
Appendix-5.5 
Soil Test Result 



Soil Test Result of Pit1-Pit6
Pit１ Pit2 Pit3 Pit4 Pit5 Pit6

<Grain size 4.75mm 2.681 2.666 2.817 2.510 2.771 2.518 Avg. 2.661

4.75～37.5mm 2.555 2.560 2.565 2.549 2.559 2.577 Avg. 2.561

37.5～75mm 2.550 2.557 2.573 2.545 2.544 2.571 Avg. 2.557

>75mm 2.615 2.610 2.620 2.635 2.676 2.614 Avg. 2.628

<75mm 2.596 2.592 2.679 2.535 2.632 2.556 Avg. 2.598

<Dmax 2.601 2.603 2.673 2.603 2.640 2.564 Avg. 2.614

4.75～37.5mm 1.28 1.42 1.36 1.22 1.48 0.88 Avg. 1.27

37.5～75mm 1.30 1.22 1.00 0.95 0.86 0.84 Avg. 1.03

>75mm 0.58 0.83 0.72 0.49 0.23 0.94 Avg. 0.63

<75mm 1.3 1.4 1.3 1.1 1.4 0.9 Avg. 1.22

<Dmax 1.1 1.0 1.3 0.7 1.1 0.9

<37.5mm 8.67 9.28 7.03 10.84 8.18 6.33

37.5～75mm 3.08 2.20 2.37 4.46 2.26 2.56

>75mm 1.76 1.45 1.25 1.67 1.51 1.50

<75mm 7.1 7.5 6.5 8.7 7.0 5.0 平均 7.0

<Dmax 5.6 3.8 6.0 3.8 5.9 4.5 平均 4.9

300 350 300 350 310 300

Boulder Part >300mm 3.0 24 0 17 2 0

Cobble Part 75mm～300mm 25.0 37 9 52 18 14

37.5mm～75mm 20.7 9.8 11.1 10.5 15.4 30.7

4.75mm～37.5mm 26.5 16.7 37.1 10.4 34.5 28.7

Sand Part　 0.075mm～4.75mm 18.3 9.2 37.5 8.4 25.7 22.7

Silt & Clay Part<0.075mm 6.5 3.3 5.3 1.7 4.4 3.9

60% Diameter D60 51 170 15 150 32 40

50% Diameter D50 34 110 9.5 110 22 32

30% Diameter D30 9.9 38 1 73 4.75 10

20% Diameter D20 1.3 17 0.34 35 0.76 0.9

10% Diameter D10 0.16 1.9 0.15 4.7 0.18 0.21

Uniformity Coefficient Uc=D60/D10 318.8 89.5 100.0 31.9 177.8 190.5

Coefficient of Curvature Uc'=D30/（D10・D60) 12.0 4.5 0.4 7.6 3.9 11.9

<75mm 1.755 1.621 1.765 1.679 1.759 1.735

<Dmax 1.933 2.108 1.818 2.245 1.887 1.821

<75mm 1.640 1.508 1.658 1.545 1.644 1.653

<Dmax 1.831 2.031 1.715 2.162 1.781 1.743

Natural Water Contetnt
 Wi (%)

Minimum
Density

(g/cm3)

Wet Density
ρｔmin

Dry Density
ρdmin

Specific Gravity of Soil ρS

Specific Gravity in oven dried
condition

 DDi (g/cm
3
)

Coefficient of Water Absorption
 Qi (%)

Combained Water Absorption
 Q = ∑fi・Qi/100

Combined Specific Gravity

 DD = １/∑{(fi/100)/Di}  (g/cm
3
)

Grain Size
Distribution

 (%)

G
ra

in
 S

iz
e

Maximum Grain Size Dmax (mm)

ASTM Uc≧4 and 1≦Uc'≦3:Well-graded Gravel

JGS Uc≧10:Well-graded

Pit4 relatively contains the boulder as grain size
300mm or more.

Pit2 has contained a boulder of 120kg. In fact,  the rate of more
than 300mm is expected smaller than test result.

Calculated from correction of gravel content method  defined by
Walker-Holtz.
Ｐｉｔ2,4 are beyond the limits of Walker-Holtz method, because
the content of more than grain size 75mm is 30% or more.

Caluculated by the wet density test result of less
than grain size 75mm

Calculated by Dry density and Water content

Gravel Part　

Item

Passing
Diameter
Di (mm)

ditto

The average of Field density test material and
Filed sieve test material

fi：Percentage composition of each grain size

Remarks

Classification of grain size is according to
ASTMD653

by field density test

Combained Water Content
 Wn = ∑fi・Wi/100

<75mm 0.583 0.719 0.615 0.641 0.601 0.547

<Dmax 0.421 0.282 0.559 0.204 0.483 0.472

<75mm 2.290 2.179 2.366 2.317 2.351 2.244

<Dmax 2.376 2.432 2.392 2.530 2.408 2.287

<75mm 2.139 2.027 2.223 2.132 2.196 2.138

<Dmax 2.251 2.343 2.257 2.436 2.273 2.189

<75mm 0.213 0.279 0.205 0.189 0.198 0.196

<Dmax 0.156 0.111 0.184 0.069 0.162 0.171

ρｔmax×95% (g/cm3) 2.258 2.311 2.273 2.403 2.287 2.173

γｔmax×95% (kN/m
3
) 22.1 22.7 22.3 23.6 22.4 21.3 Pit1,3,5,6 Avg. 22.0

Dry Density　     ρdmax×95% (g/cm
3
) 2.138 2.226 2.144 2.314 2.159 2.079 Estimeted by <Dmax

Void Ratio　　     ｅ 0.216 0.169 0.247 0.125 0.223 0.233 Pit1,3,5,6 Avg. 0.230
Relative Density Dr=(emax-e)/(emax-emin)×100% 77.1 65.7 83.4 58.5 80.9 79.5 Pit1,3,5,6 Avg. 80.2

ρｔmax×95% (g/cm
3
) 2.139 2.189 2.153 2.277 2.167 2.058

γｔmax×95% (kN/m
3
) 21.0 21.5 21.1 22.3 21.3 20.2 Pit1,3,5,6 Avg. 20.9

Dry Density     　ρdmax×90% (g/cm3) 2.026 2.109 2.031 2.193 2.046 1.970 Estimeted by <Dmax

Void Ratio　　     ｅ 0.284 0.234 0.316 0.187 0.291 0.302 Pit1,3,5,6 Avg. 0.298

Relative Density Dr=(emax-e)/(emax-emin)×100% 51.6 27.7 64.9 12.3 59.8 56.6 Pit1,3,5,6 Avg. 58.2

