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Soil Investigation 
Outlet Drainage Structure at C-1 Canal   Sta. 56 + 290   (BH-18 to BH-19) 

Page 2-2 
Soil boring and STP. Test Location map of Phlaichumphol O.&M. Project 

Page 2-3 

Table 2.1-1   Summary of soil boring test quantity 

Item 
No.

Boring Location Boring Number Boring Depth 

18 Outlet Drainage Structure BH-18 19.45 

19 Outlet Drainage Structure BH-19 10.45 

Page 2-9 

Table 2.2-1   Summary of the sample of soil test quantity in Laboratory 

Item 
No.

Boring Location Boring
Number

Atterberg’s
Limit 

Sieve 
Analysis 

Water 
Content

Unit
Weiggh

18 Outlet Drainage Structure BH-18 7 7 17 4

19 Outlet Drainage Structure BH-19 3 3 9 4

2.5 Soil Testing Results 

Page 2-21 

Outlet Drainage Structure at C-1 Canal   Sta. 56 + 290   (BH-18 to BH-19) 
(Cross section of soil investigation shown on Fig.J-9) 

Soil layer 1 consisted of   Medium to Hard Silty Clay / CL.  The color of this soil layer 
was brown to grey with 14.5 meter in thickness.   The natural moisture content was between 
14.3 to 23.2 % , Liquid limit between 35.0 to 44 %, Plastic Index between 19.9 to 27.0 % and 
resistance to Standard Penetration Test (SPT) between 6 blow/foot to more than 30 blow/foot 

  There is 2 meter thick of Loose to Medium Dense Clayey Sand (SC) contained in this 
layer. This material located around 5.0 meter below ground surface. The natural moisture 
content was 22.3 %. It was a fine grain size and the resistance to Standard Penetration Test 
(SPT) was between 9 blow/foot to15 blow/foot 
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Soil layer 2 consisted of   Medium to Very Dense Clayey Sand / SC.  The color of this 
soil layer was brown with 3.0 – 9.0 meter in thickness. This material located around 15.0 
meter below ground surface.   The natural moisture content was between 10.8 to 13.2 %. It 
was a coarse grain size and the resistance to Standard Penetration Test (SPT) was between 23 
blow/foot to more than 50 blow/foot 

Soil layer 3 consisted of   Medium to Dense Silty Sand / SM.  The color of this soil layer 
was gray to brown with 3.0 – 1.0 meter in thickness. This material located around 18.0 meter 
below ground surface.   The natural moisture content was between 6.31 to 11.5 %. It was a 
fine to coarse grain size and the resistance to Standard Penetration Test (SPT) was between 24 
blow/foot to more than 50 blow/foot 

The soil analysis in this area show that, the safety load of pile size between 0.30x0.30 to 
pile size 0.45x0.45 meter and pile length between 8.0 to 9.0 meter was between 32 to 65 tons 
per pile. From the soil boring result of BH-19 show that, the hard layer of soil located around 
0.50 to 3.0 meters below ground surface. It is recommended to use spread footing in this area. 
The safety load of soil bearing capacity is around 3.0 to 71 tons / square meter. 
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Soil Mechanical Analysis 

Table 3.3-1   The Soil Mechanical Analysis results of safety load of pile in each boring  

Safety Load of Square Pile   (tons/pile) 
Item 
No.

Location Pile
length
(m.) 0.30x0.30 0.35x0.35 0.40x0.40 0.45x0.45

BH
-18

Outlet Drainage 
Structure

8
9

10

32
36
40

38
43
48

45
50
56

52
58
65

BH
-19

Outlet Drainage 
Structure Recommended to use spread footing 
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Table 3.4-1   The Soil Mechanical Analysis results of safety load of Soil bearing capacity 

Bearing Capacity   (tons/sq.m.)   

For strip foundation For square foundation
Boring

No.
Location Depth

(m.) 

Ultimate Allowable Ultimate Allowable

.5 9.94 3 12.83 4

1.00 10.24 3 13.13 4

1.50 10.54 4 13.43 4

2.00 10.84 4 13.73 5

2.50 59.36 20 76.70 26

3.00 59.81 20 77.15 26

BH
-18

Outlet Drainage 
Structure

    

.5 161.13 54 209.31 70

1.00 161.63 54 209.81 70

1.50 162.13 54 210.31 70

2.00 162.63 54 210.81 70

2.50 163.13 54 211.31 70

3.00 163.63 55 211.81 71

BH
-19

Outlet Drainage 
Structure
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       C.3.3.1.3 Temporary Works

1

2

1

DR 15-8 . Drainage canal

      Inlet
                  Outlet Spillway culvert

Temporar dike

Nan river

Stage-2 . After completion of concreting on transition part , second water stopping by
               big sand bags ( 1.0 cum bag) with normal sand bags( 60 kg bag) & waterproffing
               sheet at the backsife of sandbag coffer dam for the construction of gate site.

