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Study on the Relationship of JRC Affecting the Safety Factor of Rock Slope

IS Park, Choon-Sik
3 3 2 Jeong, Chang-Keun
Abstract

When drilling investigations for Rock Slopes are not possible, it is often difficult to calculate the Ground Design
Constants required for the Limit Equilibrium Analysis. Therefore, the outcrops or partially cutted Rock Slopes were
analysed using JRC and JCS that can be easily and conveniently measured. In particular, the effect of the JRC on the
Safety Factor or the Rock Slopes was analyzed intensively, and the results were presented as a relationship formula
and Table. When the Rock slope was stable, the JRC increased by an average of 9.0% as the slope height increased,
and increased by an average of 29.8% as the slope angle increased. JRC was more sensitive to slope angle changes.
The Cohesion corresponding to JRC was calculated from JRC-Fs formula. JRC and Cohesion showed a nonlinear

relationship, and the Cohesion was about 8.0% more sensitive to slope height changes than slope angle changes.
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Table 1. Changes in Fs based on JRC (Rainy condition, Barton—Bandis Method)
Fs
JRC 1:03 1:05 1:07
10m 15m 20m 25m 10m 15m 20m 25m 10m 15m 20m 25m
5 0.58 0.56 0.55 0.54 0.87 0.84 0.82 0.81 1.18 115 1.12 1.1
6 0.65 0.62 0.61 0.59 0.96 0.93 0.91 0.89 1.31 1.27 1.23 1.21
7 0.72 0.69 0.67 0.66 1.08 1.03 1.00 0.97 1.46 1.40 1.35 1.32
8 0.82 0.77 0.75 0.73 120 114 110 1.07 1.62 154 1.49 1.45
9 0.92 0.87 0.83 0.81 1.35 1.27 1.22 1.18 1.82 1.71 1.64 1.59
10 1.06 0.98 0.93 0.90 1.53 1.42 1.36 1.31 2.04 1.90 1.81 1.75
1 1.22 1.12 1.05 1.01 1.74 1.60 1.51 1.45 2.31 213 1.99 1.91
12 142 1.28 1.20 114 2.01 1.82 1.70 1.62 2.63 2.39 2.25 2.14
13 1.42 1.46 1.38 1.29 2.28 2.09 193 1.82 3.04 272 2.52 2.39
13.2% 12.5% 11.8% 11.5% 11.3% 10.95 10.4% 10.1% 11.0% 10.4% 9.8% 9.0%
Fs
change rate Avg 12.3% Avg 10.7% Avg 10.1%
Avg 11.0%
Table 2. Changes of JRC by slope angle with relation (Fs=1.2)
. JRC
Slop(?Mr;@ght Slope angle Rate of changes with slope angle
1: 0.3 1: 0.5 1. 0.7 1:03 — 1:05 | 1:05 — 1.0.7 Avg
10 1.6 8.2 54 29.5% 33.8% 31.6%
15 12.1 8.4 5.8 31.1% 30.3% 30.7%
29.8%
20 125 9.2 6.1 26.3% 33.5% 29.9%
25 135 10.2 7.2 24.4% 29.6% 27.0%
10—15 47% 2.3% 7.7%
Rate of 1520 2.6% 9.8% 4.8%
changes with 20—25 8.2% 10.9% 17.4%
slop height 5.4% 10.3% 1.1%
Avg
9.0%
Table 3. Relation between JRC—Fs (JCS=3,000kN/m?)
Height Relationship formula
(m) 1:03 1:05 1:07
10 Fs=0.246x*+0.307x+2.064 Fs=0.278x*+0.587x+2.376 Fs=0.297x*+0.960x+2.253
15 Fs=0.292x*+0.837x+2.314 Fs=0.377x°+0.773x+3.467 Fs=0.404x*+1.239x+3.617
20 Fs=0.380x°+0.815x+3.547 Fs=0.416x*+1.486x+3.637 Fs=0.515x"+1.264x+5.465
25 Fs=0.412x+1.342.x+3.694 Fs=0.521x°+1.334x+5.523 Fs=0.554x°+2.066x+5.583

%Avg, R°=0.9966,

, x=JRC
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Fig. 2. Changes of cohesion based on JRC



Table 4. Changes of cohesion based on JRC (Fs)1.2)