300 350 300 350 310 300

ρｔ (g/cm
3
) 2.058 1.927 2.046 2.076 2.546 2.128 Pit1,2,3,4,6 Avg. 2.047

γｔ＝9.81×ρｔ (kN/m
3
) 20.2 18.9 20.1 20.4 25.0 20.9 Pit1,2,3,4,6 Avg. 20.1

1.949 1.856 1.931 1.999 2.404 2.037 Caluculated by the wet density test result

0.334 0.403 0.385 0.302 0.098 0.259 Pit1,2,3,4,6 Avg. 0.337

Relative Density   Dr=(emax-e)/(emax-emin)×100% 32.6 -70.9 46.5 -72.6 119.7 70.8 Pit1,3,6 Avg. 50.0
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Maximum Grain Size of test pit　(mm)

Minimum Void Ratio  emin

Dry Density    　ρd (g/cm
3
)

Void Ratio         　e

ρdmax×90%
State

Quantity

Maximum Void Ratio emax

Maximum
Density

(g/cm3)

Wet Density
ρｔmax

Dry Density
ρdmax
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ρdmax×95%
State

Quantity

Wet Density

Calculated from correction of gravel content
method  defined by Walker-Holtz

Caluculated by the wet density test result of less
than grain size 75mm

Calculated by Dry density and Water content

Calculated by Dry density and Water content

Calculated by Dry density and Water content

Wet Density

Wet Densty

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Sta.17+600 Location of Investigation 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Pit1,2：set up the Gabion2 where cobbles of Dmax300mm or 
more are distributed on slope ground surface 
Pite3,4：set between Gabion2 and Gabion 3 
Pi5,6：set at toe‐of slope of counterweight fill 

 
Photo 1: Location                 Photo 2: Location 
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Location Dhungre Bhanjyang Tested by KB
Test Pit: Pit 1 Date
Sample Size:

1 >75 mm
2 75 - 37.5 mm
3 37.5 - 4.75 mm

>75 mm 75-37.5 mm 37.5-4.75 mm
Sample No. 1 2 3

Description Weight Weight 
(gm) (gm)

Mass of submerged density basket and saturated sample, M1 3,970.00   3,441.00    4,055.00          

Mass of submerged empty density basket, M2 1,320.00   1,320.00    1,320.00          

Mass of saturated surface dried test sample in air, B 4,275.00   3,460.00    4,457.00          

Mass of oven dried test sample, A 4,250.00   3,415.00    4,400.00          

Mass of saturated test sample in water, C (M1 - M2) 2,650.00   2,121.00    2,735.00          

CALCULATIONS
1 2 3

Specific Gravity:

a) Bulk Sp. Gr = A/(B-C) 2.615 2.550 2.555

b) Bulk Sp Gr (saturated surface dry)
                       = B/(B-C) 2.631 2.584 2.588

(c ) Apparent Sp Gr 2.656 2.639 2.643
                       = A/(A-C)

(d) (d) Water Absorption         0.58 1.30 1.28
                       = (B-A)/A*100

GEOCE CONSULTANTS (P) LTD

SPECIFIC GRAVITY & WATER ABSORPTION TEST

September 2011

Topographical and Geological Surveys for the Preparatory Survey for the Project for Countermeasure Construction for
Landslides on Sindhuli Road (Section II)

Location Dhungre Bhanjyang Tested by KB
Test Pit: Pit 2 Date
Sample Size:

1 >75 mm
2 75 - 37.5 mm
3 37.5 - 4.75 mm

>75 mm 75-37.5 mm 37.5-4.75 mm
Sample No. 1 2 3

Description Weight Weight 
(gm) (gm)

Mass of submerged density basket and saturated sample, M1 4,690.00   3,830.00    5,075.00          

Mass of submerged empty density basket, M2 1,320.00 1,320.00  1,320.00        

Mass of saturated surface dried test sample in air, B 5,435.00   4,090.00    6,107.00          

Mass of oven dried test sample, A 5,390.00   4,040.00    6,020.00          

Mass of saturated test sample in water, C (M1 - M2) 3,370.00   2,510.00    3,755.00          

CALCULATIONS
1 2 3

Specific Gravity:

a) Bulk Sp. Gr = A/(B-C) 2.610 2.557 2.560

b) Bulk Sp Gr (saturated surface dry)
                       = B/(B-C) 2.632 2.589 2.597

(c ) Apparent Sp Gr 2.668 2.641 2.658
                       = A/(A-C)

(d) (d) Water Absorption         0.83 1.22 1.42
                       = (B-A)/A*100

GEOCE CONSULTANTS (P) LTD
Topographical and Geological Surveys for the Preparatory Survey for the Project for Countermeasure Construction for

Landslides on Sindhuli Road (Section II)

SPECIFIC GRAVITY & WATER ABSORPTION TEST

September 2011
Location Dhungre Bhanjyang Tested by KB
Test Pit: Pit 3 Date
Sample Size:

1 >75 mm
2 75 - 37.5 mm
3 37.5 - 4.75 mm

>75 mm 75-37.5 mm 37.5-4.75 mm
Sample No. 1 2 3

Description Weight Weight 
(gm) (gm)

Mass of submerged density basket and saturated sample, M1 3,910.00   2,855.00    5,020.00          

Mass of submerged empty density basket, M2 1,320.00 1,320.00  1,320.00        

Mass of saturated surface dried test sample in air, B 4,170.00   2,495.00    6,012.00          

Mass of oven dried test sample, A 4,140.00   2,470.00    5,930.00          

Mass of saturated test sample in water, C (M1 - M2) 2,590.00   1,535.00    3,700.00          

CALCULATIONS
1 2 3

Specific Gravity:

a) Bulk Sp. Gr = A/(B-C) 2.620 2.573 2.565

b) Bulk Sp Gr (saturated surface dry)
                       = B/(B-C) 2.639 2.599 2.600

(c ) Apparent Sp Gr 2.671 2.642 2.659
                       = A/(A-C)

(d) (d) Water Absorption         0.72 1.00 1.36
                       = (B-A)/A*100

GEOCE CONSULTANTS (P) LTD
Topographical and Geological Surveys for the Preparatory Survey for the Project for Countermeasure Construction for

Landslides on Sindhuli Road (Section II)

SPECIFIC GRAVITY & WATER ABSORPTION TEST

September 2011
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Location Dhungre Bhanjyang Tested by KB
Test Pit: Pit 4 Date
Sample Size:

1 >75 mm
2 75 - 37.5 mm
3 37.5 - 4.75 mm

>75 mm 75-37.5 mm 37.5-4.75 mm
Sample No. 1 2 3

Description Weight Weight 
(gm) (gm)

Mass of submerged density basket and saturated sample, M1 2,960.00   2,800.00    3,825.00          

Mass of submerged empty density basket, M2 1,320.00   1,320.00    1,320.00          

Mass of saturated surface dried test sample in air, B 2,635.00   2,423.00    4,090.00          

Mass of oven dried test sample, A 2,622.00   2,400.00    4,040.00          

Mass of saturated test sample in water, C (M1 - M2) 1,640.00   1,480.00    2,505.00          

CALCULATIONS
1 2 3

Specific Gravity:

a) Bulk Sp. Gr = A/(B-C) 2.635 2.545 2.549

b) Bulk Sp Gr (saturated surface dry)
                       = B/(B-C) 2.648 2.569 2.580

