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JICA 
Data Collection Survey on Water Resources Management 

in 
Haor Area of Bangladesh 

 

OPERATIONAL GUIDELINE FOR WORKING GROUP 

 

 

1. General 

JICA decided to conduct the “Data Collection Survey on Water Resources Management in Haor Area 

of Bangladesh (the Study)” in Bangladesh by dispatching the JICA Study Team (the Study Team) 

headed by Mr. Koji KAWAMURA from 27 November 2012.  The objectives of the Study are: 

(1) To review “Master Plan of Haor Areas (the M/P), 2012, BHWDB” as well as other plans on water 

resources management in the haor areas, 

(2) To conduct basic study on matters having hardly been addressed so far in these plans, and 

(3) To identify possible JICA cooperation projects for flood and river management in the haor areas. 

JICA understands that the M/P has identified priority projects reflecting the local peoples’ needs and is 

considered to be an overarching plan for future JICA cooperation in the haor areas.  However, JICA 

has some concern that the detailed selection process including background information and the 

evaluation of possible impact of these prioritized projects have not fully been explained in the M/P.  

It is crucial to verify these points through the Study to consider future JICA cooperation. 

Under such situations, the Working Group (WG) has been formed for the Study. 

 

This operational guideline for the WG shall address the following: 

i) the purpose, 

ii) the final outputs, 

iii) the members, 

iv) the activities, 

v) the time schedule, and 

vi) the operation. 

 

2. Purpose 

The purpose of the WG is to review the detailed formulation process and backgrounds of the M/P 

and to clarify the matters having hardly been addressed yet in the M/P, which are subject to “basic 

study” in the Study so as to consider future JICA cooperation in the haor areas. 

 

3. Final Output 

The final outputs of the WG are the scope of the “basic study” to be carried out in the Study. 
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4. Members 

The WG is composed of the members presented in Table 1. 

 

Table 1 Members of Working Group 

Positions 
Organizations/Personnel Assigned 

BWDB CEGIS JICA Study Team 

Group Leader* Director, 
Planning-1 - - 

Deputy Group 
Leader 

Executive 
Engneer, Office 
Chief Planning

- Team Leader 

Water Resources 
Management - 

Director,
Climate Change 
Study Division

Team Leader 

Flood Measures - Flood Measures 
Expert

Deputy Team 
Leader 

Facility 
Plan/Design - 

Facility 
Plan/Design 
Expert

Facility 
Plan/Design Expert 

Note: the group leader shall be a chairperson of the WG meeting. 

 

5. Activities 

The activities of the WG are: 

1) To identify and compile the items to be reviewed, 

2) To collect and scrutinize the data used and analysis results regarding each review item, 

3) To confirm and assess project selection criteria and results, and 

4) To provide items and their contents of the “basic study”. 

It is noted that the items and their contents of the “basic study” need to be finalized with an 

approval of JICA. 

 

The items to be reviewed by the WG are itemized below at this initial stage of the Study, 

which are subject to change in the curse of the review work of the M/P: 

(1) Item 1: Process for project prioritization and selection, and technical/environmental/social data 

and information used in water resources sector, 

(2) Item 2: Clarification of applied method and data used to hydrological and hydraulic analysis, 

(3) Item 3: Verification of the consistency and reliability of exiting hydrologic, hydraulic, and 

sediment data, 

(4) Item 4: Selection process of WR-01 to WR-09 in Table 2, 

(5) Item 5: (i) Selection process of subprojects in WR-01 to WR-09, including confirmation of 

peoples’ needs and selection criteria, and (ii) planning process of such structures as 

submergible embankments, sluices, platforms, etc. from a technical viewpoints, 

particularly hydrologic, hydraulic, geomorphic, and geotechnical ones, 
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(6) Item 6: Basis of cost estimation, and 

(7) Item 7: Possible project impacts. 

Table 2  Projects Identified in the M/P for Water Resources Sector 
(Duration in year and Cost in lakh taka) 

DA 
Code 

Project Title 
Duration

Year 
Short 
Term 

Medium 
Term 

Long 
Term 

Total cost

 Water Resources  (lakh taka) 
WR-01 Pre-Monsoon Flood Protection and Drainage 

Improvement in Haor Areas 
5 12,550 - - 12,550

WR-02 Flood Management of Haor Areas 7 28,575 53,068 - 81,643
WR-03 River Dredging and Development of 

Settlement 
5 44,073 4,897 - 48,970

WR-04 Development of Early Warning System for 
Flash Flood Prone Areas in Haor and 
Dissemination to Community Level 

20 353 215 200 768

WR-05 Village Protection against Wave Action of 
Haor Area 

3 31,046   31,046

WR-06 Monitoring of the Rivers in Haor Area 4 450 450 - 900
WR-07 Impact Study of the Interventions of 

Transboundary River System 
5 1,350 150 - 1,500

WR-08 Study of the Climate Change Impact of Haor 
Area 

4 400 400 - 800

WR-09 Strengthening and Capacity Development of 
BHWDB 

2 197 - - 197

 Total  118,99
4

59,180 200 178,37
4

Source：”Master Plan of Haor Area (2012)” 
Notes: DA: Development Area 

 Short Term (FY 2012-13 ～ FY 2016-17) 
 Medium Term (FY 2017-18 ～ FY 2021-22) 
 Long Term (FY 2022-23 ～ FY 2031-32) 

 
 

6. Time Schedule 

 
 Time Schedule*

Item 1 

December 2012 
Item 2 
Item 3 
Item 4 
Item 5 
Item 6 January 2013
Item 7 December 2012

Note: * If the items to be reviewed are changed, the time schedule shall be reset. 

 

 

7. Operation of the WG 

(1) The WG will hold their regular progress meeting every two weeks as a rule on a pre-set 

date determined by the Chairperson.  (Note: more discussions shall be required between the 

Study Team and CEGIS). 
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(2) The WG will hold any extraordinary meeting when necessary based on a proposal by 

any of the WG members and the decision of the Chairperson. 

(3) The Chairperson shall chair all the meetings.  The Study Team shall record the minutes 

of meetings and any other issues that may arise in the meetings. 

(4) All the records will be kept and maintained by the Study Team. 
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Minutes of Discussion on the Inception Report 
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Minutes of Discussion for the First Working Group 
Meeting 
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Minutes of Discussion for the Second Working 
Group Meeting 
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Minutes of Discussion for the Third Working Group 
Meeting 
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Minutes of Discussion on the Draft Final Report 
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Annex-4.1 

River Cross Section Data from BWDB 
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Legend: 

Figure A-1   Histrical River Cross Section of Surma River (1/5) 
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Legend: 

Figure A-1   Histrical River Cross Section of Surma River (2/5) 
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Legend: 

Figure A-1   Histrical River Cross Section of Surma River (3/5) 
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Legend: 

Figure A-1   Histrical River Cross Section of Surma River (4/5) 
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Legend: 

Figure A-1   Histrical River Cross Section of Surma River (5/5) 
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Legend: 

Figure A-3   Histrical River Cross Section of Bogai-Kangsha River (1/3) 
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Legend: 

Figure A-3   Histrical River Cross Section of Bogai-Kangsha River (2/3) 
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Legend: 

Figure A-3   Histrical River Cross Section of Bogai-Kangsha River (3/3) 
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Annex-4.2 

Analysis of Geotechnical Investigation and 

Laboratory Test Result 
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1. Soil Classification according to Drilling Survey and Dutch Cone Test 

1.1  Soil Classification by N-Value 

Table 1.1 shows simplified Soil Classification by N-Value.  

N-values of cohesive soil are classified to 3 categories, N≦4, N=5 to 8 and N>8 from Table 

1.2. Cohesive soil of N≦4 is considered to occur problem of settlement and sliding, and of 

N>8 is almost problem-free layer due to stiff. Cohesive soil of N=5 to 8 is necessary for 

examination in case of high embankment, but has less problem if embankment height 4m. If 

N≧20, it is assumed as bearing layer for pile foundation.  

N-values of sand are classified to 4 categories, N≦10, N=11~29, N=30~49 and N≧50, as 

follows from Table 1.3.  

N≦10; loose sand layer 

N=11~29; necessary for examination in case of high embankment  

(less problem if embankment height is less than 4m in Haor)   

N=30~49; assumed as bearing layer for pile foundation  

N≧50; assumed as bearing layer for pile foundation  

Haor area is undelain by problemless sandy ground of N-value 11~29.  

Generally soft silt layer exists within GL.-3m, increasing its consistency by depth, and 

changes to sand layer around GL.-10m. This typical pattern is shown at n-6, n-9, n-13, n-17, 

n-18, r-7, r-9. 

However, n-2 has loose sand and soft clay layer exists within GL.-3m, and layer below GL.-3 

show the same pattern mentioned above. The borehole r-1 has medium cohesive layer in 

GL.-1 to -3m, and soft layer reaches to GL.-6.5m.  The borehole r-8 has loose sand layer up 

to GL.-4m, and increases its consistency and density by depth below. No cohesive layer exists 

in this borehole. 