Cohesion, ¢ (kPa, Blank = Fs)1.2)
JRC 1:03 1:05 107
10.0m 15.0m 20.0m 25.0m 10.0m 15.0m 20.0m 25.0m 10.0m 15.0m 20.0m 25.0m
5 10.4 145 18.3 219 129 18.0 27 27.1 15.2 21.1 26.6 31.8
6 132 18.2 23.0 2715 16.3 26 285 339 191 264 332 396
7 16.2 25 282 336 20.1 276 347 M3 235 323 405 482
8 19.8 272 34.0 40.4 24.4 334 47 495 284 389 485 576
9 24.0 327 406 480 29.4 399 496 58.7 341 46.6 576 68.0
10 289 39.0 482 56.8 35.2 474 58.6 69.0 407 54.9 67.7 79.7
11 35.0 46.6 57.1 66.9 422 56.2 69.0 80.8 485 64.7 794 93.0
12 425 55.8 67.8 788 50.8 66.7 81.2 94.6 58.0 76.3 926 108.2
13 495 67.3 80.7 93.2 612 79.6 95.8 107 69.7 90.3 108.9 126.0
Table 5. Changes of cohesion by slope angle with relation (Fs=1.2)
) ¢ (kPa)
SIope(Mr;e|ght Slope angle Rate of changes with slope angle
103 105 107 103 — 105 | 1:05 — 107 Avg
10 38.8 258 16.2 335% 37.3% 35.4%
15 55.9 36.4 24.6 29.6% 32.4% 31.0% 22.0%
20 728 525 325 27.9% 38.1% 33.0%
25 9.8 733 49.0 24.3% 33.2% 28.7%
10—15 33.2% 41.0% 52.1%
Rate of 15—20 40.9% 44.2% 32.0%
changes with 20—25 33.0% 39.7% 50.9%
slop height 36.9% 42.0% 4.4%
Avg
40.1%
Table 6. Relationship formula between JRC—c
Height Relationship formula
(m) 1:03 1:05 1:07
10 ¢=0.246x"+0.307x+2.064 ¢=0.278x*+0.587x+2.376 ¢=0.297x°+0.960x+2.253
15 0=0.292x°+0.837x+2.314 c=0.377x"+0.773x+3 467 €=0.404x*+1.239x+3.617
20 ¢=0.380x’+0.815x+3.547 c=0.416x*+1.486x+3.637 ¢=0.515x"+1.264x+5.465
25 c=0.412x(+1.342 x+3.694 c=0.521x*+1.334x+5.523 c=0.554x"+2.066x+5.583

%Avg, R°=0.9976, x=JRC
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Table 7. Relation table of JRC—Fs (From JRC—Fs relationship formula)

Fs
JRC | tom | 5m | 2om | 25m | tom | 5m | 2om [ 25m | tom [ 5m | 2om [ 2m
1:.0.3 1:0.5 1:.0.7
5 0.54 0.53 0.52 0.50 0.83 0.81 0.78 0.76 115 1.10 1.08 1.07
6 0.60 0.59 0.58 0.56 0.93 0.91 0.86 0.84 1.28 1.22 1.19 118
7 0.68 0.67 0.65 0.62 1.04 1.02 0.95 0.92 1.44 1.36 1.32 1.30
8 0.77 0.75 0.73 0.68 117 1.15 1.06 1.02 1.61 1.51 1.46 1.44
9 0.88 0.84 0.81 0.76 1.32 1.29 1.18 1.13 1.81 1.69 1.63 1.60
10 0.99 0.95 0.91 0.84 1.49 1.45 1.31 1.26 2.02 1.88 1.81 1.77
11 1.12 1.03 102 0.94 1.67 1.63 1.45 1.39 2.26 2.09 2.01 1.96
12 1.26 118 114 1.04 1.86 1.82 1.60 1.54 2.51 2.31 2.23 2.16
13 1.4 1.31 1.27 1.14 2.07 2.03 1.76 1.70 2.719 2.56 247 2.38
14 1.57 1.46 1.41 1.26 2.30 225 1.94 1.87 3.08 2.82 2.72 2.62
15 1.75 1.61 1.56 1.38 2.55 249 213 2.05 3.40 3.10 3.00 2.87
Table 8. Fs of dry condition / Rainy condition (Rainy condition Fs = 1.2)
Slope height Safety factor in dry condition (Dry /Rainy condition)
(H. M) 1.0.3 105 107
10 15280 (27.3%) 1.4625 (21.9%) 1.4189 (18.2%)
15 15220 (26.8%) 1.4591 (21.6%) 1.4180 (18.2%)
20 1.5180 (26.5%) 1.4574 (21.5%) 1.4168 (18.1%)
25 1.5141 (26.2%) 1.4554 (21.3%) 1.4156 (18.0%)
Avg Fs 26.7% 21.5% 18.1%
change rate
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Table 9. Comparative analysis with field data

Geotrchnical integers & Fs in filed data Comparison of relationship results
Fs Fs, +. —
R 2?;2 (kga) JRC JCS Mohr B-8 Modified App'yLJR”éOd'f'ed
method method JRC (modified/Existind mohr method)
1 10 1.0.3 33.0 17 3200 1.371 1.240 11.64 1.329 —3.06%
2 15 1:.0.3 431 11 2500 1.235 1.215 1142 1.221 —-1.13%
3 20 1.0.3 62.5 25 3000 1.251 1.228 1264 1.224 —2.16%
4 10 1.0.5 26.4 10 2500 1.41 1.485 9.58 1.416 +0.35%
5 10 1.0.5 375 2 2400 1.796 1.909 11.55 1.773 —1.28%
6 10 1:.0.5 30.2 17 2800 1.543 1.724 10.15 1.513 —1.94%
7 15 1:.0.5 453 17 2600 1.536 1.564 10.85 1.424 —7.29%
8 10 1.0.7 18.1 6 3000 1.418 1.307 6.77 1.382 —2.52%
9 15 1.0.7 24.1 2900 1.355 1.256 6.76 1.321 —2.51%
10 20 1.0.7 324 7 3000 1.340 1.350 6.92 1.309 —2.31%

% Geotechnical survey report cases

1) 2004, “Geotechnical survey for construction of National Road replacement in Donducheon City” (Sandpe—Cheongsan)
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