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INCREMENT OF MECHANICAL EXCAVATING PERFORMANCE
FOR DISCONTINUOUS ROCK MASS

T E M
By Tatsuro MURO

For a ripping and dozing operation on a discontinuous rock mass, the optimum ex-

cavating direction to increase a rippability or a dozability after ripping operation and a

productivity of excavation should be carefully determined, considering the strike and dip

of bedding plane. Here, several rock mass model tests and excavation tests in-situ at 3

different ripping and dozing operation sites have been executed, and then the excavating

performance has been theoretically considered by means of FEM analysis. As results,

the dozability after ripping operation increases with decreasing the modulus of deforma-

tion of rock mass, especially for a discontinuous rock mass of the modulus of deforma-

tion less than 200 MPa. The maximum rippability or dozability after ripping operation

and productivity of excavation could be obtained at the direction having minimum and

maximum modulus of deformation of rock mass, respectively.

Keywords . rock mass, strike, dip, excavation, productivity
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Photo] Example of fracture pattern of fissured rock mass

model.
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Table1 Coefficient of penetration K, maximum penetrating
force Fpax, work of penetration F[ and fractured

volume V, of fissured rock mass model for various

o, B values,

o [ K Fmax F2 Ve,
(rad) | (rad) (KN/cm) (KN) (KNem) (cm®)

0 44,9%33,1|32.9% 4,4 1151+13 242 49
* n/6 + w/2 64.2+28.0]50.2+15.1 18731 390+ 179
/3" 47,3%+11.8 | 44.8+12.1 1183246 | 430100

/2 45,1%12,1 | 26.2% 3.7 1104211 652 + 217

4] 69.3+18.1 |30.0% 2,0 14818 602 + 191
t n/6 /3 83.7+ 7.2(39.7% 2.6{167%14 | 437% 36
+n/3 71.5+13.8139.9% 7.3}186% 2| 428% 46

/2 63.8+29.01}136.0% 4.0{ 147 8 546 + 131

0 74.4%£12,1141.5+11,7 179130 638 £ 205
* /6 /6 66.8+10.5{59.7216.3{177+28 | 676211
+ 7/3 67.1+13,2(39.1% 9.31143%11 652 + 207
/2 40.6* 9.6 |24.8* 6.5] 94+ 5| 575%181

0 74.6+12,1 141.5+11.,7 | 179%30 638 + 205
* /6 - /6 80.8+15,7 131.2+ 8,4 103+ 8| 589161
+ /3 70.6+14,3 §35.5+ 9.8 | 15324 536 £ 174
/2 70.8+12,7 |47.5+10.3 162+ 28 | 1034 + 320

0 69,3+18,1{30.0 2.0 | 14818 602 £ 191
+ /6 - /3 52.7+10,3{22.5% 1.6 76+ 6| 478% 48
+ /3 68.1% 0,6 |25.4% 2,0[107+11 | 430 44
n/2 67.6+16.2 {34.8%+ 1,0]135%14 834+ 80

+8
—_—t
Strike

Fig.1 Variation of modulus of deformation E, of rock mass

model with penetrating direction of model rippertip.
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Fig.2 Variation of efficiency of fracture V./FI of rock mass

model with penetrating direction of model rippertip.
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Fig.3 Relation between excavation work F[ and modulus of

1
o 100

deformation E, of rock mass model,
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Photo2 (c) Site C.
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Table2 Mechanical properties of rock sample and rock mass.

Site

A B 4

Name of rock

Sandstone Limestone Rhyolite

Apparent specific gravity
G

2.62 * 0,02 2.68 * 0,01 2.63 £ 0,05

Specific gravity Gg 2,75 £ 0,01 2.75 = 0.01 2,65 * 0,01
Natural v nEem [ 0.33 £ 0,06 | 0.0220.00 | 0.14 £ 0.01
Absorption W'(%) | 0.66 +0.10 | 0.10 £ 0.01 [ 0.25 * 0.04
Shore hardness Hs | 102.3 % 3.3 35.1 * 2,4 95.0 * 5.0
Longitudinal elastic wave
velocity of non-fissured 5133 + 88 2988 * 441 3678 + 171
rock sample vy (m/s)
Longitudinal elastic wave
velocity of rock mass 533 £ 74 907 * 20 2578 + 1073

Vy (m/s)

