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Proposal of stability standards for slopes reclaimed by

soils mixed with stone dust
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In this paper, the stability standards of slopes reclaimed by soils mixed with stone dust were proposed to man-
age the stone dust as recovery soils. First of all, the mixed ratio between stone dust and natural soil is classified
into 5 groups, and a series of soil test was performed in each group. As the results of tests, the shear strength and
the maximum dry unit weight were increased in decrease of the mixed ratio of stone dust. On the basis of the
investigation to the safety factor standards of embankment slopes in and outside the country, a slope stability rank
of slopes reclaimed by mixed soils were divided into 3 stages such as unstable stage, attention stage and stable
stage. The slope angle, the slope height and the mixed ratio with stone dust were proposed by the result of stability
analysis of slopes reclaimed by mixed soils. As the result of slope stability analysis, the slope angle of 1: 1.8 at the
reclaimed slope should be constructed in case of the slope height of 10 m. Also, the slope angle of 1: 1.8 and the
mixed ratio of stone dust less than 50% should be constructed in case of the slope height of 15 m. The analysis
result of reclaimed slope constructed inside the quarry is similar to that of reclaimed slope constructed on the open
ground in same conditions of the slope angle, the slope height and the mixed ratio with stone dust. The proposed
stability standards of slopes reclaimed by soils mixed with stone dust can be used practically at the quarrying site.
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Fig. 1. Reclaimed slope constructed after quarrying work.

Table 1. Sampling location of study area.

Fig. 2. Stone dust sampled for laboratory test.

Location Company

Address

Kyonggi-do S
Chungcheongnam_do A

Doha-ri, Eunhyeon-myeon, Yangju
Pyeonggi-ri, Janggi-myeon, Gongju
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Fig. 3. Natural soil sampled for Jaboratory test.
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Table 2. Engineering properties of stone dust and natural soil (Kim & Song, 2007).

. Moisture Consistency (%) Grain size distribution (%)
Material & location Speciic content  liquid plastic  plasticity Geology
gravity %) limit limit index gravel sand silt & clay USCS
Yangiu 540 304 3261 1830 1431 . 6153 3847 sc Dot
Stone S Co. granite
d - -
ust  Gomgju 59 963 3073 1850 12.23 - 8682 1318  sc Oranitic
A Co. gneiss
Yangju . Biotite
Notwral | S Co 264 6.18 Non plastic 266 9405 329 SW tonite
s , e
soil - Gongju 508 917 3272 1989 1283 3821 5847  3.32 gp  Oranitic
A Co. gneiss
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Table 3. Mixed ratio between stone dust and natural soil.
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Fig. 4. Shear strength according to mixed ratio of stone dust.
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Contents Stone dust (%) Natural soil (%)
A 100 0
B 75 25
C 50 50
D 25 75
E 0 100
Table 4. Strength parameters according to mixed ratio with stone dust (Kim & Song, 2007).
Mixed ratio Yangju, S Co. Gongju, A Co.
(Stone dust : Natural soil) ¢ (Um?) ¢ ¢ (Ym®) é
A (100:0) 0.52 30.2 0.45 293
B (75:25) 0.51 30.8 0.51 30.6
C (50:50) 0.48 32.1 048 315
D (25:75) 0.44 334 0.40 342
E (0:100) - - - -

Table 5. Maximum dry unit weight according to mixed ratios with stone dust.

Mixed rati . -
(Stone d\:)s(t:Natlll(r)al soil) Yangju, § Co. (Vm’) Gongju, A Co. (Vm’)

A (100:0) - -

B (75:25) 1.71 1.68

C (50:50) 1.81 1.78

D (25:75) 1.88 191

E (0: 100)
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Fig. 5. Maximum dry unit weight according to mixed ratio
of stone dust.
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Table 6. Minimum safety factor of embankment slope (Japan).
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Organization Min. safety factor

Remarks

Fs=1.0~1.2 temporary and under construction structure
Fs=1.3 common structure
Japanese geotechnical society Fs=215 important structure
Fs=1.25 after starting the loading of common use
Fs=1.1 general stability during construction period
Training course of road Fs=1.2~13 guideline of road earthwork
construction
Ministry of construction Fs=1.1~1.3 standard planning safety factor

Table 7. Minimum safety factor of embankment slope (Korea).

