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Abstract Slopes made of soil often collapse due to erosion and scouring due to continuous rainfall during
the rainy season. The possibility of applying slope stabilization material based on alkali activated slag
(AAS) in a surface improvement method was studied. AAS-based slope stabilization material is made by
mixing and pulverizing a liquid alkali compound with blast furnace slag powder or an alkali compound
with high deliquescent properties and slag using industrial by-products and additives. The optimal
mixing ratio was calculated from the results of uniaxial compression experiments for different water
contents of each sample using AAS-based slope stabilization material in 18 sites that had collapsed due
to local heavy rains. When soil was classified by the Casagrande method, it was considered difficult to
accurately classify fine soil, so the Fall Cone Test was used to suggest clearer optimal mixing ratio for
each soil. As a result, it was found that the appropriate mixing ratio was 9% for sandy soils such as SC
and SM, 9% for ML, 9% for CL, and 12% for MH and CH to represent 1,300-2,800kPa. In addition, as
a result of an artificial rainfall test, scour did not occur except for minute local loss compared to the

original soil, showing an excellent protection effect.
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Fig. 3. Sample Curing(Left) and test apparatus

Table 1. Physical properties of the grounds

2.3 SAA HMIZ
H o) ARESE LAHE AlZ = 1872 & Mudstone,
SoFA, OB, ZIRMB, &3, HF, USA, USB, 1A,
1B, 7HA, THB, JMJ T4, LA, Z<tA, FRIC,
BF A9 A B3 @F ARE AHFote] A8
o, A9 EE)3 E44S metely] 8 K+l
o|Asle] HIFAFKS F 2308), A7ME AHEKS F
2309), TSHAAIE(KS F 2312), HISAAD(KS F 2302),
8- 44 A AIF(KS F 2303, BS 1377)2 A8
Table 12 A% 23} 3 A 2% AES At 2
ﬂ% gt Aol ol £ A9 U8 &9 FTH
50 Bt AR A% AEASEAIE Aot H-ay
‘6&741 A Aghe ol EAY] 384 R0 bE 2
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_L

Mechanical Damayang Damyang Jinan . . Naju Naju Goryung
analysis Mudstone A B B Chungju Jeonju A B A
D10(mm) - 0.009 0.0013 0.001 0.0030 0.0025 0.0015 | 0.0015 0.0045
D30(mm) - 0.05 0.0500 0.0090 0.0390 0.0550 0.029 0.008 0.007
DG60(mm) - 0.09 0.0680 0.0700 0.2000 0.1000 0.09 0.05 0.009

Passed #200 67.2 57.7 73.3 61.0 53.5 54.9 58 625 97
sieve(%)

Passe #4
S 94.7 85.6 99.6 89.4 84.2 99.1 99.6 99.9 99.4
sieve(%)
Specific 2.64 2.65 2.65 27 2.89 2.70 265 | 265 251
gravity

Optimum
moisture 15.3 15.9 20.1 - 18.3 17.1 14.6 17.5 25.6

content(%)

Mechanical Goryung Gurye Gurye Gwang . Jinan Jinan
analysis B A B vang Goksung Imsil A c Gyeong
D10(mm) 0.0095 0.01 0.001 0.02 - - 0.0054 0.0026 0.02
D30(mm) 0.11 0.17 0.15 0.068 - - 0.0500 0.0800 0.4
D60(mm) 0.035 0.85 0.75 2.5 - - 2.9 0.2200 1.75

Passed #200 91.2 17.9 19.8 34.6 33.7 296 33.7 27.9 14.8
sieve(%)

Passe #4

. 99.1 96.8 94.3 68.3 96.8 99.8 77.8 98.3 89.1
sieve(%)
Specific 2.69 2.62 2.65 274 2.68 2.66 2.68
gravity

Optimum
moisture 26.8 11 11 16.2 13 16.3 19.5 15.9 11.6

content(%)
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Table 2. Uniaxial Compressive Strength for each site

Slope Stabilizer

Water Content(%)