(c ) Apparent Sp Gr 2.670 2.609 2.632
                       = A/(A-C)

(d) (d) Water Absorption         0.49 0.95 1.22
                       = (B-A)/A*100

GEOCE CONSULTANTS (P) LTD
Topographical and Geological Surveys for the Preparatory Survey for the Project for Countermeasure Construction for

Landslides on Sindhuli Road (Section II)

SPECIFIC GRAVITY & WATER ABSORPTION TEST

September 2011
Location Dhungre Bhanjyang Tested by KB
Test Pit: Pit 5 Date
Sample Size:

1 >75 mm
2 75 - 37.5 mm
3 37.5 - 4.75 mm

>75 mm 75-37.5 mm 37.5-4.75 mm
Sample No. 1 2 3

Description Weight Weight 
(gm) (gm)

Mass of submerged density basket and saturated sample, M1 4,020.00   2,812.00    4,020.00          

Mass of submerged empty density basket, M2 1,320.00   1,320.00    1,320.00          

Mass of saturated surface dried test sample in air, B 4,305.00   2,445.00    4,390.00          

Mass of oven dried test sample, A 4,295.00   2,424.00    4,325.00          

Mass of saturated test sample in water, C (M1 - M2) 2,700.00   1,492.00    2,700.00          

CALCULATIONS
1 2 3

Specific Gravity:

a) Bulk Sp. Gr = A/(B-C) 2.676 2.544 2.559

b) Bulk Sp Gr (saturated surface dry)
                       = B/(B-C) 2.682 2.566 2.598

(c ) Apparent Sp Gr 2.693 2.601 2.662
                       = A/(A-C)

(d) (d) Water Absorption         0.23 0.86 1.48
                       = (B-A)/A*100

GEOCE CONSULTANTS (P) LTD
Topographical and Geological Surveys for the Preparatory Survey for the Project for Countermeasure Construction for

Landslides on Sindhuli Road (Section II)

SPECIFIC GRAVITY & WATER ABSORPTION TEST

September 2011

Location Dhungre Bhanjyang Tested by KB
Test Pit: Pit 6 Date
Sample Size:

1 >75 mm
2 75 - 37.5 mm
3 37.5 - 4.75 mm

>75 mm 75-37.5 mm 37.5-4.75 mm
Sample No. 1 2 3

Description Weight Weight 
(gm) (gm)

Mass of submerged density basket and saturated sample, M1 3,433.00   3,077.00    4,055.00          

Mass of submerged empty density basket, M2 1,320.00 1,320.00  1,320.00        

Mass of saturated surface dried test sample in air, B 3,402.00   2,860.00    4,445.00          

Mass of oven dried test sample, A 3,370.00   2,836.00    4,406.00          

Mass of saturated test sample in water, C (M1 - M2) 2,113.00   1,757.00    2,735.00          

CALCULATIONS
1 2 3

Specific Gravity:

a) Bulk Sp. Gr = A/(B-C) 2.614 2.571 2.577

b) Bulk Sp Gr (saturated surface dry)
                       = B/(B-C) 2.639 2.593 2.599

(c ) Apparent Sp Gr 2.681 2.628 2.637
                       = A/(A-C)

(d) (d) Water Absorption         0.94 0.84 0.88
                       = (B-A)/A*100

GEOCE CONSULTANTS (P) LTD
Topographical and Geological Surveys for the Preparatory Survey for the Project for Countermeasure Construction for

Landslides on Sindhuli Road (Section II)

SPECIFIC GRAVITY & WATER ABSORPTION TEST

September 2011

TP No: Pit 1

F1 Wt of wet soil + Pan, gm 1705 1405 1140 895
F2 Wt of dry soil + Pan, gm 1560 1300 1107 865
F3 Wt of can, gm 98.5 110.2 69.4 92.5
F4 wt of water (F1-F2), gm 145.00 105.00 33.00 30.00
F5 wt. of dry soil (F2-F3), gm 1461.50 1189.80 1037.60 772.50
F6 Water content (F4/F5*100), % 9.92 8.83 3.18 3.88

Average water content (%)

TP No: Pit 2

F1 Wt of wet soil + Pan, gm 1075 1170 1402 1516
F2 Wt of dry soil + Pan, gm 981 1090 1375 1500
F3 Wt of can, gm 74.3 80 82.1 74.4
F4 wt of water (F1-F2), gm 94.00 80.00 27.00 16.00
F5 wt. of dry soil (F2-F3), gm 906.70 1010.00 1292.90 1425.60
F6 Water content (F4/F5*100), % 10.37 7.92 2.09 1.12

Average water content (%)

TP No: Pit 3

F1 Wt of wet soil + Pan, gm 1780 1770 1160 985
F2 Wt of dry soil + Pan, gm 1660 1670 1149 960
F3 Wt of can, gm 135 158.1 84.9 90.7
F4 wt of water (F1-F2), gm 120.00 100.00 11.00 25.00
F5 wt. of dry soil (F2-F3), gm 1525.00 1511.90 1064.10 869.30
F6 Water content (F4/F5*100), % 7.87 6.61 1.03 2.88

Average water content (%)

Water Content Determination
<37.5 mm 37.5 - 75 mm >75 mm

GEOCE CONSULTANTS (P) LTD.
Topographical and Geological Surveys for the Preparatory Survey for the Project for Coutermeasure

Construction for Landslides on Sindhuli Road (Section II)

Natural Moisture ContentTests

9.37 3.53 0.00

Water Content Determination
<37.5 mm 37.5 - 75 mm >75 mm

>75 mm

7.24 1.95 0.00

<37.5 mm 37.5 - 75 mm

9.14 1.61 0.00

Water Content Determination
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TP No: Pit 4

F1 Wt of wet soil + Pan, gm 1140 1055 905 1172
F2 Wt of dry soil + Pan, gm 1035 973 875 1144
F3 Wt of can, gm 99.9 74 70 79.3
F4 wt of water (F1-F2), gm 105.00 82.00 30.00 28.00
F5 wt. of dry soil (F2-F3), gm 935.10 899.00 805.00 1064.70
F6 Water content (F4/F5*100), % 11.23 9.12 3.73 2.63

Average water content (%)

TP No: Pit 5

F1 Wt of wet soil + Pan, gm 2000 2000 1465
F2 Wt of dry soil + Pan, gm 1860 1855 1440
F3 Wt of can, gm 154.7 137 136.3
F4 wt of water (F1-F2), gm 140.00 145.00 25.00
F5 wt. of dry soil (F2-F3), gm 1705.30 1718.00 1303.70
F6 Water content (F4/F5*100), % 8.21 8.44 1.92

Average water content (%)

TP No: Pit 6

F1 Wt of wet soil + Pan, gm 915 837 965 618
F2 Wt of dry soil + Pan, gm 872 790 943 603
F3 Wt of can, gm 79.5 67 57.8 65.3
F4 wt of water (F1-F2), gm 43.00 47.00 22.00 15.00
F5 wt. of dry soil (F2-F3), gm 792.50 723.00 885.20 537.70
F6 Water content (F4/F5*100), % 5.43 6.50 2.49 2.79