Gabion mattless

                                                                                         Pump for de-watering
                                                                                                     Steel sheet piling

                                                Gabion mattless

             with normal sand bags water-stop at the bach side of the sheet piling ,after piling

Irrigation Canal

Temporary works at the Inlet
For the de-watering in full water condation in the irrigation canal , following two stages shall
be recommended in the construction.

Stage-1.for first water stopping by steel sheet piling ( L = 12.00 m approx.) in rental charge 

             works , de-watering by the portable pump at the site.

The rice production in this area is two to three times per year in full time and the water
requirement also full season from the farmers ,then , the construction of the above structure
shall be in water then de-watering works shall be need.

Temporary works for the de-watering at the Inlet and the Outlet

General
The objected area in the facilities - Outlet Drainage Structure at Sta.56+151.898 - is located 
at the area between Nan river and Yom river in the Phalai Chumpon Rehabilitation Project
area in Nakhon Sawan Province .

Temporary Works  for the Construction of Outlet Drainage Structure at Sta.56+151.898
in

Phlai Chunpon Main Canal Rehabilitation Project
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2

3

1

No. Spec. Unit Quantity Unit price Total Remarks

1 II type ton 84 1800 151,200 60 days

2 35 ton day 15 11607 174,105 15 days
3 150 mm day 60 1700 102,000 2 months
4 Vibro hummeday 15 2100 31,500 15 days
5 0.5 man / day day 30 450 13500
6 day 240 300 72000 4 labors
7 1.00 cum bag bag 220 350 77,000

8 0.45 cum day 3 5818 17,454

9 day 10 450 4,500

10 day 70 300 21,000

11 8 ton day 3 4436 13,308

677,567

678,000 Bahts

2 Temporary Works for Out let construction in Drainage canal

No. Spec. Unit Quantity Unit price Total Remarks

1 150 mm day 30 1700 51,000

2 11 ton day 3 6458 19,374

3 D=600 mm m 100 5000 500,000

4 day 10 450 4,500

5 day 30 300 9,000

6 6 ton day 3 3510 10530

594,404

594,000

Inlet LS 1 678,000

Outlet LS 1 594,000

1,272,000 Bahts

Final

Summary of the Temporary Cost

Bulldozer

Vinel pipe 

Fore man

Ground Total

Normal track

Total

Temporary Cost

Temporary Cost

Backhow

Fore man

    Normal coffer dike with plastic vinil pipe D = 600 mm 2 ranges with pumping facilities.

Common labour

Description

Pump with generator

Common labour

Normal track

Total

Steel sheet pile

Track crane

Temporary Works for Inlet construction in Irrigation canal

Final

Description

Pump with generator

Piling machine

Fore man

Common labour

Big sand bag

with bypass piping with pumping de-watering .

Cost estimates on Temporary Works

        Checking results of water flow conditions at the objected site in existing drop structure ,
very little flow conditions in December, January and March , then , the construction of concret
works and gabion protection works shall be carried in small temporary works - Coffer dam 

Temporary works at the Outlet in Drainage canal  DR 15-8
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C.3.3.1.6 REPORT ON PROJECT COSTS 

1. Project Costs 

1-1. Collect of Data on Cost Estimate 

The JICA Team collected the following data for cost estimates of Phlai Chumphon 

outlet drainage structure at km. 56+151.898 from RID and Thai consultants. 

Construction Drawings 

Quantity calculation sheets 

Project costs including summary of quantity calculation 

Calculation criteria for government standard cost of irrigation construction 

works issued by the Comptroller General’s Department, Ministry of Finance 

in February 2012 

Construction and quantity calculations provided by RID were checked. However, 

there were some differences between drawings and quantities, particularly in earth 

work. For the inquiry of the Team on some back data and breakdowns, RID replied 

that there were no other data even cross sections to be used for earth work 

calculation.

1-2. Quantity Calculation of Construction Materials 

We have received the back data of quantity calculation on the project through RID. 

According to our review the quantity calculation was not clear well. Specially, 

quantity of earth works was calculated using few typical sections without reflecting 

the road and embankment shown in the plan of the structure. We therefore asked 

the RID of the more detailed documents or back data, but no documents and data 

could get any more. Accordingly, we did recalculation of the quantity by ourselves. 

