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ABSTRACT

This research studies the stabilization method for improved soil sloped through the on—site application of Paper Flyash ground
stabilizers. The target strength required for improved soil is 500 kPa, and the compressive strength for the slope surface
needs to be less than 1,000 kPa after the improvement in order to plant vegetation. To meet this condition, we mixed
soil from the site and the ground stabilization material, which is the main material for surface improvement material, performed
mixing design and conducted various tests including strength test, permeability test and plantation test. After analyzing the
results of the compression test on improved soil slope, we proposed soil constants for the improved soil. In order to evaluate
the applicability of the improved soil on the slope, the site construction was carried out on the collapsed slope and the
reinforcement evaluation of the surface of the improvement soil was conducted. The stability was not secured before the
reinforcement, but the test shows after the reinforcement with improved soil, the safety rate is secured up to 48 hours during
the raining period. In addition, the compressive strength of the improved soil at the site was secured at more than 200 kPa
adhesion as planned, and the soil hardness test result was also found to be within the specified value of 18—23 mm, which

increased the resistance to rainfall and ability to grow plant on the surface for improved soil.
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Fig. 1. Reaction characteristics of ground stabilizer and soil (Bang, 2016)
Table 1, Chemical composition of ground stabilizer
Division SiO, AlO3 Fex0s Ca0 MgO SO3 TiO» K0 Na,O lg—Loss
Ground stabilizer 18.8 9.51 8.46 50.7 434 2.60 - - - 1.26
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Table 2. Physical property test result of field sample
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Sieve analysis
No w, (%) G, LL(%) Uscs
No.4 No.10 No.200
1 71 2.686 N.P 981 81.0 0.8 SP
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Table 3. Ground stabilizer compounding test

Compaction result Mixing ratio
Division 3 Water Ground
Vimaz (KN/M % Total i
Yimaz (KN/M°) Wyt (%) otal mass (g) soil (g) quantity () siabilizer (g)
Ground stabilizer 5% 1811 10.6 337,72 280.01 4172 16,09
Ground stabilizer 10% 18,06 12,2 336.94 265,28 4112 30.64
Ground stabilizer 15% 17.52 127 326.73 243 82 39,99 4257
Table 4. Compressive strength of improved soil by ratio of ground stabilizers
Ground stabilizer ratio Compressive strength (kPa)
(%) 3day 7day 27day
5 245 302 378
10 528 691 977
15 753 1024 1658
Table 5. Compressive strength of improved soil with 10% of ground stabilizer ratio
o Compressive strength (kPa)
Division
T—1 T2 -3 T—4 -5 Average
Ground stabilizer 10% 823 mn 793 643 934 781
Table 6. Result of improved soil permeability test
o Permeability coefficient (cm/sec)
Division
T—1 T2 -3 T4 -5 Average
Ground stabilizer 10% 213x10”° 1.33x107° 1.24x107 1.68x10° 1.91<10°7° 1.66X10°
Table 7. Environmental stability test result of improved soil
Test items Unit Test limit Standard Test result
T-1 T2 T-3 T4 -5
Plumbum mg/L 0.040 3 0.065 N.D N.D N.D N.D
Copper mg/L 0.006 3 N.D N.D N.D N.D N.D
Arsenic mg/L 0.050 15 N.D N.D N.D N.D N.D
Hydrargyrum mg/L 0.0005 0.005 N.D N.D N.D N.D N.D
Cadmium mg/L 0.004 0.3 N.D N.D N.D N.D N.D
Hexavalent chromium mg/L 0.04 15 N.D N.D N.D N.D N.D
Remark 1. N.D : Not detected
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Table 8. Physical characteristics of site soil (Bhang, 2016)
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City Name G, 3 Uscs
Yamar (KN/MY) Wopt (%)
Haenam 2.648 15,96 20,45 SC
Gunsan 2.676 15.34 15.67 CL
Haechang 2.685 15.53 17.52 ML
lksan 2.663 16,92 9.23 Sw
Yeosan 2,664 15,97 18.56 SM
Wanju 2.669 17.90 145 ML
Saemangeum 2.664 18.06 12,2 SP
Table 9. Strength test value of improved soil by site
Compression test Shear test
Soil type City Name
g (kPa) c=q/2 (kPa) ¢ (kPa)
3SC 1,048 524.0 (314.4) 495 (297.0) Haenam
CL 927 4635 (278.1) 369 (221.4) Gunsan
ML 792 396.0 (237.6) 333 (199.8) Haechang
SW 1,819 9095 (545.7) 786 (471.6) lksan
SM 1,444 722.0 (433.2) 662 (397.2) Yeosan
ML - - 329 (197.4) Wanju
SP 781 390.5(234.3) - Saemangeum
Remark () means the value when 60% of the test value is applied.
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(a) Immediately after sowing the seeds