Average water content (%)

GEOCE CONSULTANTS (P) LTD.
Topographical and Geological Surveys for the Preparatory Survey for the Project for Coutermeasure

Construction for Landslides on Sindhuli Road (Section II)

Natural Moisture ContentTests

Water Content Determination
<37.5 mm 37.5 - 75 mm >75 mm

10.17 3.18 0.00

Water Content Determination
<37.5 mm 37.5 - 75 mm >75 mm

5.96 2.64 0.00

8.32 1.92 0.00

Water Content Determination
<37.5 mm 37.5 - 75 mm >75 mm
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Soil Test Result of　Riverbed (Adheri Khola:A1～A3, Ghong　Khola:G1～G3, Kamala River:K1～K3）
A1 A2 A3 G1 G2 G3 K1 K2 K3 Remarks

<Grain size 4.75mm 2.657 2.319 2.637 2.548 2.295 2.405 2.579 2.342 2.833

4.75～37.5mm 2.649 2.649 2.649 2.655 2.655 2.655 2.595 2.595 2.595

37.5～75mm 2.634 2.634 2.634 2.675 2.675 2.675 2.589 2.589 2.589

>75mm 2.638 2.638 2.638 2.619 2.619 2.619 2.615 2.615 2.615

<75mm 2.649 2.495 2.639 2.610 2.462 2.519 2.589 2.492 2.676

<Dmax 2.648 2.525 2.639 2.611 2.468 2.525 2.595 2.511 2.664

4.75～37.5mm 0.71 0.71 0.71 1.10 1.10 1.10 0.52 0.52 0.52

37.5～75mm 0.68 0.68 0.68 0.63 0.63 0.63 0.56 0.56 0.56

>75mm 0.66 0.66 0.66 1.46 1.46 1.46 0.09 0.09 0.09

<75mm 0.7 0.7 0.7 1.0 1.1 1.0 0.5 0.5 0.5

<Dmax 0.7 0.7 0.7 1.0 1.1 1.1 0.4 0.5 0.4

<37.5mm 1.15 2.24 2.31 3.17 3.89 4.36 2.26 2.67 2.42
The average of Field density test material and Filed sieve
test material

37.5～75mm 0.49 0.68 0.96 2.21 0.63 0.78 1.29 0.81 1.09 ditto

>75mm 0.48 0.46 0.43 1.46 1.46 1.46 0.67 0.72 0.25 by field density test

<75mm 1.0 1.9 2.0 3.0 3.6 3.9 2.1 2.1 2.2

<Dmax 0.9 1.6 1.7 2.9 3.5 3.8 1.8 1.9 1.8

200 300 300 150 150 300 300 200 300

Boulder Part >300mm 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Classification of grain size is according to ASTMD653

Cobble Part 75mm～300mm 13.0 22.0 20.0 7.1 4.0 6.0 23.0 16.0 20.0

37.5mm～75mm 20.1 16.3 20.4 20.0 8.5 11.0 14.4 25.7 15.2

4.75mm～37.5mm 27.5 28.5 19.2 31.5 39.1 33.4 38.0 26.6 35.5

Sand Part　 0.075mm～4.75mm 38.9 32.0 38.8 40.9 47.2 47.3 24.3 31.5 28.3

Silt & Clay Part <0.075mm 0.5 1.2 1.6 0.5 1.2 2.3 0.3 0.2 1.0

60% Diameter D60 28.0 36.0 37.0 18.0 9.0 10.5 32.0 40.0 31.0

50% Diameter D50 14 20 15 9.1 6.4 4.8 22 25 21

30% Diameter D30 1.8 2 1.5 1.8 1.8 1.6 8 4 5

20% Diameter D20 0.88 0.95 0.71 0.95 0.85 0.65 2.5 1.8 1.7

10% Diameter D10 0.46 0.46 0.31 0.5 0.45 0.24 0.65 0.6 0.52

Uniformity Coefficient Uc=D60/D10 60.9 78.3 119.4 36.0 20.0 43.8 49.2 66.7 59.6 JGS Uc≧10 : Well-graded

Coefficient of Curvature Uc'=D30/（D10・D60) 0.3 0.2 0.2 0.4 0.8 1.0 3.1 0.7 1.6 ASTM Uc≧4 and 1≦Uc'≦3:Well-graded Gravel

<75mm 1.974 1.918 1.889 1.817 1.918 1.798 1.805 1.850 1.870

<Dmax 2.041 2.041 2.002 1.858 1.939 1.832 1.944 1.941 1.981 Calculated by Dry density and Water content

Combained Water Absorption
 Q = ∑fi・Qi/100

Specific Gravity of Soil ρS （g/cm
3
）

Specific Gravity in oven dried
condition

 DDi (g/cm
3
)

Coefficient of Water Absorption
 Qi (%)

Combined Specific Gravity

 DD = １/∑{(fi/100)/Di}  (g/cm3)

Grain Size
Distribution

 (%)

G
ra

in
 S

iz
e

Maximum Grain Size Dmax (mm)

Natural Water Contetnt
 Wi (%)

Minimum

Wet Density
ρｔmin

Combained Water Content
 Wn = ∑fi・Wi/100

fi：Percentage composition of each grain size

Item

Gravel Part　

Passing
Diameter
Di (mm)

The sample picked up from 3pits of each river was mixed
and tested

ditto

<Dmax 2.041 2.041 2.002 1.858 1.939 1.832 1.944 1.941 1.981 Calculated by Dry density and Water content

<75mm 1.954 1.882 1.852 1.764 1.851 1.729 1.768 1.812 1.830
Caluculated by the wet density test result of less than grain
size 75mm

<Dmax 2.023 2.009 1.970 1.806 1.873 1.765 1.910 1.906 1.947
Calculated from correction of gravel content method
defined by Walker-Holtz.

<75mm 0.355 0.326 0.425 0.480 0.330 0.457 0.464 0.375 0.462

<Dmax 0.309 0.257 0.340 0.446 0.317 0.430 0.358 0.318 0.368

<75mm 2.224 2.227 2.225 2.247 2.262 2.225 2.224 2.124 2.236

<Dmax 2.272 2.288 2.298 2.271 2.271 2.242 2.302 2.179 2.310 Calculated by Dry density and Water content

<75mm 2.202 2.185 2.183 2.182 2.184 2.140 2.179 2.080 2.188
Caluculated by the wet density test result of less than grain
size 75mm

<Dmax 2.251 2.252 2.261 2.208 2.194 2.160 2.263 2.139 2.269
Calculated from correction of gravel content method
defined by Walker-Holtz.

