ISSN 1229-2427 (Print)
ISSN 2288-646X (Online)
http://dx.doi.org/10.7843/kgs.2016.32.1.35

A g =R A32d 13 20169 1€ pp. 35 ~ 43
JOURNAL OF THE KOREAN GEOTECHNICAL SOCIETY
Vol.32, No.1, January 2016 pp. 35 ~ 43

SX3} EAANH o A0f| CHet Z2ARA 229 Fe

Impacts of Rainfall Events and Distribution
on Unsaturated Soil Slope Analysis

7 A & Kim, Jae-Hong 7l & " Kim, Ho-Kyum
7 ¥ 4’ Kim, Byeongsu b A ¢+ Park, Seong-Wan

Abstract

The time distribution of rainfall is one of the most important considerations for evaluating soil slope stability. In order
to study the rainfall-induced slope failure, the rainfall pattern has generally been assumed as uniform rainfall intensity
for rainfall duration. However, it should be noted that the time distribution of the design rainfall method has a significant
effect on the soil slope instability. The study implemented Mononobe, Huff, and uniform method as three types of time
distribution method of the design rainfall to estimate the factor of safety of soil slopes by rainfall duration. As a result,
the difference of soil suction and unsaturated hydraulic properties in a soil by rainfall pattern was found through the

application of an appropriate time distribution method to numerical simulation for rainfall-induced slope stability.
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Table 1. Rainfall events of various sites for Huff method (MLTMA-PR, 2011)

No. Site Vear Number of rainfall event

Total Select Remove 1st 2nd 3rd 4th
133 Daejeon 1969~2010 3696 643 12 142 203 170 116
135 Chupungnyeong 1961~2010 4290 638 13 138 183 205 99
136 Andong 1973~2010 2672 409 14 7 107 122 89
138 Pohang 1961~2010 3664 633 5 105 205 193 125
140 Gunsan 1968~2010 3684 580 1 101 175 176 17
143 Daegu 1961~2010 3481 571 9 111 148 174 129
146 Jeonju 1961~2010 4395 720 27 144 226 181 142
152 Ulsan 1961~2010 3545 716 119 225 232 138
156 Changwon 1985~2010 1959 460 60 125 175 96
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Table 2. Time distribution of Huff's method in Jeonju area (MLTMA-PR, 2011)

Ep Duration percent (Huff 1) Ep Duration percent (Huff 2"

"7 | 0% |10%|20% |30% | 40% | 50% | 60% | 70% | 80%|90% | 100% | = | 0% |10%[20%|30% [40% |50% |60% | 70%|80% [90% | 100%
10% | 0.0 [39.5|68.1(81.8(89.3|93.7]96.9/98.2{98.9(/99.5| 100 | 10% | 0.0 {13.2|30.5|58.4|81.9/91.3/96.3|98.0{98.9]99.6| 100
20% | 0.0 129.4(58.6(72.3|82.8|88.4192.0{96.2198.1199.1| 100 | 20% | 0.0 ]9.9|23.1]47.6/71.2{85.9|92.7]96.3|98.1199.3| 100
30% | 0.0 |22.7(49.3|68.2|78.4|85.8(/90.4(94.1|97.2198.8| 100 | 30% | 0.0|7.4]19.3]|38.9(65.3/80.6/90.2|94.7|97.3|99.0| 100
40% | 0.0 {19.7(44.4164.5|74.2|181.7(88.4191.9|195.9/98.4| 100 | 40% | 0.0|5.9(16.6{34.4/58.3|76.0|86.9/93.4|/96.3|98.5| 100
50% | 0.0 {17.2|40.8(56.5|67.1|75.7|84.3{90.2|94.4197.8| 100 | 50% | 0.0 |4.1(12.5/29.0{52.7|70.8|83.2(90.9/95.1(98.1| 100
60% | 0.0 {13.3(35.4|50.5/61.4|70.4{79.5(86.1|91.8/96.9| 100 | 60% | 0.0|2.8|9.5(24.7|47.5|67.2|80.1|87.9|93.8|97.6| 100
70% | 0.0 | 9.6 |30.9|46.6|56.3|65.2(73.0|180.9(89.6(95.6| 100 | 70% [0.0|1.9|7.1(19.9/41.6/61.9|74.5|84.1191.8/97.0| 100
80% | 0.0 |6.1(27.1/41.0/50.2|58.4/66.6|75.1|86.2|/94.1| 100 | 80% | 0.0 |1.1|5.2(13.9/34.5(55.4|169.3|79.1|88.7(95.4| 100
90% | 0.0 |3.5(20.4|35.5/40.6|48.5|57.6(71.0|/78.4{90.3| 100 | 90% |0.0|0.8]2.9]9.1(25.3|47.5|61.4|72.4|84.5|92.0| 100
Ep Duration percent (Huff 3" cp Duration percent (Huff 4™