Site > 10 [ 15 20 [ 25 [ 30
material content(%) -
Uniaxial Compressive Strength for each sample(kPa)
6 765.63 1557.11 2259.75 2247.6 1412.02
Mudstone 9 1308.02 2259.41 3015.14 3015.14 3508.9
12 1277.8 3178.69 3861.99 4897.22 2112.06
6 - 587.1 615.01 692.94 -
Damyang A 9 - 765.44 1187.98 1479.55 1049.99
12 - 853 1417.85 2017.914 1873.64
6 679.53 1580.17 1523.94 2187.39 1950.75
Damyang B 9 900.77 2174.69 2398.83 3536.37 4082.13
12 883.01 2456.65 3022.13 3785.87 4965.25
6 405.65 683.49 965.67 1024.32 625.53
Jinan B 9 441.63 668.02 1095.39 1212.98 1400.58
12 637.87 1203.82 1215.28 2052.61 2258.47
6 755.17 802.7 866.4 971.7 445.9
Chungju 9 1093.12 1396.36 1124.53 1528.22 920.41
12 978.38 1618.1 1199.9 1690.23 1648.02
6 1450.43 1808.954 2163.318 1969.506 -
Jeonju 9 1488.098 2451.76 3539.095 3707.426 -
12 - 2852.167 4032.627 4923.714 -
6 211.782 505.044 768.175 797.232 671.879
Naju A 9 - 656.405 1113.809 1352 1337
12 - 830.064 1361.942 1834.919 2192.755
6 - - 337.227 623.832 322.017
Naju B 9 - - 635.712 918.73 707.665
12 - - 1077.961 1240.513 1536.395
6 - 220.098 303.605 312.395 317.388
Goryung A 9 - 429.387 654.13 681.918 676.147
12 - 707.029 1012.439 1106.373 1230.349
6 - 302.052 491.439 608.365 601.0256
Goryung B 9 - 504.416 863.044 1070.392 1047.492
12 - 917.399 1379.477 1564.937 1415.105
6 809.189 1698.689 2192.75 1814.927 -
Gurye A 9 1075.593 1834.059 2596.343 2854.824 -
12 - 2491.477 2880.978 3373.206 2375.619
6 851.95 1580.58 2306 2298.82 -
Gurye B 9 - 1891.04 3101.88 3720.79 -
12 - 2851.74 3796.18 5367.25 -
6 518.553 948.121 1300.858 1335.196 -
Gwangyang 9 818.67 1195.289 1912.541 2689.579 -
12 768.54 1731.801 2557.995 3809.846 4114.791
6 233.55 819.33 1406.667 1588.453 -
Goksung 9 300.017 986.7 2183.376 3407.922 -
12 446.774 1305.98 2693.251 3648.055 2959.517
6 - 913.032 1047.192 1067.709 -
Imsil 9 - 1408.428 1877.617 2374.222 -
12 - 1887.132 2380.275 2965.795 -
6 - 530.76 794.87 874.7 1055.23
Jinan A 9 - 803.31 1377.27 1809.78 2208.56
12 - - 1848.62 2415.87 3367.82
6 731.1151 1449.873 1657.599 1704.986 1523.297
Jinan C 9 800.264 1800.872 2409.022 2664.157 3088.973
12 1070.587 2298.481 2820.334 3728.136 4417.794
6 707.873 1069.689 1356.536 1516.704 -
Gyeongju 9 997.3895 1417.877 2132.451 3374.967 -
12 975.1067 1842.799 2615.3602 4210.069 3757.172
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Table 3. Soil Harness Tester Penetration — Plants State (KOREA MOLIT, 2010)

c v Soil Hardness

Ompressive Tester Penetration Plant growth status by soil hardness
Strength(kPa)

(mm)

0 ~ 460 ~ 18 Good plant growth, risk of slope collapse
460 ~ 1300 18 ~ 23 Most suitable for root growth
1300 ~ 2800 23 ~ 27 Plant growth is good, growth activity is not very good
2800 ~ 5200 27 ~ 30 A condition in which it is difficult for the root system of a plant to invade
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Table 4. Uniaxial Compressive Graph
(Slope Stabilizer content-Water Content) 1
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Table 5. Uniaxial Compressive Graph
(Slope Stabilizer content-Water Content) 2
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Table 6. U.S.C.S by Casagrande method

