
   

 

 

  

 

 

 

 

 

5. Technical Notes 

  



   

第二次現地調査（2012 年 2 月 13 日～2012 年 3 月 13 日） 
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6.  Abbreviated RAP 
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7. Design Data 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



   

 

 

ANNEX 7-A  DESIGN OF DRAINAGE FACILITIES  
 
(1) DRAIN AREA  

It is assumed that the rainwater in the roads and roadside areas (residences and parks) flows into the project 
drainage facilities.  
 

(2) DESIGN OF DRAINAGE FACILITIES 
(A) CALCULATION OF DISCHARGE 

The discharges are calculated using Rational Formula.  
 
Rational Formula: 

1

3.6 x 10
6

Where :

Q = ・c ・I ・a 

Q : design discharges  (m
3
/sec)

c : run-off coefficient
I : rainfall intensity (mm/hr)

a : catchment area  (m
2
)

 
 

① Run-Off Coefficient: c 
The valueof run-off coefficients “c” are given by type of surfaces as follows:  
 

Surface Type Values of run-off coefficient, c 
Road/Pavement 0.90 

Residential Area / Park 0.75 
 

② Rainfall Intensity: I 
Since there is no rainfall record in Kampong Chhnang, 10-minutes consecutive rainfall intensity of 
2-year return period which was proposed by “F/S on Flood Previntion and Drainage Improvement 
Project in Phnom Penh” is applied.  

   I=2555.07/ (10+25.48)-0.93=71.1(mm/hr.) 
 

③ Catchment Area: a (m2) 
The catchement areas are determined using topographic survey map and clarified with the field 
survey. 
 
④ Discharge Estimation 
As the result of the above, discharge of each catchment are calculated as follows: 

Surface Type Constants Discharge (m3/sec) 

Road area 
c = 0.90 
I = 71.1 mm/hr 
a (m2) 

Q=0.000018・a 

Residence area 
c = 0.75  
I = 71.1 mm/hr 
a (m2) 

Q=0.000015・a 

 
(B) CALCULATION OF CAPACITY OF DRAINAGE STRUCTURES 

Calculation of the capacity of drainage structures are calculated by Manning Formula. 
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Manning Formula: 

1

n

Where :

Qc = ・R
2/3

 ・i
1/2

 ・A

Qc: flow rate in the channel  (m
3
/sec)

n: Manning’s roughness coefficient
R: hydraulic radius  (m)

 (=A/P ; A: area of flow, P: wetted perimeter）

i: slope of energy grade line (m/m)

A： area of flow (m
2
)

 
 

① Manning’s Roughness Coefficient ：n 
Manning’s roughness coefficient is as follows: 

Drainage Surfce Type Roughness Coefficient: n 
Drainage Pipe 0.013 

Cast-in-place Concrete 0.015 
 

 

② Hydraulic radius ‘R’ and Area of flow ‘A’ 
Hydraulic radius R and area of flow A in different shape are as follows; 

Drainage Section Hydraulic Radius R Area of Flow A 

Drainage 
Pipe 

 
 
 
 

d sin2φ
2 2φ

(φ:radians）

）( 1-

 

1
2

(φradians）

(φ- sin2φ）d
 2

 

Line Ditch 

 
 
 
 

  

 

 

 

③ Gradient of Drainage Structure, i 
The minimum gradient of drainage structure is proposed to be 0.3%. 

 

 

④ Drain Capacity of Drainage Structure 
Assuming the drain capacity is 80% of the size in terms of water depth, the drain capacities by 
drainage type and size are calculated as follows: 
 

 d

D
φ

H

B

H

B・H

B+2H B・H
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Drainage Type and Size Constants by Drainage Capacity (m3/sec) 

Pipe 

D300 n=0.013, R=0.091m, i=0.30%, A=0.061m2 0.052 

D400 n=0.013, R=0.122m, i=0.30%, A=0.108m2 0.111 

D500 n=0.013, R=0.152m, i=0.30%, A=0.168m2 0.202 

D600 n=0.013, R=0.183m, i=0.30%, A=0.242m2 0.329 

D800 n=0.013, R=0.243m, i=0.30%, A=0.431m2 0.708 

D1000 n=0.013, R=0.304m, i=0.30%, A=0.674m2 1.284 

D1200 n=0.013, R=0.365m, i=0.30%, A=0.970m2 2.087 

D1500 n=0.013, R=0.456m, i=0.30%, A=1.516m2 3.785 

D1750 n=0.013, R=0.532m, i=0.30%, A=2.063m2 5.709 

Ditch 
400x600 n=0.015, R=0.141m, i=0.30%, A=0.192m2 0.152 

1000x1000 n=0.015, R=0.308m, i=0.30%, A=0.800m2 1.331 

 

