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FEIRBIMERE (2012F2A13B~2012£3 813 H)

Technical Note
The Preparatory Survey on Flood Disaster Rehabilitation and Mitigation
in Kingdom of Cambodia

The JICA Survey Team and MPWT of Royal Government of Cambodia held technical discussions and
confirmed the following. However, it is noted that the confirmations and proposals might be revised in

further discussions in Japan.
1. Construction of Brides along National Road No. 11
1.1 Project Bridges

The project bridges are 8 bridges along National Road No.11 as shown in Figure 1-1. Those
bridges are dilapidated temporary bridges and having inadequate flood discharge capacity.
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Figure 1-1 Location of Project Bridges
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1.2 Bridge Design Criteria/Standards
(1), Design Standard

AASHTO Standard Specifications for Highway Bridges 2002 will be adopted as same as

previous Japanese grant aid bridge projects. Japanese bridge design specifications are used

supplementary.

(2) Bridge width

The bridge width component is as shown in Figure 1-2. Sidewalks are provided for the bridges

which are [ocated near town or school.
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(3) Design Criteria
» Live load: H820-44 x 1.25 (25% increase of AASHTO live loads)
> Temperature change : £17°C (8 - 42°C)
» Earthquake load: Acceleration coefficient = 0.05
» Freeboard (clearance between HWL and bridge}): 0.6 m

(4) Concrete Specification (Design strength)

> Superstructure: 32 Mpa
» Substructure 32 Mpa
» Under water concrete 24 Mpa
» Lean concrete 18 Mpa
> Precast Pile 32 Mpa

(5) Steel Materials

- Reinforcing steel bars:  Grade 400 deformed bars (Min. yield point 400 Mpa)

(6) Geometric Standards of Bridge Approach Road

The geometric standard of the bridge approach road is shown in Table [-1.

Table 1-1  Geometric Standard of Bridge Approach Road

Item Standard
Carriageway Width (m) 35x2
Shoulder Width (m) 1.5x2
Design Speed (km/hr) 80
Horizontal Min. Curb Radius (m) 300
Maximum Grade (%) 4.0
Vertical Min. Curb Radius (m) 3000

1.3 Proposed Bridge Length
The proposed bridge length are shown in Table 1-2. The followings were considered in

determining the proposed bridge length:

> The proposed bridge lengths should be longer than the existing bridges since the most of
existing bridge protections have been eroded by high velocity flood flow.

» The proposed bridge lengths are determined based on level of the erosions at the bridges and
the bridge site topographies (the bridge opening should be connected smoothly with the
upstream and downstream opening).

_ » Mekong River Committee Flood Management and Mitigation Program, Road and Floods




Project Report 2009 mentioned that widening of opening of the existing bridges by 50% is

recommended to reduce flood flow velocity.

» DPWT of Prey Veng requested to widen the opening of the bridges and agreed to the

proposed bridge [engths as shown in Figure 1-2.

Table 1-2 Proposed Bridge Lengths

Bridge . i Existing Bridge | Proposed Bridge
No. Bridge Name | Location Existing Bridge Type Length (m) Length (m)
BR-4 | Kbal Boeung 64+300 | RC Girder 19.0 33.0
BR-5 | Snate 63+650 | 2-lane bailey/Steel deck 27.0 40.0
BR-7 | SamPuthorIl | 40+950 | 2-lane bailey/Steel deck 250 44.0
BR-8 | Mebon 40+350 | RC Girder 29.5 50.0
BR-9 | Tkovl 38+450 | 2-lane bailey/Steel deck 42.0 44.0
Civ-1 | TkovIl 37+900 | Pipe culvert 5.8 20.0
BR-11 | Ek Ream 32+100 | 1-lanc bailey/Steel deck 18.5 33.0
Clv-2 | Rom Lech 144745 | Box culvert 10.0 44.0

1.4 Proposal of Bridge Structures

(1) Bridge Structure and Span layout

RC flat slab type is proposed for all project bridges since it is superior to other types such as
RC T-girder or PC hollow slab in the following points. The structure and span layout of the
project brides are ash shown in Figure 1-3.

» Cost is minimal.

> Bridge approach road is smooth since the bridge height (60cm) is minimal.

» Construction is easy and fast.

» Heavy equipment for girder erection is not necessary.

(2) Bridge Foundation

Precast pile (40cm x 40cm) which is the most economical is used for all foundations.

(3) Railing Structure

¥ RC railing as shown in Figure 1-4 is proposed.
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Figure 1-4 Railing Structure
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Figure -2 Bridge Structure and Span Layout of the Project Bridges
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(4) Bridge Approach Road

Layout of the bridges approach road is shown in Figure-3. The pavement on the bridge
shoulders are tapered (ratio 1/30) along the approach roads. Guardrails (length 16 m) and
guide posts (length 40 m with spacing 4 m) are installed along the approach roads as shown in

the Figure-5. The typical cross sections of the bridge approach road are shown in Figure-6.