Mechanical Damyang Damyang Jinan . . Naju Naju Goryung
analysis Mudstone A B B Chungju Jeonju A B A
Classification
of soil CL CL CL CL CL CL CL CL CH
(Us.c.o
Plastic limit(%) 10.26 18.59 19.23 13.3 12.80 17.6 20.09 50.66 23.06
Liquid 1limit(%) 26.28 33.83 30.34 26.42 24.66 32.49 30.81 27.1 57.49
Plasticity index(%) 26.02 15.24 11.11 13.12 11.86 14.89 10.72 23.56 34.43
Optimal Mixing
Rario(O.M.R) 6 9 6 9 9 6 9 12 12
(%)
Mechanical Goryung Gurye Gurye Gwang . Jinan Jinan .
analysis B A B yang Goksung Imsil A C Gyeongju
Classification
of soil CH SM SC SC SC SC SC SC SC
(U.s.c.o
Plastic limit(%) 18.93 23.81 14.72 19.25 19.57 21.90 18.49 15.79 15.33
Liquid limit(%) 55.12 30.55 31.16 30.01 30.63 29.81 31.01 29.1 35.33
Plasticity index(%) 36.19 6.74 16.43 14.35 11.06 7.92 12.52 13.31 20.00
Optimal Mixing
Rario(O.M.R) 12 6 6 6 6 9 9 6 6
(%)
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Table 7. Proeposed Optimal Mixing Ratio
(by Casagrande method)

Pur-p-ose Slope Fine-Grained Coarse-Grained
Stabilizer content Soil Soil
Ratio(%) o ot
6% CL
9% CL SM, SC
12% CL, CH -
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Table 8. U.S.C.S by Fall cone method

v, AEE A% ARS 2535 23t 7P 2 2o
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EREQ ol& Fdkste] AH2dt Ak Table 92 2
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Table 9. Proeposed Optimal Mixing Ratio
(by Fall Cone method)

Purgose Slope Fine-Grained Coarse-Grained
Stabilizer content Soil Soil
Ratio(%) o1 ol
6% ML _
9% CL SM, SC
12% MH, CH -

wbA] AASH| E%WHEJZﬂ% ol &3t ESVNEH
gl HERt 71&2 A|AEE Table 98 o-83ITHH AlF
A A8 B4 Ao At A oE W=y, dY
Sl EED} Fo]A] gl I iAol Eet B
Z&ko g 28 A3 9= Fall cone TestE o]-85tH
o B2t gt AAE P £ Qlo] BER ERU

Mechanical Damyang Damyang Jinan . . Naju Naju Goryung
analysis Mudstone A B B Chungju Jeonju A B A
Classification
of soil - cL ML - - ML cL MH MH
(U.s.C.9
Plastic limit(%) - 18.54 25.54 - - 28.31 21.76 28.88 33.65
Liquid limit(%) - 29.03 36.82 - - 36.85 38.55 51.95 63.36
Plasticity index(%) - 10.49 11.28 - - 8.54 16.79 33.65 29.72
Optimal Mixing
Rario(O.M.R) 6 9 6 9 9 6 9 12 12
(%)
Mechanical Goryung Gurye Gurye Gwang . Jinan Jinan .
analysis B A B yang Goksung Imsil A C Gyeongju
Classification
of soil CH SC SC SC SC SM SC SC SC
(U.s.c.9
Plastic limit(%) 24.07 24.23 20.83 18.54 13.08 24.32 20.85 21.07 24.17
Liquid 1imit(%) 55.38 37.28 34.78 39.81 37.698 35.58 33.59 35.16 39.99
Plasticity index(%) 31.31 13.05 13.96 21.26 13.08 11.26 12.75 14.09 15.82
Optimal Mixing
Rario(O.M.R) 12 6 6 6 6 9 9 6 6
(%)
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Fig. 10. Specimen production and experiment scene

Table 10. Proeposed by Optimized Slope Stabilizer
Content Ratio

Slope Stabilizer In sit
neent®) | Y| 6% 9% 12%
Weight(g)
Omin Weight 38.1 38.0 37.6 36.7
60min Weight 10.5 37.9 37.6 36.7
Erosion Weight 27.6 0.1 0 0
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e)

Fig. 13. Rainfall test result (9% mix applied)
(a) 5min (b) 10min (c) 15min (d) 20min (e)
30min (f) 60min

Fig. 11. Rainfall test result (ground)
(a) 5min (b) 10min (c) 15min (d) 20min (e)
30min

)
(e) ®)
Fig. 14. Rainfall test result (12% mix applied)
Fig. 12. Rainfall test result (6% mix applied) (2) 5min (b) 10min () 15min (d) 20min (e)
(2) 5min (b) 10min (¢) 15min (d) 20min (e) 30min () 60min

30min (f) 60min
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