<75mm 0.203 0.142 0.209 0.196 0.127 0.177 0.188 0.198 0.223

<Dmax 0.176 0.121 0.167 0.183 0.125 0.169 0.147 0.174 0.174

Wet Densty　     ρｔmax×95% (g/cm
3
) 2.159 2.173 2.183 2.157 2.157 2.130 2.187 2.070 2.194 Estimeted by <Dmax

Dry Density　     ρdmax×95% (g/cm3) 2.139 2.139 2.148 2.097 2.084 2.052 2.149 2.032 2.156

Void Ratio　　     ｅ 0.238 0.180 0.229 0.245 0.184 0.230 0.207 0.236 0.236

Relative Density Dr=(emax-e)/(emax-emin)×100% 53.5 56.5 64.4 76.3 69.2 76.5 71.4 57.0 68.2

Wet Densty　     ρdmax×90% (g/cm
3
) 2.045 2.059 2.068 2.044 2.044 2.018 2.072 1.961 2.079 Estimeted by <Dmax

Dry Density     　ρdmax×90% (g/cm
3
) 2.026 2.027 2.035 1.987 1.974 1.944 2.036 1.925 2.042

Void Ratio　　     ｅ 0.307 0.246 0.297 0.314 0.250 0.299 0.274 0.304 0.304

Relative Density Dr=(emax-e)/(emax-emin)×100% 1.8 8.1 24.8 50.1 35.1 50.3 39.7 9.3 32.9

200 200 150 100 150 150

ρｔ (g/cm
3
) 2.295 2.412 2.327 1.990 2.271 2.243

γｔ＝9.81×ρｔ (kN/m
3
) 22.5 23.7 22.8 19.5 22.3 22.0

2.274 2.372 2.242 1.956 2.229 2.204

0.164 0.112 0.126 0.327 0.126 0.208

Relative Density   Dr=(emax-e)/(emax-emin)×100% 108.9 131.8 116.3 14.9 133.1 82.1

Dry Density
ρdmin

C
o
m

p
ac

ti
o
n 

C
h
ar

ac
te

ri
st

ic

Maximum
Density

(g/cm3)

Wet Density
ρｔmax

F
ie

ld
 D

en
st

y

Maximum Grain Size of test pit　(mm)

Minimum
Density

(g/cm
3
)

Minimum Void Ratio  emin

Dry Density    　ρd (g/cm
3
)

Dry Density
ρdmax

ρdmax×95%

Void Ratio         　e

ρdmax×90%

Maximum Void Ratio emax

Wet Density
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Borrow Pit 
Name/ 

Comparison Item 
I Adheri Khola  II Ghong Khola  III Kamala River 

Notes 
(basis 
etc.) 

Conditions of Location and Environm
ent 

Distance  from 
Embankment 
Area 

19km  14km  25km 

Land Owners  

Private Land 
 

 
1 points 

Public Land 
Private Land if not 

enough 
2points 

Public Land  
 

 
3points 

By field 
inspectio

n 

Approach 
Road 

Existing Road  Existing Road Existing Road

Influence  on 
Farm  Facility 

There is uncultivated 
land 

nothing  nothing 

Influence  on 
Riverbed 
Lowering 

Since  the  riverbed 
(public  land)  is  lower 
than  the  surrounding 
land  not  less  than  2m, 
excavation is difficult. 
 
 
 

1 points 

Since  the  riverbed 
(public  land)  is 
narrow(about  20‐m 
width) and sandbank is 
not  large and  thin,  the 
digging of  large area  is 
necessary  for  avoid 
riverbed lowering  

2 points 

Since  sandbank 
accumulate  large  area 
and thick, the influence 
of  riverbed  lowering  is 
low. 
 
 
 
 

3 points 

Others 
Under collecting  from 
private  land  by 
Hazama 

Under  collecting  
from  public  land  by 
local company  

Under  collecting  
from  public  land  by 
public works, etc.  

Quality  of Riverbed 
Material 

Sand  and  Gravel 
contain 
Cobbles(particle  size 
75~300  mm)  and 
Boulders(particle  size 
300 mm or more)  

2 points 

Sand and Gravel 
contain Cobbles 

 
 
 

3 points 

Sand and Gravel 
contain Cobbles 

 
 
 

3 points 

By soil 
investigat

ion 

Quantity 
Medium 
2 points 

Small
1 point 

Large
3 points 

By field 
inspectio

n 
 Cost 

Material  Cost 
(DOR) 

Several times of 
167NR  
1 points 

Several times of 
167NR  

１ points 

About 167NR 
 

3 points 

Transport 
Cost (JAPAN) 

Middle 
2 points 

Short
3 points 

Long
1 point 

Sum  A little High  Low  Low 

Comprehensive 
Evaluation 

9Points  12 points  16points   

I Adheri Khola 
Location：Sta.37+000 Existing borrow pit 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Crushed stone

Borrow Area 

Existing Liver

Materials of existing borrow pit

Boulders divided by grizzly

Boulders remained by 
excavation 

Existing Liver: Many Boulders

II Ghong Khola 
 
   

Existing digging point  
III Kamala River 
Upper side of Kamala Bridge 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Lower side of Kamala Bridge 
 
 

Tributary stream

Sandbank  Width 100m or more
          Length 500m or more

A5-5-7
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Location Ghong Khola Tested by KB
Test Pit: G 1, G 2 & G 3 Date
Sample Size:

1 >75 mm
2 75 - 37.5 mm
3 37.5 - 4.75 mm

>75 mm 75-37.5 mm 37.5-4.75 mm
Sample No. 1 2 3

Description Weight Weight 
(gm) (gm)

Mass of submerged density basket and saturated sample, M1 4,346.00   3,010.00    4,460.00          

Mass of submerged empty density basket, M2 1,320.00   1,320.00    1,320.00          

Mass of saturated surface dried test sample in air, B 4,851.00   2,689.00    5,004.00          

Mass of oven dried test sample, A 4,780.00   2,672.00    4,949.00          

Mass of saturated test sample in water, C (M1 - M2) 3,026.00   1,690.00    3,140.00          

CALCULATIONS
1 2 3

Specific Gravity:

a) Bulk Sp. Gr = A/(B-C) 2.619 2.675 2.655

b) Bulk Sp Gr (saturated surface dry)
                       = B/(B-C) 2.658 2.692 2.685

(c ) Apparent Sp Gr 2.725 2.721 2.736
                       = A/(A-C)

(d) (d) Water Absorption         1.46 0.63 1.10
                       = (B-A)/A*100

GEOCE CONSULTANTS (P) LTD
Topographical and Geological Surveys for the Preparatory Survey for the Project for Countermeasure Construction for

Landslides on Sindhuli Road (Section II)

SPECIFIC GRAVITY & WATER ABSORPTION TEST

September 2011
Location Andheri Khola Tested by KB
Test Pit: A 1, A 2 & A 3 Date
Sample Size:

1 >75 mm
2 75 - 37.5 mm
3 37.5 - 4.75 mm

>75 mm 75-37.5 mm 37.5-4.75 mm
Sample No. 1 2 3

Description Weight Weight 
(gm) (gm)

Mass of submerged density basket and saturated sample, M1 3,505.00   3,330.00    4,130.00          