It is difficult to assume the pattern of soil layers by region, because, for example there is much 

difference even between adjacent boreholes such as n-6 and n-13, n-9 and r-8.  

Table 1.2  Consistency and Cone Resistance for Clay 

Consistency N value 
Unconfined 

strength 
qu (Mpa)

Cone resistance 
qc (Mpa) 

Very soft 0 ~ 2 0 ~ 25 0 ~ 0.4 
Soft 2 ~ 4 25 ~ 50 0.4 ~ 0.8 

Medium 4 ~ 8 50 ~ 100 0.8 ~ 1.5 
Stiff 8 ~ 15 100 ~ 200 1.5 ~ 3.0 

Very stiff 15 ~ 30 200 ~ 400 3.0 ~ 6.0 
Hard >30 >400 >6.0 

Source: Terzaghie & Peck, Soil mechanics in engineering practice(1996) 
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Table 1.3  Density Index and Cone Resistance for Sand 

Density index N value 
Cone resistance 

qc (Mpa) 

Internal friction angle φ 

(deg) 

Very loose 0 ~ 4 0.0 ~ 2.5 29 ~ 32 

Loose 4 ~ 10 2.5 ~ 5.0 32 ~ 35 

Medium dense 10 ~ 30 5.0 ~ 10.0 35 ~ 37 

Dense 30 ~ 50 10.0 ~ 20.0 37 ~ 40 

Very dense >50 >20 40 ~ 42 
Source: Terzaghie & Peck, Soil mechanics in engineering practice(1996) 
EN 1997-2 (2007) (English): Eurocode 7: Geotechnical design - Part 2: Ground investigation and 
testing, Annex D (informative) Cone and piezocone penetration tests, Table D.I - An example for 
deriving values of the effective angle of shearing resistance (qf) and drained Young's modulus of 
elasticity (E') for quartz and feldspar sands from cone penetration resistance (qc) 
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Table 1.1   Soil Classification by N-value 
n-2 n-6 n-9 n-13 n-17 n-18 r-1 r-7 r-8 r-9

N value N value N value N value N value N value N value N value N value N value
0.0
0.5
1.0 9 4 3 4 4 6 6 5 6 3
1.5

2.0 1 4 4 8 4 4 5 4 6 4
2.5

3.0 12 7 5 6 5 9 4 5 7 6
3.5

4.0 8 6 6 7 8 11 3 15 11 7
4.5
5.0 12 6 7 5 6 25 3 18 13 10
5.5
6.0 14 7 8 30 8 19 4 5 18 20

6.5
7.0 31 8 10 16 9 24 14 6 21 22
7.5
8.0 18 10 11 17 10 12 16 8 22 23

8.5

9.0 20 13 15 19 11 29 19 18 24 33
9.5

10.0 48 12 20 18 12 35 16 21 26 38
10.5
11.0 43 14 21 22 15 35 18 23 29 44
11.5

12.0 41 18 24 25 18 52 25 26 30 48
12.5
13.0 80 19 26 28 28 61 8 28 33 51
13.5

14.0 66 22 29 31 30 43 30 34 34 55
14.5

15.0 43 44 31 33 32 75 32 38 35 57
15.5
16.0 40 45 33 37 33 60 30 57 38 62
16.5
17.0 40 46 35 39 36 71 30 59 37 65
17.5
18.0 40 46 37 43 22 85 32 61 37 69
18.5
19.0 66 47 40 47 27 83 35 64 39 87
19.5
20.0 46 49 41 49 31 83 37 68 40 89
20.5
21.0 26 42 44 55 41 82 42 69 41 88
21.5
22.0 28 44 45 57 44 90 46 67 43 83
22.5
23.0 27 45 47 55 49 77 46 69 45 85
23.5
24.0 30 47 50 47 52 79 49 72 49 86
24.5
25.0 18 47 51 53 56 33 46 76 52 89
25.5
26.0 21 49 55 59 63 18 48 81 55 90
26.5
27.0 9 50 58 64 87 12 47 86 57 91
27.5
28.0 12 52 62 66 89 11 49 88 60 92
28.5
29.0 9 55 64 69 93 9 51 89 66 92
29.5
30.0 11 60 70 64 95 18 56 91 36 93

Remark
N=<4 N=<4 N<=10

N>8 N=5~8 N=11~29
N>8 N=30~49

Soft Grand bottom N>=50
Bearing stratum top

Depth
(m)

Silt
Clay

Sand

 
Source: JICA Study Team 
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1.2  Soil Classification by DCT (Cone Penetration Resistance) 

Table 1.4 shows soil formation in each area.  

Figure 1.1 shows the vertical distribution of N-value and qc (cone resistance by DCT) in the 

same project area. The definition of soft ground and bearing stratum in is shown in the 

following table.  

Table 1.5  Soft ground and bearing stratum 

 Soft ground Bearing stratum 

Clay layer 
N=<4 

qc=<0.8Mpa 

N>=20 

qc>=4Mpa 

Sand layer 
N=<10 

qc=<5Mpa 

N>=30 

qc>=10Mpa 
Source: JICA Study Team 
* Division depends on those in Table 1.2/1.3 
* N-value of bearing stratum is common required value for pile foundation 
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N value DCT-1 DCT-2 DCT-3 N value DCT-1 DCT-2 DCT-3 N value DCT-1 DCT-2 DCT-3 N value DCT-1 DCT-2 DCT-3 N value DCT-1 DCT-2 DCT-3 N value DCT-1 DCT-2 DCT-3
0.0 0.6 0.8 0.8 0.0 0.1 1.6 1.6 0.0 2.5 2.5 2.5 0.0 0.8 0.0 0.4 0.0 1.8 2.3 0.7 0.0 0.7 0.8
0.5 0.6 0.8 0.8 0.5 0.2 2 1.3 0.5 2.5 2.5 2.5 0.5 1.5 0.1 1 0.5 1.8 1.7 0.2 0.5 0.7 0.8
1.0 9 0.6 1 1.5 1.0 4 0.3 3.5 2.3 1.0 3 2.5 1.5 2 1.0 4 1.1 0.3 1 1.0 4 1.8 1.2 0.4 1.0 6 0.8 0.8
1.5 0.6 1 1.5 1.5 0.2 5 2.3 1.5 2.5 1.5 1.5 1.5 1.1 0.4 1 1.5 1.4 1.2 0.5 1.5 3 1
2.0 1 0.6 1 1.5 2.0 4 0.4 1.5 2.1 2.0 4 3 3 0.8 2.0 8 1 0.6 1 2.0 4 1.4 1.2 0.5 2.0 4 2.5 2.5
2.5 0.6 2.5 1.5 2.5 0.4 6 3 2.5 2.5 2 2.5 2.5 1 0.7 1 2.5 1.4 0.9 0.5 2.5 3.5 3
3.0 12 0.6 1 1.5 3.0 7 1.5 8 3 3.0 5 4 3.5 3.5 3.0 6 1 0.9 0.5 3.0 5 1.4 3.5 0.8 3.0 9 4.5 4 0.8
3.5 1.5 1 1.5 3.5 1.1 8 4 3.5 4.5 2 4.5 3.5 0.6 1.0 0.5 3.5 1.7 4.4 0.8 3.5 1.3 4 0.8
4.0 8 1.5 2.5 4 4.0 6 1.4 8 4 4.0 6 3 3 3.5 4.0 7 0.6 1.1 0.8 4.0 8 1.7 2.3 0.4 4.0 11 0.5 2.5 0.8
4.5 1 1 4 4.5 1.4 8 4 4.5 4.5 4 3.5 4.5 5 1.3 1 4.5 1.1 2.8 0.4 4.5 1 3 6
5.0 12 0.5 0.5 4 5.0 6 1.8 8 8 5.0 7 4 4 4 5.0 5 6 1.4 0.7 5.0 6 1.6 3 2.3 5.0 25 0.5 5 6
5.5 0.8 0.5 4 5.5 1.6 12 8 5.5 6 4.5 2.5 5.5 5 1.6 0.8 5.5 1.2 3 1.7 5.5 0.5 2.5 5.5
6.0 14 0.8 0.5 4 6.0 7 1 12 8 6.0 8 7 5 5 6.0 30 4.5 1.7 1 6.0 8 0.58 3 1.2 6.0 19 0.5 0.5 6.5
6.5 1 0.5 6 6.5 1.8 12 8 6.5 6.5 6 2.5 6.5 5 6 1 6.5 0.55 3.4 1.2 6.5 0.5 1 0.8
7.0 31 1 0.8 6 7.0 8 1.6 8 7.0 10 6 5 3 7.0 16 5 8 1 7.0 9 0.5 3 1.2 7.0 24 1 1 0.5
7.5 1 0.8 7 7.5 2.7 8 7.5 6.5 10 4.5 7.5 5 8 1 7.5 0.5 4 2.5 7.5 0.5 0.5 0.5
8.0 18 1 0.8 6 8.0 10 2 6 8.0 11 6 8 4 8.0 17 7 8 1.7 8.0 10 0.9 4 2.5 8.0 12 0.5 5 0.9
8.5 1 2 4 8.5 6.5 4 8.5 5 6.5 5 8.5 5 8 1.1 8.5 0.9 4 2.5 8.5 1 1 0.9
9.0 20 1 2 0.5 9.0 13 6.5 6 9.0 15 3.5 5 4 9.0 19 5 1.5 9.0 11 2.5 2.6 5 9.0 29 0.8 0.5 3
9.5 1 4 1 9.5 6.5 9 9.5 4 7 5.5 9.5 4 3 9.5 2.6 5 9.5 1.5 0.5 3.5