Coefficient of crack Cy

0.99 * 0.02 0.91 + 0.03 0.51 £ 0.03

Amount of Los Angeles

abrasion U (%) 30.9 34.0 14.1
Uniaxial compressive

strength Oe1 (MPa) 318.4 t 50.3 42,4 t 13,1 109.9 * 29.5
Static modulus E; (MPa) (5.37 £ 2.31) | (1.97 * 0.98) | (1.64 % 0,31
of elasticity ! x 104 x 10% x 10
Poisson's ratio vy | 0.22 £ 0,02 0.17 + 0,02 0.30 £ 0.03

Radial compressive
strength ot1 (MPa)

15.5 + 2.9 3.8 £ 1,0 7.8 1.6

Modulus of deformation of
rock mass Ed (MPa)

121.7 * 40.1 | 342.2 £ 291.8 1574 * 273

Uniaxial compressive

strength of rock mass 54.1 * 8.6 8.5 * 2,6 19.8 * 5.3
gy (MPa)
Tensile strength of rock
mass ots (MPa) 4,0 £ 0.6 0.6 t 0.1 1.5 £ 0.4
Strike rad N(0.94%0,09)E | N(1.34%0.32)E | N(1.51+0,18)E
(degree) | N(53.8% 5,1)E | N(76.8%18.6)E | N(86.6%10.5)E
Dip rad (1.52%0.05)S | (1.13%0.30)N | (1.39+0.15)N

(degree)

(87.3% 3.1)S (64.6*17.0)N | (79.7¢ 8.7)N
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Photo3 Ripping operation at site B,
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Photo4 Measuring a cross section area after one pass ripping
(parallel to strike).
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Fig.4 Variation of excavating resultant force P acting on a rippertip and amount of excavation V, after one pass

ripping with ripping direction.
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Fig.5 Variation of productivity Q and amount of excavation

Vo with ripping direction at site A {Operation area 49
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Fig.6 Variation of depth of excavation d after one pass rip-
ping and d,, after 10 ripping and several dozing with
ripping direction at site B,
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Fig.7 Variation of amount of excavation Vj, and productiv-
ity @ with ripping direction at site B (After 10 ripping

and several dozing on 49 m? operation area).
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Fig.8 Cross section of one pass ripping and final dozing

level after ripping operation,
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Fig.9 Variations of modulus of deformation E, and rippabil-
ity Vi/P with ripping direction after one pass of rip-
ping on site A,
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Fig.10 Variations of modulus of deformation E, and rippabil-
ity V./P with ripping direction after one pass ripping

on site B,
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Fig.11 Variation of dozability after ripping operation V},/P
measured for one pass ripping after dozing with rip-
ping direction at site A and B.
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RBEY, Vo By MEEDRE ) Y SR K=Yy s
U Ba & TR - T < 5.
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_ E v 1-=v 0
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dr d
Y 2 7ry
- 07 070y 0rTey\( dex
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.................................... ( 1 )
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Table3 Modulus of deformation E,, Poisson’s ratio y, compressive strength ¢, excavation depth d,, applied

angle @, resultant excavating force P, fracture zone d, and dozability after ripping operation Vi,/P.

Site Ed v Oc do 8 P (KN) d Vrp'/P
(MPa) (MPa) | (em) | (rad) | Calculated value | Measured value (cm) (m® /KNm)
Aa 129.4 1 0,37 54,1 60 0 212 241 + 178 110 5.19 x 1073
Ab 60.8 | 0.36 54,1 60 0 176 . 151 * 123 100 5.68 %1073
Ac 90.2] 0.40 54,1 60 0 195 151 + 116 105 5.38 x 1073
Ad 162.7 | 0.22 54,1 60 0 233 274 * 172 115 4,94 x 1073
B 1 386.7 | 0.31 8.5 60 0.419 586 474 % 357 140 1.67 x 1073
B 2 389.9% 0.31 8.5 60 0.419 594 521 % 265 140 1,65 x 103
B3 299.8{ 0.32 8.5 60 0.419 571 623 = 326 100 1,23x1073
B 4 190.8 | 0.32 8.5 60 0.419 414 429 * 343 70 1.18x1073
B S5 281.6| 0.27 8.5 60 0.419 526 539 + 222 80 1.07x1073
B 6 313.4 | 0.27 8.5 60 0.419 496 539 + 332 100 1.41x1073
B 7 374.7| 0.16 8.5 60 0.419 549 584 * 314 130 1.66 x 10~3
B 8 356.9| 0.16 8.5 60 0.419 496 443 % 160 110 1.55% 1073
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Fig.12 Relation between resultant excavation force P and
moving distance L calculated from FEM analysis for
site A and B.
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Fig.13 Failure zone calculated from FEM analysis
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