As for earth works we made cross section at every concrete joints and estimated 

the existing ground line from the 10 m interval topographical survey. 

1-3. Unit Costs 

Unit costs applied to this project were obtained from the government calculation 

criteria and basic material costs as of April 2011. Those unit costs were updated 

based on recent material costs as well as labor costs. Regarding the prices for the 

steel gates, we obtained from gate manufactures in Phitsanulok and Bangkok. 

As for the indirect costs, the government criteria used Factor “F” which include 

management fee, interest, profit and VAT and it depends on the project costs (direct 
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costs) showing the tables attached in the government criteria.  

As to the costs for construction supervision, the original plan estimated at 3% of 

direct costs in case of the supervision by RID. The revised costs plan was made in 

case of the supervision by local consultants not by RID according to the project 

implementation method. 

1-4. Project Costs 

Using revised quantities and unit costs, project costs were estimated at 40,100,000 

baht which is nearly the same as the RID estimated original costs of 39,518,000 

baht.
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C.3.3.2 RID Original Project Costs
C.3.3.2.1 Original Project Costs of Outlet Drainage Structure at km 56+151.898 of C-1 Main Canal
Item ] Unit Quantity Unit Cost Total Cost Sum

Side Drainage Regulator   Sta. 56+151.898  of  PR.(C-1) Canal
1. Earth Work
1.1 - Clearing work by machine sq.m. 7,300.00 17.06 124,538.00
1.2 - Striping work by machine cu.m. 2,725.00 16.88 45,998.00
1.3 - Earth excavation work by machine cu.m. 28,650.00 52.23 1,496,389.50
1.4 - Earth excavation work by hand cu.m. 300.00 110.45 33,135.00
1.5 - Earth filling and compacting 95 %  by cu.m. 31,150.00 165.54 5,156,571.00
1.6 - Earth filling and compacting by light w cu.m. 7,270.00 112.96 821,219.20
2. Gravel and sand bedding 0.20 m. thick cu.m. 390.00 929.08 362,341.20
3. Lean concrete cu.m. 195.00 1,709.07 333,268.65
4. Structural concrete cu.m. 2,605.00 2,279.41 5,937,863.05
5. Concrete linning for canal cu.m. 90.00 2,690.76 242,168.40
6. WIRE MESH  5 mm. @ 0.20 m. sq.m. 925.00 61.10 56,517.50
7. Plastic work 0.50 mm. thick sq.m. 925.00 45.50 42,087.50
8. Form work sq.m. 5,340.00 651.67 3,479,917.80
9. Steel Reinforcement
9.1 -  DB.12 mm. kg. 863.30 30.19 26,063.03
9.2 -  DB.16 mm. kg. 64,306.00 30.19 1,941,398.14
9.3 -  DB.20 mm. kg. 114,682.10 30.19 3,462,252.60
9.4 -  DB.25 mm. kg. 27,219.50 30.19 821,756.71

10 Hand rail m. 105.00 1,734.70 182,143.50
11 Rubber Water Stop Type "A" m. 170.00 520.00 88,400.00
12 Rubber Water Stop Type "C" m. 205.00 200.00 41,000.00
13 Elastic filler  0.01 m. thick sq.m. 130.00 345.00 44,850.00
14 Sealing compound sq.m. 110.00 44.97 4,946.70
15 Joint sealant  1x3 cm. sq.m. 20.00 49.72 994.40
16 Drainage gate 3.00x4.00 m. with lifting set 3.00 1,050,000.00 3,150,000.00
17 Bulkhead  gate  3.00x0.90 m. set 3.00 450,000.00 1,350,000.00
18 Roof work with steel structure  for  gate place 1.00 100,000.00 100,000.00
19 Ladder to operation floor place 2.00 50,000.00 100,000.00
20 Ladder rung place 3.00 33,000.00 99,000.00
21 Placed riprap 0.50 m. thick cu.m. 1,355.00 895.40 1,213,267.00
22 Drump riprap 0.50 m. thick cu.m. 630.00 636.95 401,278.50
23 L-steel bar 100x100x12 mm. (17.8 kg./m place 2.00 10,000.00 20,000.00

for peir protection
24 Asphaltic pavement road work for opera sq.m. 625.00 274.21 171,381.25
25 Sodding sq.m. 1,220.00 23.23 28,340.60

