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A consideration of failures of slopes with countermeasures in

Yamaguchi prefecture

Tetsuro YAMAMOTO (Department of civil engineering)
Motoyuki SUZUKI (Department of civil engineering)
Toshihiko MIYAUCHI (Speciality of civil engineering)
Takashi TERAYAMA (Speciality of civil engineering)

From the viewpoints of soil engineering, geology, and slope disaster prevention engineering, field investigations were
made of 109 failures of slopes with countermeasures such as sodding, retaining walls, and rock-fall prevention walls.
Furthermore, physical properties and strength parameters of the surface soils were examined.

The conclusions obtained are as follows: 1) In regard to the geology of Yamaguchi prefecture, the most slope failures
occurred in the granite rock region. 2) Owing to the catchment topography, relatively small-scale failures occurred in

slopes existing at the upper parts of the countermeasure works.
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Fig.1 District of failed slopes in Yamaguchi prefecture
Table 1 Dimensions of failed slopes ( Part 1)
Occurrence Cities Sites Type of rocks | Inclination | Length [ Width | Depth | Endogenous factors Two weeks One day One hour
(degree) (m) (m) (m) rainfall (mm) |rainfall (mm) [rainfall (mm)
The 1997 Mutsumi|  Anzuke Tuff 30 14.7 16.0 - Infiltration topography 122 512 40
typhoon No.9 Kandani A Sandstone - 10.3 12.0 Infiltration topography 122 512 40
Kandani B Sandstone 54 20.3 34.8 7.0| Infiltration topography 122 512 40
Ushiroi Tuff - 6.4 13.0 - - 122 512 40
Era A Tuff - 21.1 28.0 2.5 122 512 40
EraB Tuff 45 16.0 5.0 - 122 512 40
Sabaki A Granite - 11.4 23.5 - - 122 512 40
Sabaki B Granite 42 42 10.0 - Infiltration topography 122 512 40
Tyuuou Basalt - 133 7.1 0.4| Boundary foundation 122 512 40
Nagao Granite 40 39 15.1 - Infiltration topography 122 512 40
Tsuziyama A Tuff - 24.0 14.1 - - 122 512 40
Tsuziyama B Tuff - - 18.2 - 122 512 40
Tsuziyama C Tuff - 31.1 47.8 2.0 122 512 40
Tonogawa A Granite 6.5 46.5 122 512 40
Tonogawa B Granite - 39 18.2 - 122 512 40
Hirakashige Granite 37 27.8 11.1 2.1 122 512 40
Asou A Granite - 21.2 15.0 - 122 512 40
Asou B Granite - - - - 122 512 40
Noda A Basalt 25.0 - - - 122 512 40
Noda B Basalt - 9.8 16.8 1.0 Boundary foundation 122 512 40
Noda C Basalt 60 6.5 17.5 0.7 - 122 512 40
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Table 1 Dimensions of failed slopes ( Part 2 )
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Occurrence Cities Sites Type of rocks | Inclination | Length | Width | Depth Cause of Two weeks One day One hour
(degree) | (m) | (m) (m) Failure rainfall (mm) [rainfall (mm) [rainfall (mm)
The 1997 Abu Ubuka Tuff - 33.0] 288 3.0 - 67 132 17
typhoon No.9 Jouman Tuff - 6.6 6.7 0.2 - 67 132 17
Tabira A Tuff - 16.0 10.0 3.0 - 67 132 17
Tabira B Tuff - 18.7 5.0 - - 67 132 17
Tabira C Tuff - 29.2| 28.01 - - 67 132 17
Kawakami Haihuku Tuff 46 - 50.0 0.5] Infiltration topography 76 118 40
Souradai Tuff - 19.9 10.4 - Joint 76 118 40
Nagatani Tuff - - 29.0 - - 76 118 40
ITkadaba Tuff 62 12.3 62 - - 76 118 40