Figure-5 Layout of Bridge Approach Road
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Figure-6 Typical Cross Section of Bridge Approach Road

(5) Slope Protection

Grouted riprap slope protection (30 ¢m thick)} will be installed around the abutments (within

16 m from the edge of the wing walls). Sod will be installed on the approach road slopes.
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(6) Riverbed Protection

Boulders (minimum size 20 cm) will be installed on the riverbed for protection from riverbed

erosion. The area of riverbed protection to be installed is shown in Figure-8. The thickness of

the boulder riverbed protection is 50 cm.
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2. Tmprovement of Road and Drainage Facilities in Kampong Chhnang City

2.1 Project Roads and Drainage Ways
The project roads and drainage ways are shown in Figure 2-1. Those roads are the major roads in
the city and were damaged by flood in 2011. The roads have been temporary rehabilitated,

however, improvement with permanent pavement and installation/repair of drainage facilities are

necessary.
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2.2 Design Specifications

The Cambodia Road Design Standard — Part 1 (Geometry), Part 2 (Pavement), Part 3 (Drainage)
issued by Ministry of Public Works and Transport will be basically adopted. Specifications of
AASHTO (for pavement design) and Japan Road Association (for road design and drainage detail)

are adopted supplementary.

2.3 Road Class

National Road No.5 is classified as International Highway (urban section) and other streets are
classified as Provincial Road and District Road.

2.4 Geometric Standards

The geometric standards by road class are proposed as shown in Table 2-1.

Table 2-1 Geometric Standards

Item Specification by Road Class
Road Section International Highway Provincial Road and
(inside city area) District Road
Design Speed (km/h) 60 40
Maximum Grade (%) 6.0 8.0
Minimum Horizontal Curve Radius (m) 150 55
Stopping Sight Distance (m) 70 45
Crest Vertical Curve (K Values) 15 10
Sag Vertical Curve (K Values) 15 10
Maximum Super-elevation (%) 4.0 40
Crossfall for Bituminous Concrete (%) 2.5 2.5
Carriageway Width (m) 35 3.5

2.5 Proposed Road and Drainage Improvement Plan

(1) Typical Cross Sections of Roads and Drainage Ways

The proposed typical cross sections of the project roads and drainage ways are shown Figure

2-2. The locations of the typical cross sections are shown in Figure 2-1.

(2) Pavement Structure

The pavement structure is proposed with the following materials. The thickness of the

pavement will be studies based on the survey data of traffic and subgrade CBR.

> Surface course:
> Base course;

> Subbase course:

Hot-mixed asphalt concrete
Granular material (CBR>80)
Granular material (CBR>30)
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Figure 2-2 Typical Cross Sections of Project Roads and Drainage Ways
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(3) Sidewalk Pavement

The color block sidewalk pavement as shown in Figure 2-2 is proposed.

Figure 2-2 Propose Sidewalk Pavement

(4) Road Marking

Centerline, sideline (edge line) will be provided for all roads and crosswalk and arrow and
zebra mark will be provided for intersections.

(5) Typical Drainage Structures

The proposed typical drainage structures are shown in Figure 2-4.
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3. Undertaking of Both Countries

3.1 Construction of Bridges along National Read No. 11
(1) Undertaking of Japan Side

»

>
>
»
>

Demolition of existing bridges  {Bailey material will be transported to DPWT storage)
Construction of detour roads during the construction
Construction of new bridges

Construction of bride approach roads

Other necessary works (protection, guardrail, guide post, marking, traffic signs)

(2) Undertaking of Cambodian Side

»
»

Removal of obstructions (temporary houses/shops) within the construction area
Relocation of utilities within the construction area (water pipe of BR-11 and optic cable
at Clv-2)

Removal of mines within the construction area

3.2 Improvement of Road and Drainage Facility in Kampong Chhnang City
(1) Undertaking of Japan Side

5

Construction of Drainage Facility, Pavement, sidewalk and other miscellaneous facility of
the project road.

(2) Undertaking of Cambodian Side

> Relocation of utilities which will conflict with the project road and drainage facility.
»  Acquisition of lands which are necessary to construct the road and drainage facility.
¥  Removal of obstructions (temporary houses/shops) within the construction area
»  Removal of mines within the construction area
March 9, 2012
Noted by:

<,

— o

Tauch Chankosal Takakazu Tamaki

Secretary of State Chief Consultant

MPWT JICA Survey Team
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6. Abbreviated RAP
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1.2  Project Outline

(1) Construction of Brides along National Road No. 11
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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:

design discharges (m°/sec)
run—off coefficient

rainfall intensity (mm/hr)

D HO O

catchment area (m%

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

Surface Type Values of run-off coefficient, ¢
Road/Pavement 0.90
Residential Area/ Park 0.75

® Rainfall Intensity: |
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.

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

@ Catchment Area: a(m?2)
The catchement areas are determined using topographic survey map and clarified with the field
survey.