Mass of submerged empty density basket, M2 1,320.00   1,320.00    1,320.00          

Mass of saturated surface dried test sample in air, B 3,505.00   3,227.00    4,495.00          

Mass of oven dried test sample, A 3,482.00   3,205.00    4,463.00          

Mass of saturated test sample in water, C (M1 - M2) 2,185.00   2,010.00    2,810.00          

CALCULATIONS
1 2 3

Specific Gravity:

a) Bulk Sp. Gr = A/(B-C) 2.638 2.634 2.649

b) Bulk Sp Gr (saturated surface dry)
                       = B/(B-C) 2.655 2.652 2.668

(c ) Apparent Sp Gr 2.685 2.682 2.700
                       = A/(A-C)

(d) (d) Water Absorption         0.66 0.68 0.71
                       = (B-A)/A*100

GEOCE CONSULTANTS (P) LTD

SPECIFIC GRAVITY & WATER ABSORPTION TEST

September 2011

Topographical and Geological Surveys for the Preparatory Survey for the Project for Countermeasure Construction for
Landslides on Sindhuli Road (Section II)

Location Kamala River Tested by KB
Test Pit: K 1, K 2 & K 3 Date
Sample Size:

1 >75 mm
2 75 - 37.5 mm
3 37.5 - 4.75 mm

>75 mm 75-37.5 mm 37.5-4.75 mm
Sample No. 1 2 3

Description Weight Weight 
(gm) (gm)

Mass of submerged density basket and saturated sample, M1 3,385.00   3,180.00    3,825.00          

Mass of submerged empty density basket, M2 1,320.00 1,320.00  1,320.00        

Mass of saturated surface dried test sample in air, B 3,342.00   3,020.00    4,062.00          

Mass of oven dried test sample, A 3,339.00   3,003.00    4,041.00          

Mass of saturated test sample in water, C (M1 - M2) 2,065.00   1,860.00    2,505.00          

CALCULATIONS
1 2 3

Specific Gravity:

a) Bulk Sp. Gr = A/(B-C) 2.615 2.589 2.595

b) Bulk Sp Gr (saturated surface dry)
                       = B/(B-C) 2.617 2.603 2.609

(c ) Apparent Sp Gr 2.621 2.627 2.631
                       = A/(A-C)

(d) (d) Water Absorption         0.09 0.56 0.52
                       = (B-A)/A*100

GEOCE CONSULTANTS (P) LTD
Topographical and Geological Surveys for the Preparatory Survey for the Project for Countermeasure Construction for

Landslides on Sindhuli Road (Section II)

SPECIFIC GRAVITY & WATER ABSORPTION TEST

September 2011

TP No: G 1

F1 Wt of wet soil + Pan, gm 1300 1350 1500 835 835
F2 Wt of dry soil + Pan, gm 1265 1307 1460 827 810
F3 Wt of can, gm 114.9 99.9 82.4 57.8 72.3
F4 wt of water (F1-F2), gm 35.00 43.00 40.00 8.00 25.00
F5 wt. of dry soil (F2-F3), gm 1150.10 1207.10 1377.60 769.20 737.70
F6 Water content (F4/F5*100), % 3.04 3.56 2.90 1.04 3.39

Average water content (%)

TP No: G 2

F1 Wt of wet soil + Pan, gm 1118 1530 1225 741 999
F2 Wt of dry soil + Pan, gm 1080 1490 1170 737 993
F3 Wt of can, gm 69.4 98.5 76.5 82.1 64.1
F4 wt of water (F1-F2), gm 38.00 40.00 55.00 4.00 6.00
F5 wt. of dry soil (F2-F3), gm 1010.60 1391.50 1093.50 654.90 928.90
F6 Water content (F4/F5*100), % 3.76 2.87 5.03 0.61 0.65

Average water content (%)

TP No: G 3

F1 Wt of wet soil + Pan, gm 1200 1200 1300 1430
F2 Wt of dry soil + Pan, gm 1137 1145 1255 1415
F3 Wt of can, gm 66 87.4 78 70.9
F4 wt of water (F1-F2), gm 63.00 55.00 45.00 15.00
F5 wt. of dry soil (F2-F3), gm 1071.00 1057.60 1177.00 1344.10
F6 Water content (F4/F5*100), % 5.88 5.20 3.82 1.12

Average water content (%)

GEOCE CONSULTANTS (P) LTD.
Topographical and Geological Surveys for the Preparatory Survey for the Project for Coutermeasure

Construction for Landslides on Sindhuli Road (Section II)

Natural Moisture Content Tests

Water Content Determination
<37.5 mm 37.5 - 75 mm >75 mm

3.17 2.21 0.00

Water Content Determination
<37.5 mm 37.5 - 75 mm >75 mm

4.97 1.12 0.00

3.89 0.63 0.00

Water Content Determination
<37.5 mm 37.5 - 75 mm >75 mm
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TP No: A 1

F1 Wt of wet soil + Pan, gm 2150 2200 2315 1277 1030 620.00
F2 Wt of dry soil + Pan, gm 2125 2170 2290 1272 1027 617.00
F3 Wt of can, gm 157.5 137 154.7 83.7 72.3 55.00
F4 wt of water (F1-F2), gm 25.00 30.00 25.00 5.00 3.00 3.00
F5 wt. of dry soil (F2-F3), gm 1967.50 2033.00 2135.30 1188.30 954.70 562.00
F6 Water content (F4/F5*100), % 1.27 1.48 1.17 0.42 0.31 0.53

Average water content (%)

TP No: A 2

F1 Wt of wet soil + Pan, gm 1800 1950 1435 1940
F2 Wt of dry soil + Pan, gm 1750 1925 1420 1925
F3 Wt of can, gm 144 136.3 64.1 99.9
F4 wt of water (F1-F2), gm 50.00 25.00 15.00 15.00
F5 wt. of dry soil (F2-F3), gm 1606.00 1788.70 1355.90 1825.10
F6 Water content (F4/F5*100), % 3.11 1.40 1.11 0.82

Average water content (%)

TP No: A 2 (Repeat)

F1 Wt of wet soil + Pan, gm 2582 2036 1420 1305
F2 Wt of dry soil + Pan, gm 2530 1995 1415 1300
F3 Wt of can, gm 177.8 98.5 94.8 82.1
F4 wt of water (F1-F2), gm 52.00 41.00 5.00 5.00
F5 wt. of dry soil (F2-F3), gm 2352.20 1896.50 1320.20 1217.90
F6 Water content (F4/F5*100), % 2.21 2.16 0.38 0.41

Average water content (%)

TP No: A 3

F1 Wt of wet soil + Pan, gm 1880 1830 1200 970 1135
F2 Wt of dry soil + Pan, gm 1844 1795 1165 962 1130
F3 Wt of can, gm 101.2 99.1 76.5 92.5 57.8
F4 wt of water (F1-F2), gm 36.00 35.00 35.00 8.00 5.00
F5 wt. of dry soil (F2-F3), gm 1742.80 1695.90 1088.50 869.50 1072.20
F6 Water content (F4/F5*100), % 2.07 2.06 3.22 0.92 0.47