10.0 48 1 8 0.8 10.0 12 6.5 10.0 20 4.5 5 9 10.0 18 4.5 5 10.0 12 2.6 5 10.0 35 1 0.5 8
10.5 1 6 1.5 10.5 6.5 10.5 5 5 6.5 10.5 2 7 10.5 2.6 3.3 10.5 1 0.5 2
11.0 43 6 4 1.5 11.0 14 6.5 11.0 21 4 6.5 6.5 11.0 22 4 7 11.0 15 3.3 11.0 35 1 0.5 4
11.5 10 7 1.5 11.5 6.5 11.5 6 6.5 6 11.5 2 10 11.5 5.4 11.5 1 6 10.5
12.0 41 12 8 4 12.0 18 12.0 24 10 6 8 12.0 25 12.0 18 12.0 52 1 5 12
12.5 12 4 2 12.5 12.5 7.5 6 6.5 12.5 12.5 12.5 14 5 13
13.0 80 14 4 2 13.0 19 13.0 26 7.5 6 7 13.0 28 13.0 28 13.0 61 15 6 12
13.5 14 5 3 13.5 13.5 9 6.5 6.5 13.5 13.5 13.5 13 6.5 12
14.0 66 14 5 3 14.0 22 14.0 29 9.5 8 6.5 14.0 31 14.0 30 14.0 43 10 5 12
14.5 14 4 5 14.5 14.5 9 16 7 14.5 14.5 14.5 12 6 10
15.0 43 14 4 4 15.0 44 15.0 31 10 16 6 15.0 33 15.0 32 15.0 75 8 9 7
15.5 14 4 3 15.5 15.5 6.5 10 6.5 15.5 15.5 15.5 14 6 5
16.0 40 14 4 5 16.0 45 16.0 33 8 7 7 16.0 37 16.0 33 16.0 60 9 7 8
16.5 14 4 12 16.5 16.5 14 7 10 16.5 16.5 16.5 12 7 12
17.0 40 14 4 20 17.0 46 17.0 35 8 8.5 14 17.0 39 17.0 36 17.0 71 16 7 13
17.5 14 4 21 17.5 17.5 12 11 8 17.5 17.5 17.5 16 5 12
18.0 40 10 4 19 18.0 46 18.0 37 9 8 8 18.0 43 18.0 22 18.0 85 13 3.5 8
18.5 10 5 18 18.5 18.5 8 5 6.5 18.5 18.5 18.5 12 4 11
19.0 66 10 6 16 19.0 47 19.0 40 20 6.5 6.5 19.0 47 19.0 27 19.0 83 16 4 12
19.5 10 4 18 19.5 19.5 20 7 7 19.5 19.5 19.5 22 4 13
20.0 46 10 4 15 20.0 49 20.0 41 14 8.5 7 20.0 49 20.0 31 20.0 83 20 4 9
20.5 10 4 18 20.5 20.5 12 8 8 20.5 20.5 20.5 18 3 10
21.0 26 16 5 18 21.0 42 21.0 44 6.5 15 8 21.0 55 21.0 41 21.0 82 16 3 18
21.5 16 6 14 21.5 21.5 13 21.5 21.5 21.5 15 4 17
22.0 28 16 6 18 22.0 44 22.0 45 22.0 57 22.0 44 22.0 90 19 4 15
22.5 16 16 14 22.5 22.5 22.5 22.5 22.5 20 15
23.0 27 16 16 11 23.0 45 23.0 47 23.0 55 23.0 49 23.0 77 20 7.5
23.5 16 16 14 23.5 23.5 23.5 23.5 23.5 8
24.0 30 16 16 18 24.0 47 24.0 50 24.0 47 24.0 52 24.0 79 8
24.5 20 16 18 24.5 24.5 24.5 24.5 24.5 6
25.0 18 20 16 16 25.0 47 25.0 51 25.0 53 25.0 56 25.0 33
25.5 20 25.5 25.5 25.5 25.5 25.5
26.0 21 20 26.0 49 26.0 55 26.0 59 26.0 63 26.0 18
26.5 26.5 26.5 26.5 26.5 26.5
27.0 9 27.0 50 27.0 58 27.0 64 27.0 87 27.0 12
27.5 27.5 27.5 27.5 27.5 27.5
28.0 12 28.0 52 28.0 62 28.0 66 28.0 89 28.0 11
28.5 28.5 28.5 28.5 28.5 28.5
29.0 9 29.0 55 29.0 64 29.0 69 29.0 93 29.0 9
29.5 29.5 29.5 29.5 29.5 29.5
30.0 11 30.0 60 30.0 70 30.0 64 30.0 95 30.0 18

Remark
N=<4 N<=10 Soft grand bottom

N=5~8 N=11~29 Bearing stratum top
N>8 N=30~49

N=<4 N>=50
N>8 qc>3Mpa

Silt
Sand

Clay

Depth
(m)

Depth
(m)

n-18n-2 n-6 n-9 n-13 n-17Depth
(m)

Depth
(m)

Depth
(m)

Depth
(m)

qc<5Mpa

qc=5~10Mpa

qc=10~20Mpa
qc>20Mpa

qc<=0.8Mpa

qc=0.8~3Mpa

qc>3Mpa

qc<=0.8Mpa

Table 1.4   Distribution of Soil Type by N-value and Cone Resistance 

Source: JICA Study Team 
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Source: JICA Study Team 

Figure 1.1  Depth distribution of N-value and cone penetration resitance 
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2. Soil Properties 

2.1  Distribution in depth direction 

Figure 2.1 shows vertical distribution of drilling investigation results (N-value, cone 

penetration resistance and coefficient of permeability) and laboratory test results.  

N-value in soft ground, intermediate layer and bearing layer, shows two patterns as step-like 

increasing/decreasing or linear increasing. Soft layer of less than 0.8Mpa in qc (cone 

resistance) is found within 10m deep, mostly less than 3m deep.  

Data for wet density, dry density and void ratio are limited within depth of 5m. Wet density 

varies widely from 1.6 to 2.0g/cm3, dry density varies widely from 1.1 to 1.7g/cm3 as well. 

Void ratio is divided into two categories such as around 0.8 and 1.2~1.4, which can be one of 

a parameter for an assessment of soil texture. Moisture content also varies widely as 22 to 

42%. 

Grain size within 5m depth consists mostly of fine fraction (<0.075mm), and that in deeper 

than 10m consists of much sand fraction. Cohesive soil including around 30% of sand content 

exists in depth from 5 to 10m, as an intermediate silt layer. 

Representative physical values of silt layer within 5m depth are said as dry density 1.4g/cm3, 

water content of 30%, wet density of 1.8g/cm3 and void ratio of 0.85 for central value. This 

silt layer contains 65 to 90 % of silt fraction (0.075 to 0.002mm), and less clay fraction (under 

2μ).  

Liquid limit (wL) and plastic limit (wP) have a tendency to decrease by depth, and plastic 

index (PI) as those deference shows around 25% constantly. Soil class of large liquid limit is 

cohesive soil containing organic matter. Cohesive soil deeper than 24m shows same value as 

depth of 4 to 5m.  

Unconfined compressive strength qu varies widely as 40~130kN/m2 and no tendency by 

depth is identified. 

Compression index Cc varies widely as 0.12~0.3, central value (0.2) can be defined as a 

representative. This value is considered to be smaller than usual cohesive soil, and 

consolidation settlement is also considered to be smaller. Only one large value of Cc is seen 

for cohesive soil including organic matter. 

Coefficient of permeability shows order from 10-4 to 10-3cm/sec, and a slight tendency to 

decrease by depth is identified. Smaller coefficient of permeability is seen in silt fraction, and 

larger is seen in sand fraction. 
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Source: JICA Study Team                           Figure 2.1  Soil Propeties in Depth Distribution 

0

5

10

15

20

25

30

1.E‐04 1.E‐03 1.E‐02

D
e
p
th
 (m

)

Permeability (cm/sec)

0

5

10

15

20

25

30

0 0.1 0.2 0.3 0.4 0.5

D
e
p
th
 (m

)

Cc

0

5

10

15

20

25

30

0 50 100 150

D
e
p
th
 (m

)

Unconfined strength qu (kN/m2)

0

5

10

15

20

25

30

0 20 40 60 80 100

D
e
p
th
 (m

)

Consistency  index (%)

LL

PL

PI

0

5

10

15

20

25

30

50 60 70 80 90 100

D
e
p
th
 (m

)

Silt content (%)

0

5

10

15

20

25

30

0.6 0.8 1 1.2 1.4 1.6

D
e
p
th
 (m

)

Void ratio e

0

5

10

15

20

25

30

20 30 40 50

D
e
p
th
 (m

)

Water content (%)

0

5

10

15

20

25

30

1 1.2 1.4 1.6 1.8

D
e
p
th
 (m

)

Dry density (kN/m3)

0

5

10

15

20

25

30

0 20 40 60 80 100

D
e
p
th
 (m

)

Fine content (%)

0

5

10

15

20

25

30

1.5 1.6 1.7 1.8 1.9 2

D
e
p
th
 (m

)

Wet density (kN/m3)

0

5

10

15

20

25

30

0.1 1 10

D
e
p
th
 (m

)

qc (MPa)

0

5

10

15

20

25

30

0 10 20 30 40 50

D
e
p
th
 (m

)
N value

n‐2

n‐6

n‐9

n‐13

n‐17

n‐18

r‐1

r‐7

r‐8

r‐9



Data Collection Survey on Water Resource Management in 
Haor Area of Bangladesh  Final Report 

 

Nippon Koei Co., Ltd - 9 - December 2013 
 

2.2  Physical Characteristics 

(1) Grain size distribution 

Figure 2.3 shows the gradation curve.  

