 0.43202 -0.90091 10111111 0.757 10W §46 -0.409 31 -0.84729 -0.33847 01001100 -0.167 91W
S 0.06773  0.97703 -0.20206 10010111 -0.998 33W . §,, 0.61343 -0.763 85 -0.20059 11101010 -0.447 54W
§]4 -0.11140 -0.93481 -0.33723 11101000 -0.152 14W §48 -0.893 47 -0.386 08 -0.229 46 01001101  -0.429 50W
§]5 0.02244 0.82431 -0.56569 - 10110111 ~0.205 32W §56 0.659 44 0.65397 -0.37077 10110011  -0.138 56W
S -0.12301 -0.71216 -0.691 15 01111000 0.029 06W &, -0.594 67 0.626 26 -0.504 15 00010101 0.042 58W
;17 -0.091 96 -0.05299 -0.99435 01111101 0.953 45W ;58 0.943 16 0.31591 -0.103 16 11110010  —-0.549 67W
§]8 -0.108 98 -0.291 80 -0.95025 01111100 0.767 45W §67 0.20916 -0.3955 -0.89433 11111000 0. 641 O5W
;23 -0.39994 0.28647 -0.87062 00011101 0.733 65W gsx 0.43136 -0.081 40 -0.898 50 11111011 0.522 87W
S -0.94920 -0.25185 -0.188 67 00001101 —-0.332 22W §73 0.06349 -0.23429 -0.97009 11111100 0. 867 85W
§25 0.89380 0.41256 -0.17581 11110011 -0.781 92W
5
Table 5 Combination of key blocks 3
JpP
235 00010111 P5. P3. P1. P4, P7. 4 JP
5 00110111 P5. P3. P1, 0oo10111 ( P5. P3. P1. P4. P7. )~
Sis 10110111 Pl. P5. P6. P4. P3, 00110111 ( P5. P3. PI. ) . 10110111
S26 10111011 P2, P6. Ps5. ( PI. P5. P6. P4. P3. ) . 10111011
(P2, P6. P5. ) o
Fov Foo &5 I8 1y N SN PRI P °
: Fe T, ;
Ji ; kv ;
Fps 1, o 4 1
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