Average water content (%)

GEOCE CONSULTANTS (P) LTD.
Topographical and Geological Surveys for the Preparatory Survey for the Project for Countermeasure

Construction for Landslides on Sindhuli Road (Section II)

Natural Moisture Content Tests

Water Content Determination
<37.5 mm 37.5 - 75 mm >75 mm

1.31 0.37 0.53

Water Content Determination
<37.5 mm 37.5 - 75 mm >75 mm

2.26 0.96 0.00

Water Content Determination
<37.5 mm 37.5 - 75 mm >75 mm

2.19 0.39 0.00

2.45 0.69 0.00

Water Content Determination
<37.5 mm 37.5 - 75 mm >75 mm

TP No: K 1

F1 Wt of wet soil + Pan, gm 1475 1545 1525 1800
F2 Wt of dry soil + Pan, gm 1445 1510 1495 1780
F3 Wt of can, gm 66 74.4 69.4 110.2
F4 wt of water (F1-F2), gm 30.00 35.00 30.00 20.00
F5 wt. of dry soil (F2-F3), gm 1379.00 1435.60 1425.60 1669.80
F6 Water content (F4/F5*100), % 2.18 2.44 2.10 1.20

Average water content (%)

TP No: K 2

F1 Wt of wet soil + Pan, gm 1500 1338 1450 1220 735.00
F2 Wt of dry soil + Pan, gm 1458 1293 1445 1215 730.00
F3 Wt of can, gm 86.8 69 83.5 70 65.30
F4 wt of water (F1-F2), gm 42.00 45.00 5.00 5.00 5.00
F5 wt. of dry soil (F2-F3), gm 1371.20 1224.00 1361.50 1145.00 664.70
F6 Water content (F4/F5*100), % 3.06 3.68 0.37 0.44 0.75

Average water content (%)

TP No: K 3

F1 Wt of wet soil + Pan, gm 1180 1259 1130 660 2115
F2 Wt of dry soil + Pan, gm 1150 1222 1100 655 2110
F3 Wt of can, gm 86.7 56.8 68.6 58.6 74.3
F4 wt of water (F1-F2), gm 30.00 37.00 30.00 5.00 5.00
F5 wt. of dry soil (F2-F3), gm 1063.30 1165.20 1031.40 596.40 2035.70
F6 Water content (F4/F5*100), % 2.82 3.18 2.91 0.84 0.25

Average water content (%)

GEOCE CONSULTANTS (P) LTD.
Topographical and Geological Surveys for the Preparatory Survey for the Project for Coutermeasure

Construction for Landslides on Sindhuli Road (Section II)

Natural Moisture Content Tests

Water Content Determination
<37.5 mm 37.5 - 75 mm >75 mm

2.24 1.20 0.00

Water Content Determination
<37.5 mm 37.5 - 75 mm >75 mm

2.97 0.84 0.25

3.37 0.40 0.75

Water Content Determination
<37.5 mm 37.5 - 75 mm >75 mm
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Dmax≒200mm, air void is smaller than other pits               Dmax≒300mm, air void is large and loose 
Photo 3: Test Pit  1     

      Photo 4: Test Pit  2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Gravels of Dmax≒30～50mm are distributed on ground surface 
of depth 0.6m or less. Gravels get fewer in lower layer. All layer 
is loose. 

Photo 5: Test Pit 3 
 
 
 

 
Cobbles  of  Dmax300mm  are main.  Air  void  is 
largest and loose. 

Photo 6: Test Pit 4 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Cobble of Dmax200mm is distributed on surface           Cobble of Dmax300 is distributed in depth 0.0～0.3m. 
as depth 0.1m. Gravels of Dmax150mm in depth           Depth 0.3～1.3m is gravels of Dmax150mm. 
0.1 or more.                                                                            Depth1.3 or more is sand and gravel, and springwater 

Photo 7: Test Pit 5          Photo 8: Test Pit 6 

 
IN‐SITU INDEX DENSITY TESTS 

 
 

Photo 9: Compaction Layers by Monkey Jumper 
 
 

IN‐SITU FILED DENSITY TESTS 

 
Photo 10: In‐situ Density by Sand Cone Method 
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Photo 11:  IN‐SITU DENSITY TESTS BY WATER REPLACEMENT METHOD 

 

 
 
 

 
   

 
   
 
 
 
 
 
 
 
 
 

TEST PIT ON RIVER BED (Ghong Khola) 
 
 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
              In‐situ Density at G 3 

TEST PIT ON RIVER BED (Andheri Khola) 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

TEST PIT ON RIVER BED (Kamala River) 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

A5-5-14



IN‐SITU DENSITY TESTS BY WATER REPLACEMENT METHOD 
 

 
 
In‐situ Density at Ghong Khola (G 3) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
In‐situ Density tests at Andheri Khola 

 
In‐situ Density tests at Kamala River 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ROCK SAMPLE 
 
 

 
 
 
 
 
 
 

 
FIELD SIEVE 
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Appendix-5.6 
Review of Monitoring Data 



A5-6-1 
 

1.  Review of Monitoring Data 

Monitoring devices set by the last project have been transferred to the Department of 
Roads (DOR). They are continuing the monitoring independently from October 2010. The 
JICA Study Team reviewed the monitoring data up to August 2011 given by DOR in this 
study. The team mainly examined the data recorded from the tiltmeter because the data 
were smoothly continued from the data of the last project. The data recorded from the 
inclinometer were not included in this review because the data were not continued from the 
data of the last monitoring. 

1.1  Tiltmeter 

Tiltmeters were set in and around each landslide area in order to evaluate the stability of 
each area. The study team confirmed the data of Sta. 17+400 for reference, where 
construction work is being done by DOR .The amount of tiltmeter is shown in Table 1.1. 

Table 1.1 Amount of Tiltmeter 
Location Number Quantity Frequency of Monitoring 

Sta. 17+400 
(for reference) AK-1-AK-3 3 1-2 times/week (July 2010-Sep. 2010) 

1/month (Oct. 2010-Aug. 2011) 

Sta. 18+200 AK-4-AK-5 2 1-2 times/week (July 2010-Sep. 2010) 
1/month (Oct. 2010-Aug. 2011) 

Sta. 17+600 BK-1-BK-8 8 2 times/week (Aug. 2010-Sep. 2011) 
1/month (Oct. 2010-Aug. 2011) 

Total  13  

 
The degree of tilting is based on Figure 1.2. 

Table 1.2 Degree of Tilting（Japan Road Association） 

Rank of tilting Average 
tilting/day 

Total tilting 
(seconds/month) Cumulative tilting 

Correlation between 
direction of tilting and 

topography 
Activity 

Rank A More than 5 
seconds 

More than 100 
seconds Strong Obvious Strong 

Rank B 1-5 seconds 30-100 seconds Middle Obvious Weak 

Rank C Less than 1 
second 

Less than 30 
seconds Weak Obvious (more observation is 

needed) 

Rank D More than 3 
seconds 

None 
(intermittent) 

None 
(intermittent) None Active in limited area 

※ Considering both average tilting/day and cumulative tilting to decide the rank  

The condition of each tilimeter is as shown in Table 1.3. 