Grain size distribution is classified into two categories such as cohesive soil and sand. 

Though grain size of cohesive soil consists of fine fraction of more than 90%, the fine fraction 

predominantly consists of silt fraction of 0.075~0.002mm, and less clay fraction (under 2μ) of 

10~40%. 

Maximum grain size of sand is 2mm, however, size under 0.4mm is predominant.  

Note) Above grain size classification is based on British Standard. 

(2) Plasticity chart 

Figure 2.4 shows plasticity chart. Soil contains mainly ML (silt with low liquid limit), partly 

MH (silt with high liquid limit). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: JICA Study Team（Plastic Chart is based on British Standard） 

Figure 2.2  Plasticity chart 

(3) Correlation in soil parameter 

Figure 2.4 shows correlation chart in soil parameter. 

Wet density has best correlation with void ratio, and next with water content. Unconfined 

compressive strength is identified correlation with void ratio.  

Skempton showed that compression index has correlation with liquid limit by the following 

formula.   

 Cc=0.009(wL-10)  (Eq.1) 

However, compression index has little correlation with liquid limit but void ratio well.  
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(a) All data 

  

(b) New construction (c) Rehabilitation 

  

(d) Clay (e) Sand 

Source: JICA Study Team      Figure 2.3  Grain size distribution 
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(1) Clay content and Dry density (2) Plastic index and Dry density (3) Clay content and Void ratio (4) Plastic index and Void ratio 

    

(5) Moisture content and Dry density (6) Void ratio and Dry density (7) Moisture content and Void ratio (8) Dry density and Unconfined compression strength 

    

(9) Void ratio and Unconfined compression strength (10) Moisture content and Unconfined compression strength (11) Plastic index and Unconfined compression strength (12) Clay content and Unconfined compression strength 

Source: JICA Study Team Figure 2.4(1) Correlation in Soil Parameter  
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(13) Liquid limit and Compression index (14) Plastic index and Compression index (15) Dry density and Compression index (16) Void ratio and Compression index 

  

(17) Clay content and Compression index  

Source: JICA Study Team         Figure 2.4(2) Correlation inSoil Parameter 
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 SUMMARY OF SOIL TEST RESULTS(1)
Bore Sample Depth Wet NMC Dry Void LL PL PI Sand Silt/ Clay Specific Unconfined Com Consolidation Test Organic Coefficient
Hole No. of Unit density Ratio Clay Gravity pression Test Content of
No. Tested Sample Weight e Specific Dry Moisture Initial by Loss-on Permeability

qu SF Cc Gravity Density Content Void Ignition
(m) (kN/m3) (%) (g/cm3) (%) (%) (%) (%) (%) (%) (kPa) (%) (g/cm3) (%) Ratio % (cm/sec)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 18 19

BHn-2 D1 1.00 #N/A #N/A #N/A 66 34 SM

U1 2.40 15.8 42.50 1.11 1.404 84 39 45 1 99 35 2.72 MH 49.0 7.0 0.440 2.655 1.28 37.53 1.83

24.89375 D3 3.00 #N/A #N/A #N/A 74 26 SM

90.99114 D4 4.00 32.83 32 24 8 1 99 10 2.66 ML

D7 7.00 #N/A #N/A #N/A 30 70 ML

D8 8.00 #N/A #N/A #N/A 34 66 ML

10.00 1.65E-03

D12 12.00 #N/A #N/A #N/A 63 37 SM

D15 15.00 #N/A #N/A #N/A 70 30 SM 6.26E-04

D19 19.00 #N/A #N/A #N/A 74 26 SM

20.00 5.39E-04

D22 22.00 #N/A #N/A #N/A 1 99 2.67 ML

D24 24.00 32.74 39 25 14 2 98 14 2.68 ML

D27 27.00 31.76 34 24 10 1 99 8 2.67 ML

BHn-6 U1 0.60 18.5 27.00 1.46 0.796 35 27 8 4 96 16 2.67 ML 101.2 10.0 0.171 2.638 1.54 26.07 0.91

D3 3.00 #N/A #N/A #N/A 7 93 ML

5.00 7.65E-04

24.334 D6 6.00 #N/A #N/A #N/A 33 67 2.66 ML

90.993 D9 9.00 #N/A #N/A #N/A 31 69 ML

D10 10.00 #N/A #N/A #N/A 30 70 ML 5.12E-04

D12 12.00 #N/A #N/A #N/A 76 24 SM

D15 15.00 #N/A #N/A #N/A 56 44 2.65 SM 1.30E-03

20.00 7.00E-04
D22 22.00 #N/A #N/A #N/A 52 48 2.65 SM

D25 25.00 #N/A #N/A #N/A 59 41 SM 5.89E-04
D27 27.00 #N/A #N/A #N/A 53 47 SM

D29 29.00 #N/A #N/A #N/A 57 43 2.65 SM

30.00 6.41E-04

BHn-9 U1 0.60 18.3 29.90 1.41 0.857 35 26 9 6 94 18 2.67 ML 71.50 7.5 0.212 2.666 1.34 34.53 1.12

24.19583 D1 1.00 33.10 36 26 10 6 94 ML

90.88503 D2 2.00 #N/A #N/A #N/A 1 99 ML

D4 4.00 #N/A #N/A #N/A 2 98 2.66 ML

5.00 6.04E-04

D7 7.00 #N/A #N/A #N/A 11 89 ML

10.00 1.88E-04

D11 11.00 #N/A #N/A #N/A 84 16 2.65 SM

D15 15.00 #N/A #N/A #N/A 81 19 SM 2.07E-04
D19 19.00 #N/A #N/A #N/A 81 19 2.65 SM

20.00 3.57E-04

D23 23.00 #N/A #N/A #N/A 82 18 SM

25.00 2.94E-04

D27 27.00 #N/A #N/A #N/A 84 16 2.64 SM

BHn-13 UD1 0.60 18.4 29.20 1.42 0.851 48 31 17 2 98 28 2.69 ML 80.1 5.0 0.239 2.638 1.67 28.44 1.31
UD2 1.60 18.7 31.10 1.43 0.855 56 35 21 1 99 36 2.70 ML 101.3 8.0 0.205 2.643 1.43 1.28 1.28

24.35675 D3 3.00 32.90 36 25 11 1 99 ML
90.95917 D5 5.00 #N/A #N/A #N/A 15 85 ML 2.42E-03

D8 8.00 #N/A #N/A #N/A 72 28 2.65 SM
10.00 1.21E-03

D12 12.00 #N/A #N/A #N/A 80 20 SM
D15 15.00 #N/A #N/A #N/A 51 49 SM 1.41E-03
D19 19.00 #N/A #N/A #N/A 97 3 2.64 SP

20.00 1.09E-03
D22 22.00 #N/A #N/A #N/A 95 5 SP
D25 25.00 #N/A #N/A #N/A 88 12 SP-SM 9.17E-04
D29 29.00 #N/A #N/A #N/A 92 8 2.65 SP-SM

30.00 5.90E-04

BHn-17 UD1 0.60 18.5 28.20 1.44 0.813 35 27 8 2 98 18 2.67 ML 64.4 8.5 0.164 2.652 1.43 28.39 0.88

24.509 UD2 1.40 18.9 29.60 1.46 0.801 42 24 18 3 97 28 2.68 ML 114.4 8.0 0.272 2.640 1.45 30.32 1.54

91.13333 UD3 4.60 19.0 32.90 1.43 0.830 33 24 9 4 96 16 2.67 ML 126.5 7.0 0.191 2.644 1.33 32.50 1.01
D8 8.00 #N/A #N/A #N/A 8 92 ML

10.00 3.05E-03
D11 11.00 #N/A #N/A #N/A 24 76 ML
D14 14.00 #N/A #N/A #N/A 23 77 ML

15.00 1.29E-03
D16 16.00 #N/A #N/A #N/A 55 45 2.65 SM
D18 18.00 #N/A #N/A #N/A 93 7 SP-SM
D19 19.00 #N/A #N/A #N/A 64 36 SM