" | 0% |10% |20% |30% |40% |50% |60% [70%|80% |90% | 100% | = | 0% |10%|20% |30% |40%|50% |60% |70% |80% |90%|100%
10% | 0.0 {11.1123.9(36.0(45.1(58.3|82.6(94.2198.4|99.5| 100 | 10% | 0.0 |13.4]26.4|35.9|44.3|54.5|61.1(68.8|86.3(98.3| 100
20% | 0.0 |8.5(17.6/27.2|38.6|52.5|73.7(90.3|97.0/99.1| 100 | 20% | 0.0 {10.0{17.7]27.2|35.4{44.3|53.7|63.7|81.5/96.8| 100
30% | 0.0 |5.3(14.2|123.3|32.4|45.9(68.9(85.4|94.9/98.6| 100 | 30% | 0.0|6.4(13.8{21.9]29.4|37.0|45.6|57.6|76.0|94.2] 100
40% | 0.03.4]19.9(17.5|28.8/41.9/62.4|82.8|93.2|/97.9| 100 | 40% | 0.0 |4.1|10.9(18.4|24.7(30.7|38.8(51.3|72.9/92.8| 100
50% | 0.0|2.6|6.7[13.7/23.2|36.4|57.7(77.3192.1197.2| 100 | 50% |0.0|3.2]6.9(13.4/21.3|25.9|33.0(45.5/67.0(90.3| 100
60% | 0.0|1.7(4.9]11.0{18.8/32.6(51.7(74.1|89.8/96.5| 100 | 60% | 0.0|2.1]5.0]9.6|15.6/22.1|28.9|41.2|62.8|87.2| 100
70% | 0.0|1.2|3.8|8.1(14.8/26.0/45.8/69.8(86.4/95.8/ 100 | 70% |[0.0|1.5]4.1|8.3|13.2/16.9|25.4(36.1|58.9(83.0| 100
80% [ 0.0/1.0(25]54]11.2|21.3/39.2|65.5|83.2|/94.1| 100 | 80% |0.0[1.0|2.9]4.9|7.8(13.4|21.4|29.7|49.5/78.5| 100
90% [ 0.0{04(1.2]|26]5.6|13.6/29.7(57.3|80.1{91.0/ 100 | 90% |0.0|0.4]1.6]3.2]4.9|6.6|12.6/22.1|38.0/69.8/ 100

E.P. (Exceedance Probability)
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Fig. 1. Time distribution of rainfall by Huff 1% method in Jeonju Fig. 3. Time distribution of rainfall by Huff 3 method in Jeonju
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Fig. 2. Time distribution of rainfall by Huff 2™ method in Jeonju
area (rainfall duration=24hrs)
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Fig. 4. Time distribution of rainfall by Huff 4" method in Jeonju
area (rainfall duration=24hrs)

2.2 Mononobe HHH

Mononobe HH(MLTMA-PR, 2011)2
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Table 3. Soil water characteristic curve parameter of Wanju area specimen