ARas

(b) Growth status after 2 months

Fig. 2. Plant growth conditions (Yeo, 2019)
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Fig. 3. Growth length by plant type
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Division 7, (kN/m’) ¢ (kPa) z () k (cm/sec)
Filling material 19 15 25 1.0x10™
Sie Weathered soil 19 15 30 1.0x107*
Ripping rock 19 30 35 10x10™

Blasting Rock 20 100 37 Impermeable layer
Improvement layer 19 200 30 1.0X107°
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Table 11, Stability results of slope of improved soil before and after reinforcement

Before reinforcing improved soil After reinforcing improved soil
Rainfall duration

Fs Result Fs Result

Dry (Fs>15) 1.308 N.G 1.791 OK
12hr (Fs>1.3) 1,131 N.G 1.669 oK
24hr (Fs>1.3) 0.898 N.G 1,655 oK
36hr (Fs>1.3) 0.886 N.G 1.607 oK
48hr (Fs>1.3) 0.886 N.G 1576 oK
Saturation (Fs>1.2) 0.645 N.G 1,003 N.G

2.0 - —
= . Lo Iy
~o— Before reinforcing improved soﬂw
1.8 D\\\ . - After reinforcing improved soil
N . -
g 16— e
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S 14— \
> 12 — N N
:q:j o N\
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0.8 — S
ale | | | | 0

Dry 12 24 36 48 Saturation

Rainfall duration (hr)

Fig. 5. Safety factor of slope of improved soil before and after
reinforcement
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Remark Regulation scope : 18~23 (mm)
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Table 13. Compressive strength in case of curing 7

) Original ground sail Compressive strength of improved soil (kPa)
Location
(kPa) No.1 No,2 No.3
216 830 890 870
Compressive strength 184 860 860 860
- 840 900 890
Average 202 843 883 873
1000000 A BE FaHoA T 7|4 v R YER
5 100000 |- / MpEs vgm Agsitee BHRAE ge Ao
o
vy
2z 10000 — 2 HQIth
A / (3) NEEE ol gat vzl tgt Ay AeAle Bt
2 o0 | A9] A% BE 2e)A S FHA 2R
= | Regulation scope ~ _
g o A ez N FER B o)F FASS A4 A7 48
10 ;
1 o o NP Hze QAES Suets Ao Uehyt
0 5 10 15 20 25 30 35 40 45 4) B NFEY A 7Y =7 AA X1 H3H
Penetration (mm) _
200kPa o]A4to & 719 4l Qapof] #HAdo] A Ff
Fig. 6. Penetration depth and bearing capacity of standard oo EAEAANY ZAux FA el 18~
soil hardness tester relationship (Han et al., 2011) 23mm o|Ul2 BholEo] AlEAIS] 7t Aoz 1}
= =i o o U IR—

833kPa<] ”*Holf‘% % P2 866kPa =7 E LiER
=

oh;]. 0]7

QA Bt A&LE7FE(202kPa)o]| 13

A= B ol

oF 430 H= 718l gho = Al 28Y

e He Z71E Aow wuE 53] o] e A
0% FASIH & HH860kPa) USYEHPEE 22 L
T EF HLA] o] Frol 60%E = @H:}E‘ﬂ 259.8kPa®

A 84X 48

o O
olol s Ewol 39 AFEL 45
Ko] 27 Zriisto] wlgue] ebg o] sl Ao
e,

e}

&

(M

(M

Az

L= Shan B |

Ll

=

HEH 257} 7Feh 4S54 500kPa o)/t A4
o] 7Fs3t Y= 1,000kPa o|5lE THEdh= TN
T 24 w2z ARRPA vl& 10%, | 28
A e A o] ofuf ot A== 781kPao|H
B ExA L 1.66x10 cm/seco|th.

A At %X]HJEEE} ks oA skt A4
Hol= Ao= yepon a4 AIE

8]

~

Epgtel.