20.00 1.05E-03
D21 21.00 #N/A #N/A #N/A 68 32 SM
D24 24.00 #N/A #N/A #N/A 73 27 SM

25.00 7.60E-04
D26 26.00 #N/A #N/A #N/A 69 31 SM
D27 27.00 #N/A #N/A #N/A 65 35 2.64 SM
D28 28.00 #N/A #N/A #N/A 64 36 SM
D29 29.00 #N/A #N/A #N/A 68 32 SM

BHn-18 D1 1.00 #N/A #N/A #N/A 13 87 ML

24.72558 D3 3.00 37.20 35 26 9 4 96 ML
90.91225 U1 3.40 16.2 33.80 1.21 1.161 35 26 9 1 99 14 2.67 ML 64.9 7.5 0.241 2.645 1.40 29.69 1.18

D5 5.00 #N/A #N/A #N/A 24 76 ML 3.22E-03
D8 8.00 #N/A #N/A #N/A 50 50 2.66 ML

10.00 1.99E-03
D12 12.00 #N/A #N/A #N/A 58 42 SM
D14 14.00 #N/A #N/A #N/A 80 20 SM

15.00 1.52E-03
D20 20.00 #N/A #N/A #N/A 68 32 SM 1.35E-03
D25 25.00 #N/A #N/A #N/A 17 83 ML
D26 26.00 31.17 36 24 12 6 94 13 2.67 CL
D27 27.00 27.39 38 24 14 24 76 10 2.68 CL
D29 29.00 44.50 57 29 28 7 93 31 2.70 CH
D30 30.00 27.45 34 24 10 50 50 SC

Classification of
Soil

USCS Group
Symbol
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Source: JICA Study Team 

2.3  Soil Parameter 

Cohesion of soft silt layer is set from the results of laboratory test and DCT. 

The relation between unconfined compressive strength (qu) and cone resistance (qc) is 

presented by the following formula Eq.1 according to “Road Earthwork Guideline for 

Countermeasures of Soft Ground, Japan Road Association”. 

qu = (1/10 to 1/15)qc  (Eq.1) 

The correlation between unconfined compressive strength and cone resistance is in the range 

of Eq.1, although unevenness is recognized because the drilling survey and DCT were 

conducted at different places. 

Then, unconfined compressive strength shall be estimated from cone resistance by Eq. 2. And 

cohesion can be estimated by Eq.3, as cu=qu/2. 

qu=1/15qc  (Eq.2) 

cu=qu/2=1/30qc  (Eq.3) 

SUMMARY OF SOIL TEST RESULTS(2)
Bore Sample Depth Wet NMC Dry Void LL PL PI Sand Silt/ Clay Specific Unconfined Com Consolidation Test Organic Coefficient
Hole No. of Unit density Ratio Clay Gravity pression Test Content of
No. Tested Sample Weight e Specific Dry Moisture Initial by Loss-on Permeability

qu SF Cc Gravity Density Content Void Ignition
(m) (kN/m3) (%) (g/cm3) (%) (%) (%) (%) (%) (%) (kPa) (%) (g/cm3) (%) Ratio % (cm/sec)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 18 19

BHr-1 U1 0.60 19.8 27.00 1.56 0.691 46 27 19 2 98 30 2.69 ML 81.7 7.0 0.162 2.628 1.56 26.19 0.87

24.36758 D1 1.00 25.40 45 27 18 3 97 ML
91.64572 D2 2.00 25.29 41 26 15 7 93 ML

U2 2.60 18.8 23.90 1.52 0.731 40 28 12 3 97 19 2.68 ML 114.9 7.5 0.123 2.625 1.69 21.76 0.69
D8 8.00 #N/A #N/A #N/A 82 18 SM

10.00 1.65E-03
D11 11.00 #N/A #N/A #N/A 72 28 2.64 SM
D13 13.00 #N/A #N/A #N/A 80 20 SM

15.00 6.26E-04
D16 16.00 #N/A #N/A #N/A 73 27 SM
D19 19.00 #N/A #N/A #N/A 69 31 2.65 SM

20.00 5.39E-04
D22 22.00 #N/A #N/A #N/A 80 20 SM
D24 24.00 #N/A #N/A #N/A 93 7 SP-SM

25.00 7.65E-04
D26 26.00 #N/A #N/A #N/A 77 23 2.67 SM

30.00 5.12E-04

BHr-7 D2 2.00 #N/A #N/A #N/A 34 66 2.66 ML

D4 4.00 #N/A #N/A #N/A 31 69 ML
25.01478 D6 6.00 #N/A #N/A #N/A 28 72 ML

10.00 1.22E-03
90.62486 D11 11.00 #N/A #N/A #N/A 51 49 2.66 SM

15.00 6.55E-04
D16 16.00 #N/A #N/A #N/A 75 25 2.65 SM
D20 20.00 #N/A #N/A #N/A 88 12 SP-SM 8.48E-04
D24 24.00 #N/A #N/A #N/A 93 7 2.64 SP-SM

25.00 7.76E-04
D28 28.00 #N/A #N/A #N/A 92 8 2.64 SP-SM

BHr-8 D3 3.00 #N/A #N/A #N/A 93 7 2.64 SP-SM

5.00 4.21E-03
D6 6.00 #N/A #N/A #N/A 82 18 SM

24.13386 D9 9.00 #N/A #N/A #N/A 61 39 2.66 SM
10.00 2.97E-03

90.92586 D13 13.00 #N/A #N/A #N/A 78 22 SM
15.00 1.98E-03

D17 17.00 #N/A #N/A #N/A 85 15 2.64 SM
20.00 1.46E-03

D24 24.00 #N/A #N/A #N/A 82 18 2.65 SM
25.00 2.14E-03

D27 27.00 #N/A #N/A #N/A 79 21 SM
D30 30.00 27.70 35 27 8 1 99 2.68 ML

BHr-9 U1 0.60 18.3 29.80 1.41 0.863 39 24 15 1 99 22 2.68 CL 89.1 5.0 0.207 2.650 1.35 33.82 1.01

U2 1.60 17.1 42.30 1.20 1.210 58 37 21 1 99 31 2.71 MH 93.8 9.0 0.286 2.645 1.15 39.50 1.36
U3 2.60 16.3 41.30 1.15 1.311 73 47 26 1 99 35 2.72 MH 41.6 6.5 0.212 2.645 1.15 38.74 1.19
D4 4.00 #N/A #N/A #N/A 63 37 SM
D5 5.00 #N/A #N/A #N/A 12 88 ML 2.50E-03
D7 7.00 #N/A #N/A #N/A 49 51 ML
D9 9.00 #N/A #N/A #N/A 68 32 SM

10.00 1.15E-03
D12 12.00 #N/A #N/A #N/A 66 34 SM

15.00 7.21E-04
D16 16.00 #N/A #N/A #N/A 50 50 SM
D20 20.00 #N/A #N/A #N/A 73 27 2.65 SM 1.01E-03
D24 24.00 #N/A #N/A #N/A 68 32 SM
D28 28.00 #N/A #N/A #N/A 82 18 2.64 SM

Classification of
Soil

USCS Group
Symbol
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Source: JICA Study Team 

Fig. 2.5  Correlation between cone resistance (qc) and unconfined strength (qu) 

The strength of intermediate and bearing layer is presumed by cone resistance for cohesive 

soil and empirical equation of φ = (15N)0.5+15 for internal friction angle of sand. Density is 

supposed as typical value. 

In addition, the relation between friction angle φ and cone resistance can be estimated by 

following Eq.4 (BS EN 1997-2:2007).  

φ = 13.5 x log qc + 23 (Eq.4) 

Table 2.1  Setting soil parameter 

 
Soft Layer Intermediate Layer Bearing Layer 

Silt Layer Silt Layer Sand Layer Silt Layer Sand Layer

Specific gravity Gs 2.65 2.65 2.65 2.65 2.65 

Wet density ρt(kN/m2) 18 19 21 19 21 

Dry density ρd(kN/m2) 13 14.5 17.5 15 18 

Water content wn(%) 38 30 20 25 20 

Void ratio e 1.0 0.8 0.5 0.7 0.5 

Cone penetration 
resistance qc(kN/m2) 

800 1,500 － 4,500 － 

N-value － － 20 － 30 

Unconfined compressive 
strength qu(kN/m2) 

53 100 0 300 0 

Cohesion cu(kN/m2) 27 50 0 150 0 

Internal friction angle 
φ(deg) 

0 0 32 0 36 

Compression index Cc 0.2 0.1 － － － 

Coefficient of compressibility
cv(m2/day) 

1x10-2 1x10-2 － － － 

Source: JICA Study Team 
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3. Settlement 

3.1  Consolidation Test Result 

Figure 3.1 shows e ~ log(p) curves. The pre-compression load will be more than 200kN/m2 

because void ratio comes down after 200kN/m2. This matter shows overburden was generally 

more than 20tf/m2, but it is impossible to consider the overburden like this in the project area. 

This is considered to be effect of drying shrinkage in dry season. 