Hukue Mitake Granite - 21.0 16.0 - - 133 310 25
Kuribara Breccia - 29.3 4.2 - - 133 310 25
Sakura A Granite - 15.5 29.0 - Boundary foundation 133 310 25
Sakura B Granite - 7.4 15.0 - - 133 310 25
Sakura C Granite 44 9.2 7.0 0.7 - 133 310 25
Koishi Tuff 46 6.1 133 - - 133 310 25
Ubuno Basalt 44 14.1 13.0 - - 133 310 25
Maenihodani Basalt - 47.0( 265 - - 133 310 25
Tsurugatani Tuff - 9.4 244 - Infiltration topography 133 310 25
Dougasako Diorite - 9.9 10.0 - - 133 310 25
Iriya Diorite - 5.0 6.0 - - 133 310 25
Hatake A Granite - 3.1 4.1 - - 133 310 25
Hatake B Granite - 10.5 5.0 - Infiltration topography 133 310 25
Hatake C Granite 32 71.7 17.6 5.0| Infiltration topography 133 310 25
Hirawarabi Tuff 42 9.2 7.0 - - 133 310 25
Besho A Andesite 34 21.7 17.5 1.9| Infiltration topography 133 310 25
Besho B Andesite - 43.7 12.0 - - 133 310 25
Hukitan Basalt - 28.8] 33.6 - Boundary foundation 133 310 25
Hagi Takagishi Granite 46 32.0 9.0 0.5 - 76 118 40
The 1998 Shutou | Hotoketouge Shale - 15.0 14.7 1.5 - 146 95 23
local sever rainfall|  Kano Kaisaku Porphyrite - 13.0 15.0 0.6 - 201 95 19
Ube Shimoukegawa Schist 45 7.0 25.0 - Infiltration topography 194 63 16
The 1998 Kuka Osaki Granite - 8.0 5.5 0.3 - 109 184 35
typhoon No.10 Touwa Kounoura Granite - 7.0 6.8 0.4 - 109 184 35
Mori Granite - - - - - 109 184 35
Yamaguchi Yoshiki Schist 45 263 223 1.5| Infiltration topography 108 110 30
The 1999 Tachibana Aki Granite - 10.0 8.1 0.3 Joint 225 85 9
local sever rainfall Tatsuiwa Granite 76 3.0 16 03 - 225 85 9
Kuka Yahata Granite 52 53 8.0 0.4 Joint 225 85 9
Oshima Okiura Granite - 15.0 6.3 0.3| Infiltration topography 225 85 9
Touwa Granite 52 14.0 6.2 1.1 Infiltration topography 225 85 9
Touwa Tononhu Granite 44 6.7 6.2 0.7| Infiltration topography 225 85 9
Sare Granite - 27.0 18.4 2.0 - 225 85 9
Hirano Granite 46 7.6 4.4 0.5 - 225 85 9
Yanai Ohara Granite 54 13.2 14.8 0.2 - 225 85 9
Toyoura Uka A Andesite 36 8.0 9.6 1.2 - 197 192 43
Uka B Andesite 36 4.0 4.1 0.5 - 197 192 43
Ukahongou Sandstone 42 7.0 5.1 0.9 - 226 92 39
Okuhata Andesite - 12.0 4.2 0.7 - 197 192 43
Yokomichi Tuff - 2.3 4.0 0.8 - 197 149 41
Yamashita Granite - 10.0 15.7 1.2 Joint 197 132 41
Toyohara Tuff 34 5.0 5.0 0.5| Infiltration topography 197 123 41
Waita Granite 60 4.0 4.0 1.5 Joint 197 203 43
Toyota Daitouge Andesite - 20.0 16.8 - - 226 92 39
Tenigadake Porphyrite 35 15.0 14.2 2.5 Infiltration topography 226 92 39
Tenigataki A | Andesite 35 7.0 3.4 0.3| Infiltration topography 226 92 39
Tenigataki B Andesite 35 10.0 35 0.5] Infiltration topography 226 92 39
Houhoku | Terahatayama | Sandstone 42 8.0 4.0 1.0 - 226 92 39
Takibe Shale 46 3.0 4.5 0.2 Joint 240 175 51
Tashiro A Shale 41 203 225 2.2| Infiltration topography 240 175 51
Tasgiro B Shale 45 5.4 5.0 0.5 Joint 240 175 51
Kottoi Shale 41 18.2 6.0 0.7 - 240 175 51
Hijuu Tuff 46 10.0 8.4 1.2 - 240 142 51
Mitou Kuranoue Sandstone 48 5.6 18.9 0.9| Infiltration topography 177 140 37
Nagato Yumoto Tuff - 21.0 13.8 - Joint 226 92 39
Hagi Kawashi Sandstone 65 6.0 3.2 0.5 - 216 156 59
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Table 1 Dimensions of failed slopes ( Part 3 )