 

 
(3) THE DISCARGE OF EACH CATCHMENT AREA AND CAPACITY OF DRAINAGE 

STRUCTURE 
The discharge of each catchment area and the capacity of each drainage structure are calculated as shown in 
the drawings attached. The proposed sizes of the drainage structures are determined based on this.
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The drainage runoff in each catchment area and the capacity of drainage structure 
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ANNEX 7-B  PAVEMENT STRUCTURE DESIGN 
 
 

(1) Design Traffic Volume 
The design traffic volume as of 2012 (surveyed present traffic volume), 2015 (opening year) and 2025 (10 
years after opening) are shown in Table 4-6-1. The future traffic volumes are estimated with 6% growth 
rate which is GDP growth rate of Cambodia in 2010. 
 

Table 4-6-1 Future Traffic Volume by Section (veh./day) 
Location Year Car, Pick-up Midium Truck/

Large Bus
Heavy Truck Trailer 

Kampong 
Chhunang 

NR-5 

2012 3,284 228 457 51 
2015 3,911 272 544 61 
2025 7,004 487 974 109 

Kampong 
Chhunang 

Streets 

2012 1,221 92 19 0 

2015 1,454 110 23 0 

2025 2,604 196 41 0 
Prey Veng 

NR11 
2012 598 108 150 29 

2015 712 129 179 35 

2025 1,275 230 320 62 
 

(2) Commulative Traffic Volume during the Desing Period 
The commulative trafic volume during the design period (10 years: 2015-2-25) are as shown in Table 
4-6-2. 
 

Table 4-6-2 Commulative Traffic Volume durnig the Design Period (‘1000,000 veh. ) 
Location Design 

Period 
Car, Pick-up Midium Truck/

Large Bus 
Heavy 
Truck 

Trailer 

Kampong 
Chhunang NR-5 

2015-2-2025 9.96 0.69 1.39 0.15 

90% 8.96 0.62 1.25 0.14 

Kampong 
Chhunang Streets 

2015-2-2025 
3.70 0.28 0.06 0.00 

Prey Veng 
NR11 

2015-2-2025 
1.81 0.33 0.45 0.09 

Note: Above commulative traffic volumes are for one direction. 90% of a direction traffic volume is 
considered for a lane for 4-lane NR 5.  

 
(3) ESAL (18-kip Equivalent Single Axle Load) per Vehile 

The ESAL per vehicle by vehicle type is shown in Table 4-6-3. 
Table 4-6-3 ESAL per Vehicle by Vehicle Type 

 Car/Pickup 
Medium 

Truck/Large Bus 
Heavy Truck Trailer 

ESAL 0.01 1.0 3.0 5.0 
 

(4) Pavement Design Load (Commulative ESAL) 
The pavement design load (Total ESAL) was obtained from the traffic volume during the design period 
by vehicle type multiplied by ESAL per vehicle by vehicle type as shown in Table 4-6-4.  
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Table 4-6-4 Pavement Desing Load (Commulative ESAL) (‘1000,000) 

Location Design Period Commulative ESAL 
Kampong Chhunang NR-5 2015-2-2025 5.15 

Kampong Chhunang Streets 2015-2-2025 0.49 
Prey Veng NR11 2015-2-2025 2.15 

 
(5) Design CBR of Subgrade 

Design CBR are delived based on the CBR tests result as shown in Table 4-6-5. 
Table 4-6-5 CBR Test Result and Design CBR 

 
Subgrade of NR11 will be improved by cement stabilization since its CBR is too small. The design CBR 
becomes to be “3” by adding 40cm thick cement stabilized layer in the subgrade.  
 