Organization Min. safety factor

Remarks

Korea expressway

>
construction(1996) Fs=13

summary of road design

Ministry of construction and

>
transportation(1997) Fs=13

design standards of structure foundation
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Table 8. Proposal of required safety factor and slope stability rank in reclaimed slopes.

Required safety factor

Slope stability rank

Fs<13
1.3<Fs<1.5
Fs=1.5 stable

unstable (reinforcement and decrease slope angle)
attention (need observation and monitoring)
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Table 9. Standards of slope angle according to materials and heights of embankment.

Materials Slope height Slope angle Soil classification
Well-grade sand 0~6 m 1:1.5
, GP, GM, GC, SM
Gravel and sand included in gravel 6~15m 1:18 GW, ac
Poor-graded sand 0~10 m 1:1.8 SP
0~6 m 1:15
Rock, gravel more than 6 m 1:1.8 SW, GP, GM
. 0~6 m 1:15
Sand, hard clayey soil, hard clay more than 6 m 118 SM, SC, CL
Soft clay 0~6 m 1:18 CH, OH, ML, MH
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Fig. 6. Modelling of the reclaimed slope constructed inside
the quarry.
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Fig. 7. Modelling of the reclaimed slope constructed on the
open ground.
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(a) mixed ratio with stone dust 50%, slope
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angle 1:1.8, slope height 15m

Fig. 8. Slope stability analysis of the reclaimed slope
constructed inside the quarry.

Table 10. Soil and rock properties applied in slope stability analysis.

Mixed ratio Yangju, S Co. Gongju, A Co.
(Stone dust : Natural soil) y, (Vm’) Y ) ¢ (Um)  p () y, (Ym) Y M) ¢ (UMD 4 ()
Mixed B (75:25) 1.71 1.81 0.51 30.8 1.68 1.78 0.51 30.6
soil C (50 : 50) 1.81 1.91 0.48 32.1 1.78 1.88 0.48 315
layer D (25:75) 1.88 1.98 0.44 334 191 2.01 0.40 342
Hard rock layer 2.65 2.75 15 40 2.65 2.75 15 40
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Fig. 9. Slope stability analysis of the reclaimed slope
constructed on the open ground.
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Table 11. Result of slope stability analysis (applied in ground condition of S Co.).

Mixed ratio Safety factor of slope stability

(Stone dust : Slope angle Slope height Reclaimed slope constructed Reclaimed slope constructed
Natural soil) inside the quarry on the open ground
B (75:25) 1.363/1.254 1.360/1.254

C (50:50) 1:1.5 1.384/1.279 1.379/1.279

D (25:75) 1.402/1.305 1.399/1.306

B (75:25) 1.603/1.446 1.593/1.446

C (50:50) 1:1.8 10 m/15 m 1.625/1.480 1.621/1.480

D (25:75) 1.651/1.514 1.650/1.514

B (75:295) 1.692/1.575 1.692/1.574

C (50:50) 1:2.0 1.723/1.614 1.723/1.614

D (25:75) 1.756/1.654 1.755/1.655
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Table 12. Result of slope stability analysis (applied in ground condition of A Co.).

Mixed ratio

Safety factor of slope stability

(Stone dust : Slope angle Slope height Reclaimed slope constructed Reclaimed slope constructed
Natural soil) inside the quarry on the open ground
B (75:25) 1:15 1.360/1.250 1358/1.249
C (50:50) 1:1.5 1.364/1.258 1.359/1.258
D (25:75) 1:1.5 1.407/1.317 1.403/1.316
B (75:25) 1:1.8 1.600/1.441 1.589/1.442
C (50:50) 1:1.8 10 m/15m 1.601/1.455 1.596/1.455
D (25:75) 1:18 1.661/1.530 1.662/1.531
B (75:25) 1:2.0 1.688/1.569 1.688/1.568
C (50:50) 1:2.0 1.696/1.686 1.696/1.586
D (25:75) 1:20 1.770/1.675 1.768/1.674
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