Joumal of the Korean Society of Agricultural Engineers
DOI : https://doi.org/10.5389/KSAE.2023.65.5.001

Vol. 65, No. 5, pp.1~11, September 2023
ISSN 1738-3692 | elSSN 2093-7709

E5F XX Mgt EQko| ChE!
AHH oF8d o=

Prediction of Compaction, Strength Characteristics for Reservoir Soil Using
Portable Static Cone Penetration Test
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ABSTRACT

Due to climate change and aging of reservoirs, damage to embankment slopes is increasing. However, the safety diagnosis of the reservoir slope is
mainly conducted by visual observation, and the time and economic cost are formidable to apply soil mechanical tests and slope stability analysis.
Accordingly, this study presented a predicting method for the compaction and strength characteristics of the reservoir embankment soil using a portable
static cone penetration test. The predicted items consisted of dry density, cohesion, and internal friction angle, which are the main factors of slope
stability analysis. Portable static cone penetration tests were performed at 19 reservoir sites, and prediction equations were constructed from the
correlation between penetration resistance data and test results of soil samples. The predicted dry density and strength parameters showed a correlation
with test results between R? 0.40 and 0.93, and it was found to replace the test results well when used as input data for slope stability analysis (R*
0.8134 or more, RMSE 0.0320 or less). In addition, the prediction equations for the minimum safety factor of the slope were presented using the
penetration resistance and gradient. As a result of comparing the predicted safety factor with the analysis results, R 0.5125, RMSE 0.0382 in
coarse-grained soil, R? 0.4182 and RMSE 0.0628 in fine-grained soil. The results of this study can be used as a way to improve the existing slope
safety diagnosis method, and are expected to be used to predict the characteristics of various soils and inspect slopes.
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Table 1 Specifications of research sites
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Site (Abbreviation)

Downstream slope

Chungbuk-A (CB-A)

Chungbuk-B (CB-B)

Chungnam-A (CN-A)

Chungnam-B (CN-B)

Chungnam-C (CN-C)

Gangwon-A (GW-A)

Gangwon-B (GW-B)

Gyeongbuk-A (GB-A)

Gyeongbuk-B (GB-B)
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Gyeongbuk-C (GB-C)

1:

Gyeonggi-A (GG-A)

: 2.3 (Upper slope),
: 1.5 (Lower slope)

Gyeonggi-B (GG-B)

—_ = =

: 2.4 (Upper slope),
: 2.2 (Lower slope)

Gyeongnam-A (GN-A)

Gyeongnam-B (GN-B)

Gyeongnam-C (GN-C)

Jeonbuk-A (JB-A)

Jeonbuk-B (JB-B)

Jeonnam-A (UN-A)

Jeonnam-B (JN-B)
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Table 2 Indoor test items and standards for soil

ltems Standards

Sampling KS F 2317

In-situ density test KS F 2311
Particle size distribution test KS F 2302
Liquid limit, plastic limit test KS F 2303
Classification of soil KS F 2324
Soil compaction test KS F 2312
Direct shear test KS F 2343

Fig. 1 Components of PSCPT equipment
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Table 3 Forms of prediction equations for soil strength parameters,