Soil Water Characteristic Curve Parameters
Soil Specimen USCSs saturated permeability
a n m 0,
(cm/sec)
Jeonbuk Wanju—gun ML 445.71 0.5597 1.3132 0.376 2.29x107°
21 2| X & (Precipitation Frequency Estimates, IDF)
{mm/hr)
Duration{min}
5 0 15 20 30 40 50 60 90 120 180 240 360 540 720 900 1080 1440 2880 4320
g 2 1392 100 834 73 B0 518 46 416 33 279 218 182 14 107 87 75 65 53 31 23
£ 3 161 1113 937 83 691 601 536 486 388 327 256 214 165 126 104 89 78 63 37T 27
T 5 1854 1237 1053 941 794 694 621 564 451 381 299 25 194 148 122 104 91 73 43 32
& 10 216 1397 1196 1078 92 811 728 664 532 45 352 295 228 176 145 124 109 88 51 38
E 20 2453 155 1335 1211 1042 923 831 758 609 516 404 338 262 202 166 142 125 101 59 44
§ 30 2622 1636 115 1288 1113 987 89 813 663 663 434 363 282 217 179 163 134 108 63 47
O 50 2833 1747 1514 1383 1201 1068 964 881 708 60 47 394 306 236 195 167 146 118 69 51
3 70 2971 1818 1579 1445 1258 112 1013 926 745 631 495 415 322 248 205 176 154 125 72 54
P
o 80 3026 1846 1605 147 1282 1142 1032 943 750 643 504 423 329 264 209 179 157 127 74 54
§ 100 3117 1894 1648 1511 1319 1176 1064 973 783 664 521 436 339 261 216 185 162 131 76 57
B 200 340 2043 1782 1638 1436 1264 1163 1065 858 727 57 478 371 287 237 203 179 M4 B4 62
<300 3/6S5 2127 186 1714 1506 1348 1221 1118 901 764 599 503 391 302 249 214 188 161 B8 64
500 3774 2236 1958 180.8 1593 1427 1294 1186 956 811 636 533 415 321 265 227 20 161 93 69
Fig. 10. Probability rainfall in Wanju area (www.k-idf.re.kr)
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Table 4. Slope stability calculated by Huff method in Wanju area (probable rainfall = 342 mm)

Fig. 18. Safety factor distribution by Mononobe method for rainfall

Factor of Safety implemented by Huff method for rainfall duration 36hrs

Rainfall type Thr 5hr 10hr 15hr 20hr 24hr 36hr
Huff 1st 1.599 1.573 1.519 1.295 1.203 1.159 1.23
Huff 2nd 1.612 1.589 1.554 1.386 1.248 1.217 1.238
Huff 3rd 1.619 1.597 1.557 1.389 1.248 1.219 1.223
Huff 4th 1.618 1.603 1.563 1.39 1.23 1.216 1.18

Uniform Rainfall 1.599 1.573 1.519 1.295 1.24 1.185 1177
Table 5. Slope stability calculated by Mononobe method in Wanju area (probable rainfall = 342 mm)
Factor of Safety implemented by Mononobe method for rainfall duration 36hrs
Rainfall type Thr 5hr 10hr 15hr 20hr 24hr 36hr
Advanced type 1.599 1.573 1.519 1.259 1.242 1.2 1.238
Centered type 1.615 1.597 1.567 1.449 1.266 1.232 1.226
Delayed type 1.615 1.599 1.574 1.545 1.405 1.279 1.173
Uniform Rainfall 1.599 1.573 1.519 1.295 1.24 1.185 1177
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Table 6. Event type along rainfall duration distributed by Huff method in Jeonju area (MLTMA-PR, 2000)

Duration Huff 1st Huff 2nd Huff 3rd Huff 4th Total
total 302 (27%) 307 (27%) 272 (24%) 238 (21%) 1119

~ 6 hrs 115 (28%) 107 (26%) 86 (21%) 96 (24%) 404

7 hrs ~ 12 hrs 96 (31%) 81 (27%) 60 (20%) 68 (22%) 305
13 hrs ~ 18 hrs 44 (24%) 43 (24%) 55 (31%) 38 (21%) 180
19 hrs ~ 24 hrs 19 (18%) 36 (35%) 31 (30%) 17 (17%) 103
25 hrs ~ 28 (22%) 40 (31%) 40 (31%) 19 (15%) 127

x .GT. Mean 100 (26%) 122 (31%) 109 (28%) 58 (15%) 389
x .LE. Mean 202 (28%) 185 (25%) 163 (22%) 180 (25%) 730

42 g=RLLESE=2d M2 M=



(Fig. 17~18).
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