References

Baker, C. N. (1954), “Strength of Soil-Cement as a Function
of Degree of Mixing”, Highway Research Board Bulletin,
No.98, pp.33-52.

Bhang, 1. H. (2007), “A study on the technology related to
the control and rehabilitation of slope surface erosion”,
Master Thesis, Graduate School of Industrial Technology of
Jeonbuk National University.

. Bhang, 1. H. (2016), “A Study on the Behavior Characteristic

of Composite Reinforced Earth with Improved Soil Surface
and Geogrid-reinforced Backfill”, Ph.D. Thesis, Graduate
School of Jeonbuk National University.

. Han, K. H., Cho, H. R. Jeon, S. H. and Zhang, Y. S. (2011),

“A Study of Relation Between Yamanaka Hardness and
Penetrometer Cone Index”, Vol.44, No.3, pp.344-346.
Horpibulsuk, S., Miura, N. and Bergado, D. T. (2004),
“Undrained Shear Behavior of Cement Admixed Clay at
High Water Content”, Journal of Geotechnical and Geo-
environmental Engineering, Vol.130, No.10, pp.1096-1105.
Jeong, D. Y., Lee, B. S. and Lee, K. J. (2001), “A Study
on Reaction Characteristics of Stabilized Red Yellow Soil
with Flyash”, Journal of the Korean geotechnical society,
Vol.17, No.2, pp.59-72.

Kim, J. S. (2008), “The Analysis on the Vegetation Construction

X|SoHE) JHYES| EA HIEH Y MEY HIt



10.

11.

12.

44

Cases of Road Slope in West Gyeongnam Regions”, Master’s
Thesis, Industrial Graduate School of Kyungnam National

University.

. Kim, J. Y., Jang, E. R,, Chung, C. K. and Jang, S. H. (2011),

“The Optimum Mixture Condition for Stabilization of Songdo
Silty Clay, Journal of the Korean Geotechnical Society”,
Vol.27, No.5, pp.5-15.

. Kim, W. H. (2018), “A Study on the Effect of Slope

Stabilization Method using Soil Stabilizer and Soil-Nailing”,
Master’s Thesis, The Graduate School of Daejin University.
Kim, Y. S., Kim, J. H, Seo, S. G. and Bhang, 1. H. (2015),
“Comparison of Critical Tractive Forces for Application of
Soil Improvement Material to Bank Revetment Work”,
Journal of the Korean Geotechnical Society, Vol.31, No.2,
pp.65-73.

Ko, H. W,, Seo, S. G, An, Y. J.,, Kim, Y. S. and Cho, D.
S. (1996), “Applicability Evaluation of Eco-Friendly Binder
Material using Desulfurized Dust in Deep Cement Mixing
Method”, Korean Geosynthetics Society, Vol.15, No.2, pp.1-12.
Korea Expressway Corporation (2009), “Road Design Guidelines,
Vol.2 Earthwork and Drainage” No. 5, pp.156-159.

ShERMRIARSE=RE  H20H Mi1S

13.

14.

15.

16.

17.

18.

19.

Korean Agency for Technology and Standards (2016), “Standard
Test Method for Soil Compaction using a Rammer”, KS F
2312.

Ministry of Land, Infrastructure and Transport (2009),
“Design and Construction Guidelines for Road Slope Greening
Work”.

National Institute of Environmental Research (2017), “Waste
process test standard”.

Park, M. J. (2019), “Stability Evaluation of Surface Layer of
Improved Soil Slope Using Fly Ash”, Master’s Thesis, The
Graduate School of Daejin University.

Seo, S. G, Lee, K. S., Kim, Y. S. and Cho, D. S. (2019),
“A Study on the Estimation of Optimal Unit Content of
Binder for the Soil Stabilizer Using the Recycled Resource
in DMM?”, Korean Geosynthetics Society, Vol.18, No.2,
pp.37-44.

Shim, J. W. and Seo, C. H. (1998), “A Study on the Strength
Property of Cement Matrix with Fly-ash”, The Architectural
Institute of Korea, Vol.18, No.2, pp.587-592.

Yeo, D. J. (2019), “A Study on the Ground Improvement
Material using Fine Powder of Coal Bottom Ash”, Master
Thesis, Graduate School of Jeonbuk National University.