Figure 3.2 shows correlation between void ratio e and compression index Cc, indicating a 

extremely good correlation. The average void ratio of undisturbed samples is e=0.94, of 

which correspondent compression index will be Cc=0.17. This value is small due to cohesive 

soil of dominant silt contents. 
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Source: JICA Study Team 

Figure 3.1  e ~ log(p) curves 
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Figure 3.2  Correlation between Void ratio e and Compression index Cc 

 

3.2  Setting Compression Index 

As laboratory test result shows Cc=0.15~0.3, average 0.20, consolidation settlement is 

considerably low.  

Estimate equations for Cc are as follows: 

Cc = 0.009( WL - 10 ) Skempton  

Cc = 0.017 ( WL - 18 ) Nobi Plain 

From above equations, Skempton derives Cc=0.18- 0.36 using liquid limit of 30- 50%, and 

Nobi Plain derives Cc=0.12- 0.29 using natural water content of 25- 35%. These results are 

almost same range as laboratory result.  

As a result, representative compression index in the investigation area is assumed to be 

Cc=0.20. 

3.3  Preliminary Settlement Estimation 

(1) Basic condition for study of consolidation 

Objective consolidation layer will be soft ground of N<4 or qc<0.8Mpa.  

Thickness of soft ground is less than 6m from observed N-value, and less than 12m from 

observed qc. Embankment height is less than 4m, slope gradient of 1:3.0 and crest width of 

4.3m. Embankment rising rate is 3cm/day as general value for soft ground. 

(2) Soil parameter of soft ground 

Initial void ratio is uneven but can be set as e0=0.85. Wet (saturated) density is 19.0kN/m3. 

Compression index is Cc=0.2. Coefficient of consolidation can be cv=1.0x10-2m2/day as 

cohesive soil of dominant silt, considering common alluvial clay is 10-3 to 10-2m2/day.  
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(3) Soil parameter of embankment 

Maximum dry density can be set as central value of 17.0kN/m3 from 16.7 to 17.2kN/m3. 

Given compaction degree of 95%, dry density is 16.2kN/m3. If optimum moisture content is 

18% as central value, wet density is 19.1kN/m3 and saturated density is 20.2kN/m3. 

Table 3.1  Soil Properties 

 

 

 

 

Source: JICA Study Team 

 

(4) Settlement by Consolidation 

Figure 3.3 shows estimated settlement due to consolidation. 

Total settlement can be estimated as 26cm under the condition of soft ground thickness 12m 

and embankment height 4m. As residual settlement can be 20cm after construction of 

embankment, problem due to settlement will not occur. If the thickness of soft ground is 

smaller than 5m, residual settlement can be estimated less than 10cm.  
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Figure 3.3  Estimated Settlement due to Consolidation 

Specific gravity
Natural water

content
Water content

at satration
Dry density

Saturated
density

Wet density Void ratio
Compression

index
Coefficientof
consolidation

wn wsat ρd ρsat ρt Cv

(%) (%) (kN/m3) (kN/m3) (kN/m3) m2/day

Soft layer 2.66 32.0 32.0 14.4 19.0 19.0 0.85 0.2 1x10-2

Embankment 2.68 18.0 24.4 16.2 20.2 19.1 0.65

e CcGs
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4. Embankment Material 

4.1  Result of Laboratory Test for Embankment Material 

(1) Physical Characteristics 

Figure 4.1 shows the gradation curve, and materials are cohesive soil mainly composed by silt 

with sand fraction of less than 12%. The silt fraction shows around 70 to 90% (Average 80%). 
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Figure 4.1   Grain Size Curve 

Figure 4.2 shows plasticity chart, and soil classification of materials are comprised in ML (silt 

with low liquid limit), partly MH (silt with high liquid limit) and CH (clay with high liquid 

limit). 
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Source: JICA Study Team (Plastic Chart is based on British Standard） 

Figure 4.2   Plasticity chart 
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(2) Compaction Characteristics 

Figure 4.3 shows compaction curve.  

Table 4.1 shows the relationship between optimum moisture content and dry density. This 

data show that optimum moisture content of 18% and dry density of around 1.7g/cm3 with 

unevenness. 

 

Table 4.1 Compaction Test Result 

 Maximum dry density 

ρdmax (g/cm3) 

Optimum moisture content

Wopt (%) 

Wet density 

ρt (g/cm3) 

Range 1.57~1.79 14.2~20.0 1.86~2.09 

Average 1.69 17.6 1.99 
Source: JICA Study Team 
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Figure 4.3 Compaction Curve 

 

(3) Soil Strength Characteristics 

1) Unconfined compression strength test 

Unconfined compression strength test was performed under condition of compaction degree 

of 90% and 95%. 
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Figure 4.4 shows the correlation between void ratio (e) and unconfined compression strength 

(qu), with tendency of less qu in proportion as more e. 

The strength of materials are classified to two categories, namely bigger strength is included 

in MH (silt with high liquid limit).  

For D=90%, qu is expected more than 60kN/m2, and for D=95%, qu is expected more than 

100kN/m2. 

Figure 4.5 shows the correlation between clay contents and qu, with tendency of much qu in 

proportion as more clay content. 

Figure 4.6 shows the correlation between qu of 90% and qu of 95%, with result that the latter 

shows 1.5 times of the former. 
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Figure 4.4 Unconfined Compression Strength and Void Ratio 
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Figure 4.5  Unconfined compression strength and clay content 
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Source: JICA Study Team 

Figure 4.6 Relation of unconfined compression strength with D=90% and D=95% 
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2) Triaxial compressive strength test 

The following table shows the strength of compacted material presumed from the triaxial 

compressive strength test results. In addition, unconfined compression test results are also 

evaluated comprehensively as triaxial compressive strength test as of confining pressure zero, 

for estimating strength parameter. 

Table 4.1 Estimation for Strength Parameter from Triaxial Compression Test Result 

Location Condition*1 
Dry 

density 
ρd (g/cm3) 

Water 
content 
w (%) 

Degree of 
compaction 

D (%) 

Cohesion 
cu (kN/m2) 

Internal friction 
angle 

φu (deg) 

n-2 Sat. 
1.40~1.43 
(1.418)*2 

17.2~19.0 
(18.2) *2 

89.3~91.3 
(90.5) *2 

40 3 

n-6 Sat. 
1.51~1.53 
(1.518) *2 

10.8~19.0 
(13.2) *2 

90.2~91.4 
(90.7) *2 

49 9 

n-9 Uns. 
1.61~1.64 
(1.633) *2 

13.0~14.2 
(13.5) *2 

89.9~91.6 
(91.2) *2 

43 3 

n-17 Uns. 
1.60~1.70 
(1.643) *2 

14.6~18.0 
(16.2) *2 

90.1~95.8 
(92.5) *2 

38 11 

n-18 Uns. 
1.46~1.50 
(1.480) *2 

18.5~20.0 
(19.6) *2 

90.1~92.6 
(91.4) *2 

46 15 

Source: JICA Study Team 
*1 : Sat. is saturated and Uns. is unsaturated before triaxial compression test is done, 
*2 : The values given in parentheses are mean. 
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Source: JICA Study Team 

Figure 4.7  Results of Unconfined Compression Test and Triaxial Compression Test 
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(4) Advisability for Embankment Material 

The embankment material should fill the following conditions according to the Manual of 

River Earthwork in Japan. In terms of soil classification, silt is possible to be used for 

embankment if moisture content is proper.  

 

 

 

 

 

 

 

 

 

 

Source: The Manual of River Earthwork, Japan 

The descriptions regarding expected embankment materials are as follows:   

 

 

 

 

 

 

 

Source: The Manual of River Earthwork, Japan 

 

In terms of the grain size distribution, the materials with much silt content have high risk of 

cracks, according to the proper range for embankment materials by US Reclamation Bureau.  

 

1) Grain size distribution should provide high density, and stable embankment 

with high shear strength. 

2) Impermeable as much as possible, without seepage extending to toe of slope 

of protected area side.   

3) Materials of no deformation and no expansivity so as not to effect to 

embankment body. 

4) Good workability, especially easy to compact. 

5) Stable and safe for sliding and clack against environmental variation such as 

inundation and dryness. 

6) No content of deleterious organic matter and dissolving ingredient. 

1) Soil of not much silt content: slope failure is apt to occur in the embankment 

of degraded shearing resistance by erosion and seepage water. Those weakened 

soil is considered to be affected by silt content.   

2) Soil of not much content of fine grained fraction (<0.075mm): As soil of fine 

grained fraction of more than 50% is apt to be cracked in dry condition, it is 

preferable to use the soil of less than 50%. 
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Source: The Manual of River Earthwork, Japan 

Figure 4.8  Range Sample for Embankment Material (USRB 1974) 

Therefore, if the silty materials will be used for embankment, it is important to consider the 

following matters; 

- Take measures so as not to be cracked in embankment body. 

- Take measures so as not to be eroded. 

- Take consideration for slope stability in infiltration of seepage water.    

Vegetation is generally effective for countermeasures against cracks and erosion. Especially 

Dubra Grass of endemic species as slope protection is widely used in this region, so this 

method is considered to be also effective for the slope protection of submergible embankment. 