Occurrence Cities Size Type of rocks | Inclination | Length | Width | Depth Cause of Two weeks One day One hour
(degree) | (m) (m) (m) Failure rainfall (mm) [rainfall (mm) |rainfall (mm)
The 1999 Hagi Yamada Sandstone 72 12.5 10.1 1.2 Joint 216 156 59
local sever rainfall Ii Sandstone 49 6.0 116 1.0 216 162 59
Tamae Granite - 8.0 14.8 0.8 Joint 216 156 59
Sanmi Sandstone 47 20.0 6.0 - Joint 216 156 59
Akeshi A Sandstone 50 12.0 7.5 1.0 216 206 59
Akeshi B Sandstone 50 7.0 69| 08 216 206 59
Kawakami| Souradai Tuff - 18.0 103 - 255 151 47
Tachino A Diorite 56 7.0 46 05 216 156 59
Tachino B Diorite 7.0 59 - 216 156 59
Tachino C Diorite - 6.5 3.0 05 216 156 59
Misumi | Nijoukubo Sandstone 40 20.0 16.2 2.0 - 216 202 59
Nobase Sandstone 44 10.0 7.0 1.0| Infiltration topography 216 177 59
Rakushihata Andesite 45 54 13.0 1.1 - 177 140 37
Yuya Daibou Tuff - 5.5 3.8 1.1{ Infiltration topography 240 142 51
The 1999 Asahi Sasanami Tuff 59 7.0 6.2 1.3 - 156 129 73
typhoon No.18 Akiragi Tuff 55 7.5 69| 0.6 307 73 49
Kano Oshio Tuff 45 38.0 13.0 1.3 124 61 18
Kawakami Oshita Tuff 59 15.0 239 - 156 129 73
Shuhou Kisui Sandstone 50 18.0 10.4| 104 - 123 122 51
Shinsuge Sandstone 45 12.2 8.7 0.8 Boundary foundation 123 121 51
Tokuzi Yamahata Schist 40.0 15.4 213 131 65
Hagi Kurae Granite - 5.0 29| - 307 73 49
Yamaguchi Niho Granite 49 13.0 10.8 0.4 165 146 73
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Table 2 Type of countermeasures
Type of countermeasure Cases
Sodding 21
Retaining wall 19
Sodding, retaining wall 15

Sodding, Retaining wall, Rockfall prevention wall| 9
Retaining wall, Rockfall prevention wall
Rockfall prevention net work

Crib work

Spraying

Block pitching

Others
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Table 3 Physical properties and strength properties of surface soils