@ Discharge Estimation
Asthe result of the above, discharge of each catchment are calculated as follows:

Surface Type Constants Discharge (m3/sec)
c=0.90
Road area | =71.1 mm/hr Q=0.000018 - a
a(m2)
c=0.75
Residence area | =71.1 mm/hr Q=0.000015 - a
a(m2)

(B) CALCULATION OF CAPACITY OF DRAINAGE STRUCTURES
Calculation of the capacity of drainage structures are calculated by Manning Formula.



Manning Formula:

1

n

Qc = CRY3 V2 A

Where :
Qc:  flow rate in the channel (m’/sec)
n: Manning’ s roughness coefficient
R: hydraulic radius (m)
(=A/P ; A: area of flow, P: wetted perimeter)
slope of energy grade line (m/m)
A: area of flow (m?)

e

@ Manning sRoughness 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

@ Hydraulicradius‘R’ and Area of flow ‘A’
Hydraulic radius R and area of flow A in different shape are asfollows,

Drainage Section Hydraulic Radius R Areaof Flow A

ﬂq

Drainage D 7 ‘H d (1- sinZd)) d? (qb—%sian.’))

! 2 2¢
R
pe v ' (¢ :radians) (¢ radians)
; A
' B-H
Line Ditch :
1ne DITC 521 B-H
B

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

@ 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:



Drainage Type and Size Constants by Drainage Capacity (m3/sec)

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

Pipe 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, 1i=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/ | Heavy Truck Trailer
Large Bus
Kampong 2012 3,284 228 457 51
Chhunang 2015 3,911 272 544 61
NR-5 2025 7,004 487 974 109
Kampong 2012 1,221 92 19 0
Chhunang
Streets 2015 1,454 110 23 0
2025 2,604 196 41 0
Prey Veng 2012 598 108 150 29
NR11
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 Car, Pick-up | Midium Truck/ Heavy Trailer
Period Large Bus Truck
Chhunang NR-5 : : : :
90% 8.96 0.62 1.25 0.14
Kampong 2015-2-2025
Chhunang Streets 3.70 0.28 0.06 0.00
Prey Veng 2015-2-2025
NR11 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

: Medium .
Car/Pickup 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.



Table 4-6-4 Pavement Desing Load (Commulative ESAL) (*1000,000)

Location

Design Period

Commulative ESAL

Kampong Chhunang NR-5 2015-2-2025 515
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 Desigh CBR

Design Road Name PitNo. | CBR | CBRave. | CBRdev. | Design CBR
Section
1 7
2 7
3 12
4 8.5
1 Kampong Chhunang City > >3 104 42 6
6 (L5)
7 10
8 17
9 9.5
10 17
BR-4-1 1
BR-4-2 12
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
2 National Road No.11 BRO1 17 31 25 0.5
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.

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:

LoglO(W18)=ZR X Sp+9.36 X LOglo(SN‘l‘l)-O20+{L0910[APS|/(42-15)]/
[0.40+1094/(SN+1)>*1}+2.32xL0g10(M,)-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 = al 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)

/JPSI: Po - Pt

PO: 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
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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)

Calculation of Required SN

1 2
Design Section NRS5 Streets in Kampon Chhnang
18kip Equivalent Single Axle Load wis 5,150,000 490,000
Reliability R (%) 90 85
Standard deviation ZR -1.282 -1.037
Combind standard erro so 0.45 0.45
Initial seniceability index PO 4.2 4.2
Terminal seniceability index P1 25 2.0
PO-P1 APSI 1.7 22
Subgrade CBR CBR 6 6
Resilient modulus MR 9,000 9,000
Required SN SN 4.219 2.689

Where, Logio(Wis)=ZrX $0+9.36 X Logia(SN+1)-0.20+{Logl 0LAPSI/(4.2-1.5)1/[0.40+1094/(SN+1)"*1+2.32 X Log;o(Mp)-8.07

[Left value (log1o(W18)= | 6. | 5.690 |
[Right value= | 6.712 | 5.690 |
Proposed Pavement Thickness (cm) and SN
Pavement Structure Drainage Layer
(new pavement) | coefficient | 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 0.140 200
Subbase course 0.6 0.110 30.0 20.0
4.28 2.74

Proposed pavement SN

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

Calculation of Required SN

3
Design Section NRL1
18kip Equivalent Single Axle Load w18 2,150,000
Reliability R (%) 90
Standard deviation ZR -1.282
Combind standard erro SO0 0.45
Initial seniceability index PO 4.2
Terminal seniceability index P1 2.5
PO-P1 APSI 1.7
Subgrade CBR CBR 3
Resilient modulus MR 4,500
Required SN SN 4.712

Where, Logio(Wig)=ZpX So+9.36 X Logio(SN+1)-0.20+{Logl 0LAPSI/(4.2-1.5)1/[0.40+1094/(SN+1)*"*1+2.32 X Logio(Mp-8.0’

[Left value (loglOW18)= I 6.332 |
[Right value= [ 6.332 |
Proposed Pavement Thickness (cm) and SN
Pavement Structure . . -
Drainage coefficient Layer coefficient 3
(new pavement)
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

Proposed pavement SN
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