Dubra Grass will die down by submergence, however its roots survives and may prevent 

cracks and erosion partly. If ineffective by only vegetation, covering by high quality soil 

(above-mentioned blended grained soil) or geo-textile is considered to be good measures.  
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Table 4.2  Soil Evaluation as Embankment Material 

Soil Classification 
Evaluation for 

Embankment Material 
Countermeasures 

Name 
Symbol 

(JUSCS*) 
Evalu-
ation 

Issues to be concerned 

C
oa

rs
e 

G
ra

in
ed

 S
oi

l 

Gravel (GW),(GP) ○ 
Permeability is very high. Measures for permeability 

and vegetation will be 
required. 

Gravelly Soil 

(G-M),(G-C), 
(G-O),(G-V), 
(GM),(GC), 
(GO),(GV), 

○ 

  

Sand (SW),(SP) ○ 
As permeability is high, 
slope collapse will be apt 
to occur. 

Measures for permeability 
will be required. 

Sandy Soil 

(S-M),(S-C), 
(S-O),(S-V), 
(SM),(SC), 
(SO),(SV), 

○ 

  

F
in

e 
G

ra
in

ed
 S

oi
l 

Silt (ML),(MH) ○ If soil is wet, it is hard to 
construct by machine, as 
compaction might not be 
enough. 
(Countermeasure will be 
required as the case.) 

Cut down of moisture 
content by drying, or 
stabilize by soil 
stabilization additive. 

Cohesive Soil (CL),(CH) ○ 

Volcanic 
Cohesive Soil 

(OV),(VH1), 
(VH2) 

○ 

Organic Soil (OL), (OH) △ 

As frequent high moisture 
content, compaction and 
forming by machine are 
difficult without 
modification.  

Cut down of moisture 
content by drying, or 
stabilize by soil 
stabilization additive, or 
grain size control using 
good soil. 

Highly Organic Soil (Pt),(Mk) ☓ 

As high moisture content, 
compaction is very difficult. 
Compressive deformation is 
large and stability is low for 
environmental variation such 
as flooding and drying. 

 

○ Possible to use as embankment material 
△ Possible to use as embankment material if some countermeasures are done 
☓ Inappropreate for embankment material 

*: Japan Unified Soil classification system 

Source: River Earthwork Manual 
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                         FOR EMBANKMENT MATERIAL

Scheme Coordinate Specific Unconfined Com-pression

No. Gravity
Sand Silt Clay MDD Void OMC

ratio qu e SF qu e SF qu SF
(%) (%) (%) (%) (%) (%) (%) (gm/cm3) e (%) (kPa) (%) (kPa) (%) (kPa) (%)

n-2 TP-1
N-240 58' 06.2"

E-910 04' 57.6"
13.4 44 28 16 3 73 24 2.68 ML 1.71 0.57 17.0 55.4 0.74 3.5 81.5 0.649 2.0

n-2 TP-2
N- 25º 02′ 35.1″
E- 91º 03′ 44.7″

30.9 35 25 10 5 76 19 2.67 ML 1.67 0.60 16.9 76.8 0.782 3.5 97.1 0.688 2.5

n-2 TP-3
N- 25º 02′ 59.6″
E- 91º 00′ 00.5″ 18.8 55 35 20 2 68 30 2.71 MH 1.57 0.73 19.0 83.8 0.922 2.0 157.0 0.8 1.5

n-6 TP-1
N-240 22' 49.8"

E-910 01' 55.1"
34.1 #N/A #N/A #N/A 3 92 5 2.66 ML 1.67 0.59 18.0 68.9 0.767 3.5 137.1 0.674 2.5

n-6 TP-2
N-240 17' 31.4"

E-910 04' 37.8"
25.9 31 25 6 4 83 13 2.67 ML 1.70 0.57 16.1 85.7 0.7 2.5 130.1 0.7 3.5

n-6 TP-3
N-240 19' 57.7"

E-910 07' 06.4"
19.8 51 29 22 5 72 23 2.72 MH 1.67 0.62 19.0 109.1 0.805 2.0 177.1 0.71 2.5

n-9 TP-1
N-240 12' 00.7"

E-900 54' 02.4"
21.6 #N/A #N/A #N/A 9 91 0 2.66 ML 1.59 0.67 19.2 43.4 0.86 5.0 115.4 0.762 2.5

n-9 TP-2
N-240 13' 46.2"

E-900 52' 34.4"
16.6 #N/A #N/A #N/A 12 88 0 2.66 ML 1.70 0.56 16.5 53.1 0.738 5.5 59.3 0.646 4.5

n-9 TP-3
N-240 12' 41.9"

E-900 51' 20.8"
17.8 33 24 9 8 82 10 2.67 ML 1.79 0.49 14.2 91.8 0.66 2.0 144.3 0.573 3.0

n-17 TP-1
N-240 30' 29.8"

E-910 09' 26.0"
18.7 53 28 25 3 65 32 2.71 CH 1.78 0.53 18.0 89.4 0.696 7.0 134.4 0.607 7.5

n-17 TP-2 N-240 30' 11.0"

E-910 06' 58.0"
29.7 37 25 12 2 78 20 2.68 ML 1.75 0.54 16.0 106.2 0.706 2.5 150.1 0.617 3.0

n-17 TP-3
N-240 27' 33.1"

E-910 06' 53.0"
23.9 38 27 11 1 80 19 2.68 ML 1.69 0.58 17.8 83.4 0.76 2.5 110.2 0.667 2.0

n-18 TP-1
N-240 46' 36.0"

E-900 53' 46.8"
24.4 35 27 8 4 86 10 2.67 ML 1.72 0.56 18.4 61.7 0.7 2.5 98.9 0.6 3.0

n-18 TP-2 N-240 25' 40.8"

E-900 55' 16.5"
25.9 38 26 12 3 81 16 2.68 ML 1.72 0.56 18.6 77.7 0.7 2.5 99.5 0.64 3.5

n-18 TP-3
N-240 44' 24.8"

E-900 56' 36.0"
24.8 47 28 19 1 72 27 2.69 ML 1.62 0.66 20.0 125.7 0.845 2.5 149.7 0.748 2.5

D=90% D=95%

SUMMARY OF CLASSIFICATION AND COMPACTION CHARACTERISTICS 

Test Pit
No.

Water
Content

Liquid
Limit

Plastic
Limit

Plasticity
Index Grain Size Analysis Proctor Compaction Test Trixial Shear

Test (UU) Test

Classification of
Soil

USCS Group
Symbol

Source: JICA Study Team 
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4.2  Required Strength of Embankment Material 

(1) Basic Condition 

Embankment section is considering the most dangerous condition as follows: 

  - Height of embankment; 4.0m  

  - Slope gradient; 1: 2.0 

  - Seepage water; rapid rising and falling condition of flood water level 

  - Density of embankment; D= 95% 

(2) Result of Calculation 

As a result of slope stability analysis, cohesion is 14kN/m2 to satisfy the required safety factor 

of 1.2 as shown in Figure 4.9.  

As cohesion is expected as 38 49 kN/m2 according to the unconfined compression tests and 

tri-axial tests, then the initial strength of embankment is enough. The strength must not 

decrease up to cu=14kn/m2 even under the repeating submergence and dry.  

Assuming that initial strength is 38kN/m2, 14kN/m2 is corresponding 37% (63% strength 

reduction). According to the dry-wet test up to 8 cycles test at present, the strength reduction 

is 45% from initial strength under the condition of compaction degree of 90%, and 36% under 

compaction degree of 98%. For compaction degree of 80%, dry-wet cyclic test is not able 

over 4 cycles, since any specimens cannot keep their form. The strength reduction under 

compaction degree of 90% is within the allowable range according to the result of dry-wet 

test up to 8 cycles. 

Table 4.2 Slope Stability Analysis Result 

Cohesion Min. safety factor 

Cu (kN/m2) Rising Drop down 

10 1.003 0.919 

12 1.204 1.102 

13 - 1.194 

14 - 1.286 

20 2.006 1.837 

30 3.009 2.756 
Source: JICA Study Team 

 

4.3  Shape of Embankment 

(1) Study for Embankment Stability 

Cohesive soil of N<4 and qc<0.8Mpa might be problem for embankment stability. 

Assuming qc=0.8Mpa up to GL.-10m, stability has been examined. 

1) Basic Condition 

Set cohesion of cohesive soil as follows: 

cu=1/2qu=1/30qc=1/30*0.8Mpa=26.7kN/m2 
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Table 4.3 Analytical Parameter 

Analytical parameter Embankment Soft ground 

Saturated density ρsat (kN/m3) 20.2 18.0 

Wet density ρt (kN/m3) 19.1 18.0 

Cohesion cu(kN/m2) 10.0 26.7 

Friction angle φu(deg) 0.0 0.0 

Source: JICA Study Team 

 

2) Water level condition 

Set residual water level condition at depression head. 

3) Embankment shape 

Set three kinds of height as H=2.0m, 3.0m, 4.0m. 

Set two kinds of slope gradient as 1: 2.0 and 1: 3.0. 

Set crest width as 4.3m. 