Sites 0, U, D, Dy, F, Fy w, A Wp I, Soil Can ® g Cy ® g
(g/em’) (mm) (mm) (%) (%) (%) (%) (%) classification | (kPa) | (Degree)| (kPa) | (Degree)
Anzuke 2.619 290.0 15.8 0.32 30.1 13.0 13.9 30.9 23.0 7.9 SM 38.5 37.3 0.0 34.7
Kandani B 2.720 94.6 10.0 0.68 29.1 6.5 38.0 52.4 332 19.2 SM 21.5 47.1 44 323
Era B 2.659 40.6 13.1 0.17 355 8.0 26.4 36.4 29.2 7.2 SM 22.8 30.7 4.7 30.7
Sabaki B 2.668 54.7 2.7 0.17 40.6 9.1 30.5 453 28.0 17.3 SM 329 28.0 6.8 27.8
Nagao 2.674 47.6 3.1 0.11 453 11.5 24.3 37.0 29.3 7.7 SM 335 29.7 1.5 29.7
Tsuziyama C 2.700 41.8 15.8 0.13 44.0 8.5 27.6 48.5 35.7 12.8 SM 10.1 52.6 0.0 39.5
Tonogawa A 2.600 16.9 20.2 1.4 7.2 2.6 10.5 - - - S-M 17.8 48.6 5.8 48.6
Hirakashige 2.670 30.6 4.0 0.38 24.4 3.8 44.9 39.8 29.6 10.2 SM 26.9 36.4 6.4 36.4
Noda B 2.690 15.0 8.3 0.045 64.9 12.8 31.1 38.4 24.7 13.7 MH - - - -
Noda C 2.660 16.7 3.1 0.060 60.6 11.5 31.7 389 31.7 7.2 ML 27.6 30.8 14.4 27.0
Tabira A 2.740 63.3 5.9 0.070 50.7 11.0 25.7 55.7 333 22.4 MH - - - -
Sakura C 2.650 37.1 35 0.15 38.4 3.7 333 40.7 31.2 9.5 SM 40.1 33.1 5.6 27.6
Tsurugatani 2.660 31.5 7.3 0.055 76.8 20.0 49.9 53.2 32.7 20.5 MH - - - -
Hatake C 2.530 116.7 16.2 0.92 20.6 44 10.6 40.9 34.1 6.8 SM - - - -
Besho A 2.666 46.9 2.0 0.13 39.5 10.1 244 34.5 30.1 4.4 SM 29.9 28.5 4.7 26.2
Hukitan 2.690 29.0 4.8 0.16 38.2 6.0 19.8 34.8 25.0 9.8 SM 10.1 43.1 0.0 33.0
Takagishi 2.646 75.3 18.6 0.37 232 6.8 14.3 23.5 20.6 2.9 SM 25.8 359 3.6 27.9
Hotoketouge 2.660| 276.7 30.1 6.4 11.4 4.2 - 33.8 18.6 15.2 G-M - - - -
Shimoukegawa| 2.680 44.6 4.8 0.13 38.1 4.8 - 329 19.4 13.5 SM - - - -
Yoshiki 2.690 27.3 9.5 0.040 58.3 14.8 - 34.4 25.6 8.8 ML 10.8 36.5 3.5 36.2
Yahata 2.629 142.9 232 1.0 48.0 8.6 - 39.2 24.3 14.9 GM - - - -
Okiura 2.644 - 6.0 0.14 55.0 22.0 - 43.5 24.5 19.0 CL - - - -
Tononhu 2.614 391.3 6.3 0.90 26.8 12.0 - 239 18.7 5.2 SM - - - -
Toyohara 2.643 113.6 25.6 0.50 44.2 11.0 - 26.2 17.5 8.7 SM - - - -
Tenigadake 2.706 - 14.7 0.83 35.5 19.0 - 41.6 239 17.7 SC 413 29.7 6.3 29.2
Tashiro A 2.658 15.0 7.01  0.027 85.8 20.8 - 43.5 332 10.3 ML 259 30.5 6.5 24.3
Kottoi 2.618 24.0 3.6 0.24 34.0 59 - 30.2 23.7 6.5 SM - - - -
Hijuu 2.697 91.2 214 0.52 46.8 9.0 - 48.5 22.3 26.2 GM 26.8 252 0.0 24.1
Kuranoue 2.697 93.8 233 0.30 37.7 12.2 - 31.5 22.7 8.8 SM - - - -
Tachino A 2.735 258.1 349 8.0 19.0 3.0 - 29.3 25.7 3.6 GM - - - -
Nijoukubo 2.659 18.8 133 0.15 56.1 7.5 - 30.7 21.6 9.1 CL 34.1 33.2 0.0 29.5
Oshio 2.710 53.8 17.1 2.7 9.6 2.7 36.7 - - - G-M - - - -
Kisui 2.730 - 6.0] 0.055 93.6 16.0 53.0 67.6 35.7 31.9 MH 27.1 23.5 15.0 22.8
Niho 2.780 70.9 144 0.075 49.8 8.0 229 36.1 26.1 10.0 GM - - - -
- : unknown data
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Fig.4 Internal friction angles, ¢ 4, and ¢ 4 for Fig.5 Cohesion, ¢4, and cg for each surface soil
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respectively.
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