Total 31,379,087.22

Factor  "F" 1.2227
Contract cost include Factor "F" 38,367,209.95

Employment cost 38,367,000.00
Construction suppervision cost % 3.00 1,151,016.30

Used 1,151,000.00

Total Budget 39,518,000.00
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Table-  Project Unit Cost
ITEM Description Unit Unit Cost total Unit Cost

No. ( Baht / unit ) ( Baht / unit )
1 Site clearing and existing ground leveling and compacting Sq.m. 18.25

Clearing and tree removing Sq.m. 2.08

95 % Compaction work by mechine  Sq.m. 16.17
- Compaction existing ground by mechine  cost Baht / cu.m. 36.44
- Blending Cost Baht / cu.m. 17.45
- total Baht / cu.m. 53.89

- Compacting depth m. 0.30
95 % Compaction work by mechine  Baht / sq.m. 16.17

2 Striping work by machine cu.m. 17.06

3 Earth excavation work by machine cu.m. 53.06
Earth excavation work by machine cu.m. 16.93

Transportation cost cu.m. 36.13
Transportation cost within 10 km. Baht / cu.m. 28.90
Bank Volume ratio 1.25

4 Earth excavation work by hand cu.m. 113.50
Phitsanulok minimum Wage Rate Baht / day 227.00
work done cu.m. / day 0.50

5  Earth filling and compacting 95 %  by machine cu.m. 159.86

Compacting cost cu.m. 36.44
Filling matterial cost include compaction factor cu.m. 123.42
- cost of land in Phitsanulok Baht / rai 400,000.00

- excavation deoth m. 3.00
- Bank Volume ratio m. 1.25
- calculation factor 0.50

- filling matterial cost (loose volume) cu.m. 33.33
- stripping depth m. 0.30
- stripping cost for soil borrow area cu.m. 1.36

- excavation cost ( Loose Volume ) cu.m. 13.54
- Transportation cost within 10 km. Baht / cu.m. 28.90

Total materia cost Baht / cu.m. 77.14

Compaction Factor 1.60
6 Earth filling and compacting by light weight machine cu.m. 113.57

7 Gravel and sand bedding 0.20 m. thick 1,137.35
Gravel or Crushed rock 3/4 " cost 641.18 Baht / cu.m.
Coarse Sand cost 352.57 Baht / cu.m.
Crushed rock using ratio 0.67

Sand using ratio 0.92
Crushed rock 3/4 " using cost 429.59
Coarse Sand using cost 324.36
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Mixing cost 17.45 Baht / cu.m.
shoveling Cost ( loose volume ) 7.56 Baht / cu.m.

Transportation cost distance 1 km. 7.40 Baht / cu.m.
Total cost 786.37 Baht / cu.m.
compaction ratio 1.40

material used cost 1,100.91
Compaction work by mechine  ( dense volume ) 36.44

8 Lean concrete cu.m. 2,003.42

9 Structural concrete ( 210 ksc. ) cu.m. 2,852.19

10 Concrete lining for canal 2,551.01

11 Wire Mesh 5 mm. @ 0.20 m. sq.m. 62.51
matterial cost 48.00 B / sq.m.

transportation cost 370 km. 0.74 B / kg.
matterial weight 0.153 kg. / sq.m.
transportation cost 0.113 B / sq.m.

installation cost 30% 14.40 B / sq.m.

12 Plastic sheet 0.50 mm.thick Work sq.m. 45.50
matterial cost 35.00 B / sq.m.

fixing included over lapping 30% 10.50 B / sq.m.

13 Steel Reinforce ment

-   DB. 12 kg. 30.84
-   DB. 16 kg. 30.73
-   DB. 20 kg. 30.53

-   DB. 25 kg. 30.53
steel fixing cost include accessories 3.55 Baht / kg.
Reinforcement cost included transportation

-   DB. 12 24.81 Baht / kg.
-   DB. 16 24.71 Baht / kg.
-   DB. 20 24.53 Baht / kg.

-   DB. 25 24.53 Baht / kg.
material loss for cutting and bending 10%

14 Form work  sq.m. 582.77
form work fixing and removing cost 86.00 Baht / sq.m.
wooden cost included transportation 16,558.96 Baht / sq.m.
1 sq.m. using wooden 0.06 cu.m. / sq.m.

1 set of form work to be used 2 times
form work cost 496.77
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15 Hand rail m. 1,235.72
gulvanized steel pipe cost include transportation 194.26 Baht / m.

material use per meter 3.90 m.
total cost 757.62 baht .

steel plate ø 150 mm. x 10 mm. thick 37.73 baht .

Bolt 4-M12 120.00 baht .
fabricated,  installed and fishing 35% 320.37 baht .
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