dry density
Function
Prediction y(q.)=g,) (kPa) or ¢(q,) (degree) or
equation v,(q.) (KN/m3)
Linear ylg) =axq+b
Exponential ylg) =axe "+
Power ylg) =axd+e
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Table 4 Portable static cone penetration test (PSCPT) results
Site q. (Point 1, MPa) q. (Point 2, MPa) Absolute deviation (MPa)
CB-A 0.4187 0.4521 0.0333
CB-B 0.3668 0.4393 0.0726
CN-A 0.4678 0.5472 0.0794
CN-B 0.6551 0.5100 0.1451
CN-C 0.4060 0.4727 0.0667
GB-A 0.4746 0.4599 0.0147
GB-B 0.5158 0.5629 0.0471
GB-C 0.6365 0.6816 0.0451
GG-A 0.4433 0.4746 0.0314
GG-B 0.3521 0.3756 0.0235
GN-A 0.4040 0.3648 0.0392
GN-B 0.4158 0.4187 0.0029
GN-C 0.5198 0.5364 0.0167
GW-A 0.6404 0.6031 0.0373
GW-B 0.6149 0.4727 0.1422
JB-A 0.5158 0.5433 0.0275
JB-B 0.5364 0.4433 0.0932
JN-A 0.6590 0.5923 0.0667
JIN-B 0.4246 0.4472 0.0226
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Table 5 Physical properties of soil
Site | Sample No. Con:’!:::'(% ) | Classification C‘iﬂ:’;’” '”te(r(;‘:;rfe'gm” vy (KNI | R, (%) (lde/mS)
1 279 M 54 303 12.2 78 15.71
CB-A 2 253 M 12 375 135 89 15.23
1 322 ML 11 286 11.23 73 15.38
cB-B 2 124 ML 122 254 11.71 76 15.47
1 20.1 M 74 363 14.94 84 17.69
CN-A 2 265 M 83 342 14.71 84 17.58
o 1 15 M 76 394 16.28 88 18.46
2 172 SP-SM 8.3 354 13.88 75 18.58
o 1 382 M 144 25 12.75 80 16.01
2 246 M 104 341 14.74 9 16.44
. 1 2 M 5.1 30 10.69 65 16.32
2 18.1 M 115 276 10.34 74 13.95
1 196 M 10.2 343 13.28 80 16.54
GB-B 2 184 Y 133 353 1353 82 16.59
1 207 M 16.8 339 15.88 92 17.21
GB-C 2 135 M 18.8 363 15.39 89 17.38
G 1 19.4 M 6.8 358 12.54 75 16.75
2 212 M 82 341 13.73 82 16.67
b 1 335 M 45 311 10.77 62 17.47
2 317 M 6.9 334 12.02 68 17.62
A 1 359 ML 79 209 1153 72 15.97
2 285 M 96 247 11.39 70 16.26
. 1 339 ML 138 32 13.07 87 15.00
2 311 ML 143 322 13.14 86 15.27
1 285 Y 103 29 12.68 83 15.23
GN-C 2 26 ML 145 26.1 11.28 74 15.26
1 18.7 M 232 395 17.28 99 17.42
GW-A 2 13 M 102 373 15.46 88 17.53
1 282 M 53 374 146 81 18.06
GW-8 2 252 M 6.9 369 14.46 80 18.02
oA 1 255 ML 202 259 12.02 81 148
2 287 ML 21 342 13.67 92 14.84
e 1 14.1 M 82 373 15.01 9 16.69
2 195 M 145 322 14,37 87 16.5
oA 1 178 ML 203 358 15.27 o4 16.32
2 241 ML 271 374 14.01 92 15.22
1 249 M 8.3 312 11,59 71 16.23
-8 2 216 M 10 329 12.19 77 15.89
o The Fig 2 A9E ik Botel ANE A8 A ek Aol
o, Yeubas A% gk A4 A AT vus]
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Table 6 Prediction equations of soil strength parameters and dry density using PSCPT data (coarse—grained soil)

Function a b c R? RMSE
Linear 20.0191 0 - 0.3341 3.5694
g,) (kPa) Exponential 0.0377 8.4083 6.5579 0.3998 3.3025
Power 94.9840 5.6287 7.1265 0.4015 3.2978
Linear 29.5408 18.6407 - 0.4152 2.9331
#(g,) (degree) Exponential 21.8283 0.8470 0 0.4039 2.9615
Power 45,6332 0.4448 0 0.4283 2.9003
Linear 16.8223 5.0273 - 0.6405 1.0544
7,(g,) (KN/m?) Exponential 7.2499 1.2241 0 0.6411 1.0536
Power 15.6908 1.4175 75172 0.6419 1.0524
Table 7 Prediction equations of soil strength parameters and dry density using PSCPT data (fine—grained soil)
Function a b c R? RMSE
Linear 36.9682 0.0000 - 0.9291 3.6405
q,) (kPa) Exponential 2.8048 3.6624 0 0.9115 1.9890
Power 68.7350 1.9285 0 0.9267 1.8066
Linear 28.1104 17.2811 - 0.3844 3.1813
#(g,) (degree) Exponential 0.1700 6.2549 26.7048 0.4261 3.0718
Power 62.4866 45290 27.8102 0.4315 3.0572
Linear 11.8660 7.0075 - 0.6792 0.7293
7(q.) (kN/m®) Exponential 0.0860 5.9677 10.9385 0.7165 0.6856
Power 22.9208 4.2354 11.4060 0.7166 0.6855
30 40
o
25 "o
o
35 R o og X %
20 . ] o Ooo
— - ] e o
[ b 0.©
E_, 15 ° & o —5 30 ?
g o % o °
0 - &
10 b 8 g0 o°
00898, ° o 25
5 ) C(q.)=94.9840q 5 6*37+7.1265 0(q.)=45.6332q, 04448
R*=0.4015 R*=0.4283
RMSE(kPa)=3.2978 RMSE(degree)=2.9003
0 = 20 L
0 5 10 15 20 25 30 20 25 30 35 40
C (kPa) ¢ (degree)

(a) Cohesion (coarse-grained soil)

(b) Internal friction (coarse-grained soil)
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25 10
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(e) Internal friction (fine-grained soil)

¥ (KN/m?)

(f) Dry density (fine-grained soil)

Fig. 2 Comparison between predictions and observations of soil strength parameters (cohesion, internal friction), dry density
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