(6) Calculation of Required Pavement Thickness 
The equation and constants given in AASHTO are referred as follows: 

Log10(W18)=ZR×S0+9.36×Log10(SN+1)-0.20+{Log10[⊿PSI/(4.2-1.5)]/ 
[0.40+1094/(SN+1)5.19]}+2.32×Log10(Mr)-8.07 

Where, 
W18: Total ESAL 
ZR: Standard Deviation (= -1.282 in case reliability = 90%, -1.037 in case reliability 85%) 
S0: Combined standard error (= 0.45 in case flexible pavement) 
SN: Structural number = a1 x D1+ a2 x m2 x D2 + a3 x m3 x D3 + a4 x m4 x D4  
 (a: Layer coefficient, m: Drainage coefficient, D: Layer thickness in inch) 
⊿PSI: Po - Pt 
P0: Initial serviceability index (= 4.2 in case flexible pavement) 
Pt: Terminal serviceability index (= 2.5 in case arterial road, 2.0 in case streets) 
MR: Resilient modulus (= 1500 x CBR) 
Layer coefficient: 
a=0.44: asphalt concrete surface course 

Design
Section

Road Name Pit No. CBR CBR ave. CBR dev. Design CBR

1 7
2 7
3 12
4 8.5
5 5.3
6 (1.5)
7 10
8 17
9 9.5
10 17

BR-4-1 1
BR-4-2 1.2
BR-5-1 7.5
BR-5-2 2.6
BR-7-1 2.1
BR-7-2 6.6
BR-8-1 2.1
BR-8-2 2.9
BR-9-1 1.7
BR-9-2 2.1
BR-11-1 0.9
BR-11-2 2
Clv-1-1 2.2
Clv-1-2 1.1
Clv-2-1 3.6
Clv-2-2 9.5

Note: CBR  in (   ) was not considered since it deemed wrong value.

1

2

Kampong Chhunang City

National Road No.11

10.4

3.1

4.2

2.5

6

0.5
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a=0.35: bituminous stabilized base course 
a=0.14: mechanicall stabilized base course 
a=0.11: crusher run subbase course 
 
Drainage coefficient： 
m=1.0: in case fair condition (water removed within one week) 
m=0.6: very poor drainage condition (water will not drain within 1 month) 

 
Table 4-6-6 Calculation of Requied Pavement Thickness (Kampong Chhunang City) 

 
 

Table 4-6-7 Calculation of Requied Pavement Thickness (NR 11) 

 

 

Calculation of Required SN

1 2

Design Section NR5 Streets in Kampon Chhnang

W18 5,150,000 490,000

R　(%) 90 85

ZR -1.282 -1.037

S0 0.45 0.45

P0 4.2 4.2

P1 2.5 2.0

ΔPSI 1.7 2.2

CBR 6 6

MR 9,000 9,000

SN 4.219 2.689

Where,　Log10(W18)=ZR×S0+9.36×Log10(SN+1)-0.20+{Log10[⊿PSI/(4.2-1.5)]/[0.40+1094/(SN+1)5.19]}+2.32×Log10(MR)-8.07

Left value (log10(W18)= 6.712 5.690
Right value= 6.712 5.690

Proposed Pavement Thickness (cm) and SN
Pavement Structure

(new pavement)
Drainage
coefficient

Layer
coefficient 1 2

Design Section NR5 Streets in Kampon Chhnang

Asphalt Concrete Surface - 0.440 10.0 5.0

Asphalt Stabilized Base Course 1.0 0.350 8.0 5.0

Granular Base course 0.6 0.140 20.0

Subbase course 0.6 0.110 30.0 20.0

4.28 2.74

18kip Equivalent Single Axle Load 

Reliability

Standard deviation

Combind standard erro

Initial serviceability index

Terminal serviceability index

P0-P1

Subgrade CBR

Resilient modulus

Required SN

Proposed pavement SN

Calculation of Required SN

3

Design Section NR11

W18 2,150,000

R　(%) 90

ZR -1.282

S0 0.45

P0 4.2

P1 2.5

ΔPSI 1.7

CBR 3

MR 4,500

SN 4.712

Where,　Log10(W18)=ZR×S0+9.36×Log10(SN+1)-0.20+{Log10[⊿PSI/(4.2-1.5)]/[0.40+1094/(SN+1)5.19]}+2.32×Log10(MR)-8.07

Left value (log10(W18)= 6.332
Right value= 6.332

Proposed Pavement Thickness (cm) and SN
Pavement Structure

(new pavement)
Drainage coefficient Layer coefficient 3

Design Section NR11

Asphalt Concrete Surface - 0.440 10.0

Asphalt Stabilized Base Course 1.0 0.350 8.0

Granular Base course 1.0 0.140 15.0

Subbase course 1.0 0.110 25.0

5.02

Subgrade CBR

Required SN

Proposed pavement SN

P0-P1

Resilient modulus

Reliability

18kip Equivalent Single Axle Load 

Initial serviceability index

Combind standard erro

Standard deviation

Terminal serviceability index
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