Table 1.3 Observation of Tiltmeter (July 2010-Aug. 2011) 

Location Number 
Average 

tilting/day
(second) 

Total tilting 
(seconds/month)

Cumulative 
tilting 

Direction of 
tilting Judgment 

Sta. 17+400 
AK-1 0.1 2.8 None N83W None 
AK-2 0.2 7.3 None N26W None 
AK-3 0.8 23.0 Weak N57E Rank C 
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(diagonally 
upper) 

Sta. 18+200 

AK-4 1.9 57.0 
Very strong in 
rainy season 
(diagonally) 

N17E Rank B 

AK-5 2.0 59.7 
Very strong in 
rainy season 

(upper) 
S86W Rank B 

Sta. 17+600 

BK-1 0.6 18.6 Middle 
(horizontally) N11W Rank C 

BK-2 0.2 5.4 None N65W None 
BK-3 0 1.3 None N65W None 
BK-4 

(on the retaining  wall) 0.5 14.4 None 
(recurring) N1W Rank C 

(diagonally) 
BK-5 

(on the retaining  wall) 0.7 21.6 Weak 
(diagonally) S1W Rank C 

BK-6 
(on the retaining  wall) 0.4 11.1 None 

(recurring) N25W Rank C 
(diagonally) 

BK-7 
(on the retaining  wall) 1.1 34.1 

Weak 
(diagonally 

lower, recurring)
N62E Rank B 

(diagonally) 

BK-8 0.3 7.6 None N60W None 

Source: JICA Study Team, DOR 

Tilting was not observed at all along AK-1 and AK-2 in Sta. 17+400 during the 
monitoring period.  Very little cumulative tilting (Rank C) was observed in the upper 
diagonal direction at AK-3. It may be influenced by the collapse of shotcrete.  

Very strong cumulative tilting at AK-4 and AK-5 during rainy season was observed in Sta. 
18+200. Both were judged to have Rank B classification. The site slope is becoming 
unstable due to rainfall as observed by the collapse of shotcrete according to the data of the 
last project. Also, the monitoring data of tiltmeter is showing the same tendency. 

Slight tilting along the direction oriented orthogonally to the contour line is observed 
during rainy season at BK-1 in Sta. 17+600 around the collapse area. It is judged to have 
Rank C. No tilting was observed at BK-2 and BK-3 in the upper zone except during the 
time just after setting work. There is no tilting at BK-8 in the upper area of the old 
landslide. 

Recurring tilting was observed at BK-4 and BK-7, located on the top of the retaining wall, 
in the upper slope of the collapse. They were judged to have Rank C and Rank B (middle 
cumulative), respectively. Around BK-7, the collapse under the road is considered to 
influence the retaining wall gradually. 

Recurring tilting is observed at BK-5 and BK-6 on the upper slope. They were judged to 
have Rank C and stable slope. 
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Figure 1.1 Horizontal Map Showing Tilting Direction  (Source: JICA Study Team) 
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Figure 1.2 Horizontal Map Showing Tilting Direction (Source：JICA Study Team) 
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1.2 Crack Measurement 

Crack measurement continues on the retaining wall on the upper part of the collapse at Sta. 
17+600 and at the hairpin curve on the upper part at Sta. 18+200. These cracks occurred 
during the past and the condition of their progress is now observed by measurement. 

Crack measurement is transferred to DOR in October 2010 and the data seem to have little 
change before and after the transfer. The JICA Study Team measured the cracks again and 
confirmed the difference between last time and this time.   

The number of crack measurements is shown in Table 1.4. 

Table 1.4  Number of Crack Measurements (By Hand) 

Location Position Number of Measurement Period of 
Measurement Note 

Sta. 18+200 

Retaining wall on 
the upper area of 

collapse 
 

14 cracks 
P-1-3, AC-1-11 

Jun. 2010 
- 

Sep. 2011 

Measurement of the distance of crack and 
that of two pins at AP-1-3 and AC-5-8 

Sta. 17+600 
Retaining wall on 
the upper area of 

collapse 

6 cracks 
BC-1～5, BP-1 

Jun. 2010 
- 

Sep. 2011 

Measurement of outside and inside 
distance of crack at BP-1 

Total 2 20 cracks   

 
The condition of each crack measurement is as shown in Table1.5. 

Table 1.5  Crack Measurement (Total Distance) 

Location Point C: Crack Distance 
P: Pin Distance Total Distance (mm) Condition 

Sta. 18+200 

AP-1 C 12.0 Remarkable 
Increasing  P 20.0 

AP-2 C 41.0 Remarkable 
Increasing P 48.0 

AP-3 C 1.0  P -1.0 

AC-1 C 14.5 Remarkable 
Increasing 

AC-2 C (2.3)  
AC-3 C 0.7  

AC-4 C (15.8) (Remarkable 
Increasing) 

AC-5 C 30.0 Remarkable 
Increasing P 33.0 

AC-6 C 0  P 1 

AC-7 C 0.5  P 8.0 

AC-8 C 4.0  P -2.0 
AC-9 C 3.1  
AC-10 C -0.1  
AC-11 C 4.0  
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Sta. 17+600 

BC-1 C 1.2  P -5.0 

BC-2 C -0.2  P 0.1 

BC-3 C 0  P 0.7 

BC-4 C -0.2  P 0.1 

BC-5 C 0  P 4.0 

BP-1 P (outside) 0  P (inside) 6 
Source: JICA Study Team 

Tendency of increasing crack width is obvious at the right side of the retaining wall at 
Sta. 18+200. Maximum total width of AP-1, AP-2, AC-1, AC-4, and AC-5 points is 48 mm 
from June 2010 to September 2011.  No obvious movement was observed during the time 
of crack measurement except very small movement at Sta. 17+600. 

1.3  Rainfall Gauge 

The amount of rainfall gauge measurement is as shown in Table 1.6. 

Table 1.6 Amount of Rainfall Gauge Measurement 

Location Equipment Period of 
Measurement Note 

Near Sta. 17+200 
(on the roof) 

Rainfall Gauge 
Data logger 

June 2010 
- 

Sep 2011 
Replacement of JICA gauge with Hazama gauge

Max. daily rainfall, max. continuous rainfall and max. hourly rainfall are shown in Table 1.7. 

Table 1.7 Rain Condition in 2011 
Item Date Rainfall (mm) Note 

Max. daily rainfall 21 June 108.5  
Max. continuous rainfall 21 June - 26 July 417 Reset in the case of no rain in 24 

hours (less than 1 mm/hour) 
Max. hourly rainfall 21 June 102  

Date of over 20 mm/day 21 June 
25 June 
7 July 

28 August 
29 August 

108.5 
58.5 
20 
66 
36 

 

Source: DOR 
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Figure 1.3 Rainfall (2011) 
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