4) Result of calculation 

Table 4.4 shows the result of calculation, cu=26.7kN/m2 satisfies the required safety factor. 

Cohesion of more than 23kN/m2 satisfies the safety factor of 1.2 as shown in Figure 4.9. 

Therefore, cone resistance of more than 0.8Mpa will be evaluated as no problem in stability.  

Table 4.4  Stability Analysis Result 

Embankment 

Height (m) 

Cohesion of Grand Min. safety factor 

cu (kN/m2) Slope=1:2.0 Slope=1:3.0 

4 26.7 1.378 1.457 

4 25.0 1.321 1.368 

4 22.0 1.174 1.211 

4 20.0 1.075 1.107 
Source: JICA Study Team 
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Source: JICA Study Team 

Figure 4.9  Cohesion and safety factor 

(2) Soft Ground 

The cone resistance of less than 0.8Mpa is corresponding as soft ground. 

The most soft ground is qc=0.3Mpa of GL.-3.0m at DCT-1 point in n-6 area. Embankment 

shape will be examined at this point. 

1) Analytical parameter 

The strength of soft ground at this point will be found as using foresaid formula Eq.2 and 

Eq.3. 

Table 4.5  Analytical Parameter(2) 

Parameter Embankment Soft grand 

Saturated density ρsat (kN/m3) 20.2 18.0 

Wet density ρt (kN/m3) 19.1 18.0 

cohesion cu(kN/m2) 10.0 15.0 

Internal friction angle φu(deg) 0.0 0.0 

Source: JICA Study Team 

 

2) Water level condition 

Set residual water level condition at depression head. 

3) Embankment shape 

Set three kinds of height as H=2.0m, 3.0m, 4.0m. 

Set two kinds of slope gradient as 1: 2.0 and 1: 3.0. 

Set crest width as 4.3m. 

4) Result of calculation 
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The required safety ratio of 1.2 cannot be satisfied in case of height of more than 2.0m as 

shown in the Table below. 

Table 4.6  Minimum safety factor with embankment height on soft ground 

Embankment 

Height (m) 

Min. safety factor 

Slope=1:2.0 Slope=1:3.0 

4 0.688 0.792 

3 0.882 0.975 

2.5 - 1.112 

2 1.216 1.357 
Source: JICA Study Team 

 

The maximum height will be 2.0m at the gradient of 1:2.0, and 2.3m at the gradient of 1:3.0 

as shown in Figure 4.10. Therefore, it is required that embankment alignment shall be 

changed to avoid the soft ground in case of further embankment height. 
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Figure 4.9  Embankment height and safety factor 

 

5. Method of Dry-Wet Cycle Test for Evaluating of Decrease of Local Durability on 

Submergible Embankment due to Repeated Submergence 

5.1  Objectives of Test 

Submergible embankment will be supposed to deteriorate gradually due to decrease of surface local 

durability under the condition of repeated submergence and drying process. This decrease of local 

durability is more strongly influenced by surface density reduction due to swelling and cracks through 

saturation and drying process if the compaction work of embankment was not carried out sufficiently. 

The purpose of this test was to examine the relation between density and durability reduction through 

dry-wet cycle by evaluating unconfined compression strength as an indicator, using specimens compacted 
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with various degree. 

5.2  Condition of Test 

Optimum moisture content (Wopt) and maximum dry density (ρdmax) of the embankment material was 

obtained by corresponding compaction test. Local durability of embankment was evaluated by using 

unconfined compression strength as an indicator, therefore unconfined compression tests (UCTs) were 

carried out for 2 specimens per 1 cycle. Number of tests is presented in following table. 

Table 5.1 Numer of Case and Tes 

Case No. 
Moisture 
Content 

Degree of 
Compaction 

Wet and Dry Condition 
Number of 

Specimens for UCT
D80-0a Wopt 80% None (already finished by compaction test) 2 

14 

D80-0b Wet 2 
D80-01 Wet → (Dry → Wet）x 1 cycle 2 
D80-02 Wet → (Dry → Wet）x 2 cycle 2 
D80-04 Wet → (Dry → Wet）x 4 cycle 2 
D80-08 Wet → (Dry → Wet）x 8 cycle 2 
D80-16 Wet → (Dry → Wet）x 16 cycle 2 
D90-0a Wopt 90% None (already finished by compaction test) 2 

14 

D90-0b Wet 2 
D90-01 Wet → (Dry → Wet）x 1 cycle 2 
D90-02 Wet → (Dry → Wet）x 2 cycle 2 
D90-04 Wet → (Dry → Wet）x 4 cycle 2 
D90-08 Wet → (Dry → Wet）x 8 cycle 2 
D90-16 Wet → (Dry → Wet）x 16 cycle 2 
D95-0a Wopt 95% None (already finished by compaction test) 2 

14 

D95-0b Wet 2 
D95-01 Wet → (Dry → Wet）x 1 cycle 2 
D95-02 Wet → (Dry → Wet）x 2 cycle 2 
D95-04 Wet → (Dry → Wet）x 4 cycle 2 
D95-08 Wet → (Dry → Wet）x 8 cycle 2 
D95-16 Wet → (Dry → Wet）x 16 cycle 2 
D100-0a Wopt 100% None (already finished by compaction test) 2 

14 

D100-0b Wet 2 
D100-01 Wet → (Dry → Wet）x 1 cycle 2 
D100-02 Wet → (Dry → Wet）x 2 cycle 2 
D100-04 Wet → (Dry → Wet）x 4 cycle 2 
D100-08 Wet → (Dry → Wet）x 8 cycle 2 
D100-16 Wet → (Dry → Wet）x 16 cycle 2 

Total 56 
Source: JICA Study Team 

5.3  Preparation of Specimens 

(1) PVC pipe of 50 mm diameter was cut to around 12 cm length as the mold for a specimen. 

(2) Put a porous stone into the bottom of the PVC mold with a filter paper on it. 

(3) Prepare embankment material which is corresponding to required density in the mold of 5 cm diameter 

and 12 cm height. 

(4) Split the embankment material into 3 pieces and compact them inside the mold separately (4 cm 

thickness each x 3 layers) by a stick. 

(5) Cover a filter paper with a porous stone on the specimens. 
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Source: JICA Study Team 

Figure 5.1 Preparation of Specimens 

 

5.4  Dry-Wet Cycle and Unconfined Compression Test 

(1) The weight of the PVC pipe, porous stone and filter paper were measured before preparing specimens. 

Then, weight of the specimen was measured with the PVC pipe, porous stone and filter paper. 

(2) The specimens were kept in water tank to be submerged for 3 days, then kept under the circumstance 

which is of high temperature, well ventilated and without direct sunshine to dry for 7days. A box with 

holes like next photograph was used for this drying. 

 

(3)  (2) and (3) were repeated as required. 

(4) The specimens were thrust out from the PVC pipes and cut their upper and bottom portion by 1 cm to 

be formed. Then weight, height and diameter of the specimens were measured.  

(5) Unconfined compression tests were carried out conforming to the standard of ASTM, and moisture 

contents were measured. Two specimens were tested for 1 case and 1 cycle, therefore, the unconfined 

compression strength was defined as the average of two specimens. 

 

PVC Pipe: Inner Diameter 50mm, 

Height 12cm 

Porous Stone: 

Diameter 50mm, Height 5mm 

Filter Paper 

Filter Paper 

Porous Stone 

Specimens: 

 3 layers compation 
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5.5  Results of Dry-Wet Cycle Test 

Following table presents the relationship between unconfined compression strength and number of dry-wet 

cycles by degree of compaction. 

Table 5.2  List of Test Results 

MDD OMC qu

(%) (%) (gm/cm3) (%) (%) % (kPa) 

D98-ob Wet 25.7 97.6+97.1 97.4

D98-01 1 cycle 26.0 93.9+93.7 93.8

D98-02 2 cycle 26.1 91.2+87.6 89.4

D98-04 4 cycle 26.6 73.7+74.6 74.2

D98-08 8 cycle 26.8 64.3+59.6 62.0

D98-16 16 cycle 27.9 57.4+55.8 56.6

D90-0b Wet 27.5 90.8+82.1 86.5

D90-01 1 cycle 28.2 63.0+65.7 64.4

D90-02 2 cycle 28.7 56.5+56.0 56.3

D90-04 4 cycle 29.0 51.1+52.7 51.9

D90-08 8 cycle 29.5 49.2+45.2 47.2

D90-16 16 cycle 30.3 36.8+36.8 36.8

D80-0b Wet 33.5 70.5+70.1 70.3

D80-01 1 cycle 36.0 16.2+16.3 16.3

D80-02 2 cycle 36.7 14.3+14.3 14.3

D80-04 4 cycle  -- Not Possible  --

D80-08 8 cycle  -- Not Possible  --

D80-16 16 cycle  -- Not Possible  --

Degree of
Compaction

Average
Moisture
Content

Specimen
Number

24

80%

90%

98%

Wet and Dry
Condition

48

Plasticity
Index

Liquid
Limit

Proctor
Compaction Test

Average

qu (kPa)

Unconfined Compression
Test

18.31.68

 
Source: JICA Study Team 
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