- CBR

- Grain size analysis

2.7.3 Climate and Hydrological Conditions
(1) Stte Survey -

A site survey and hearings were carried out to Investigate the hydrological
conditions in the Project Site including river system and flood/high water
conditions, Data of rainfall and water levels variation were collected from the
concerned agencies as well as the inhabitants along the Route 6A. The data
collected were analysed to prepare a sound basis for the basic design and the

implementation plan of the Project.

(2) CHmate

‘The seasons are influenced by the monsoons. During the southeast monsoon
(from May to November), the average rainfall in Phnom Penh is around 170 mm
per month and the average total yearly rainfall is approximately 1,270 mm.
Table 3.14 shows the monthly average temperature, rainfall and number of
rainy days based on the record at Phnom Penh - B.assac observation station
between 1980 and 1990. The wind velocily data {1981 - 1984 at Phnom Penh -
Bassac} showed that there is slight winds in February and March, and strong

winds observed in July through October is 16 - 18 ni/sec.

Table 3.14 Monthly Average Temperature, Rainfall and Number of Rainy Days

hl

Month Jan Feb Mar Apr May Jun  Jul Aug Sept Oct Nov Dec

Temperature 261 275 289 294 288 281 276 277 273 272 267 254
{C)

Rainfall* 2 3 12 g 167 118 161 200 235 218 133 9
(mm)

Rainy Days* 0.4 0.7 1.1 5.6 11.¢ 147 196 202 21.1 186 114 1.4

Note: * denotes rainfall data ai Phnom Penh - Bassac (1980-19380).
Source: Road and Bridges Departiment



3 Hydrology

Below Kompong Cham, the Mekong river enters its delta, overflooding the plain
on both banks as water level rises over 7 m above mean sea level. The overbank
flow on the west bank escapes toward the Tonle S8ap river or the Tonle Sap lake.
This reverse flow starts sometime belore July every year and continues until the
flood recession in October (see Appendix 6 for the stage hydrograph at Kompong
Cham, Phnom Penh and Prek Kdam). The reverse flow in Tonle 'Sap river is
governed mainly by the regulating effect of the Tonle Sap lake (the area of Tonle
Sap lake in dry season becomes 7 times larger in high water season of the
Mekong river}. Figure 3.7 shows the flooding area in high water season of the
Meckong river. Hearing with local people concerning the maximum water
surface level along the Route 6A between Stas. 40 and 42 was conducted. This
hearing aimed at the determination of the design high water elevation to restore
the road embankment at the six locations of severe embankment which were
washed away. The maximum water surface level oblained through the hearing

was El 12.0.
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Chapter 4: Basic Design






4.1

CHAPTER 4 BASIC DESIGN

Design Policy

Route 6A is a major trunk highway which 1s situated in an essential part

conneciing Phnom Penh with its northern hinterland. However, it passes

through an area liable to troublesome flooding and this will offer many

difficulties during the construction and in the road maintenance after the

completion of the Project. Therefore, full attention was paid for the role of

Roule 6A and the natural conditions in the Project Site.

Conlrary to many road rehabilitations ongoing in Cambodia, the following

countermeasures are provided to overcome the inherent sifuation:

- Adoption of permanent design for the bridge replacement to attain

the maintenance free structures;

- Adoption of asphalt concrete surface course to eliminate rapid

damage or deterioration of pavement after the rehabilitation; and

- Introduction of a mechanised up-to-date construction technique to

overcemee the adverse natural conditions in the Project Site.

Taking such design policy in mind, the following basic guideline is exercised in
proceeding with the Basic Design.

(1)

(2)

(3}

The oplimum rehabillitation scheme and construction plan is selected

considering the following requirements:

- Shorter construction period;
- Lower construction cost; and

- Lower maintenance cost after the rehabilitation.

Japanese design standard is applied for the bridge replacement and the
rehabilitation of damaged bridge and culvert structures.

Existing foundation piles are utilised for the reconstruction of

substructures.



{4)

(5)

{6}

(7)

(8

(@)

(10)

(11)

Corrugaled metal pipe is adopted for the replacement of damaged culverts
considering the shortening of construction perlod and ease of quality

control.

Optimum construction method will be selected for the rehabilitation of
major embankment damage between Stations 40 and 42 considering the

variation of flood water surface levels.

Bridge revetment (construction of stone masonry wall, stone masonry
slope protection and wire cylinders}) is provided for the repair of
embankment of bridge approaches and the locations of embankment
slope faflures. However minor slope erosion is not be disturhed since

these areas are covered by vegetation and fairly stabilised.

Deslgn life of 5-years is adopted for the pavement to reflect the object of

rehabilitation and to avoid excessive initial investment.

Asphaltic concrete surface course is adopted in the rehabilitation or
reconstruction of pavement. Existing pavement layers are utilised as a

subbase course or a hase course,

Adopted carriageway widih and shoulder width are 7.0m and 1.5m

respectively.
Entire rehabilitation is divided into the following two phases:

- First Phase : Rehabilitaiion of bridges, culverts, embankment
failures and subbase course which is aimed at the
"passable road in the whole stretch of Route 6A"

and

- Second Phase : Completion of base and surface courses of the
pavement aimed at the restoration of Route 6A as

a regional trunk highway.

Temporary bridge {4-locations) is adopted at the bridge replacement
sections for the following purposes during the construction:



4.2

4.2.1

{12)

{13)

(14)

- By-pass of existing traflic;
- Remoeval of damaged bridge members:
- Ereclion of superstructure;

- Passage of construction equipment.

Construction planning is carried out based on the following conditions
to consider the meteorological and hydrological situations in the Project
Site:

- Works which must be performed in the dry season

= Substructure construction for the bridge replacement,
+  Embankment construction, and '

¢ Paving of asphalt surface course.

- Works which are preferable in the dry season

¢ Bite clearing,
* Slope protection,
Repair of superstructure, and

* Base course construction.

- Works which are possible in the dry and rainy seasons

* Production of aggregates, and

¢ Superstructure construction.

The location of quarty, stone crushing plant and asphalt mixing plant is
selected at Chi Lear,

The loeation of a base camp with concrete mixing plant is selected near
the middle point of Route 6A.

Study and Examination of Design Criteria

Bridges and Other Structures

@

" Loading Specifications

Japanese standard is applied in the Design. Loading consists of primary loads,

secondary loads and certain circumstance loads.

4-3



2)

1) Primnary Loads

Primary loads consist of:

- Dead load;

- Live load;

- Impact load;

- Influence of the creep of concrete;

- Influence of the shrinkage of concrete;
- Earth and water pressure; and

- Uplift.

2) Secondary Loads

Secondary loads consist of wind loads and thermal forces.

3) Certain Circumstance Loads

Certain circumnstance loads consist of:
- Brake and traction;
- Collislon force; and

- Special loading during the construction operations.

Applied Design Conditions for Superstructures

Span length

- Class of bridge 1st class in Japanese bridge standards
- Type of Reinforced concrete T-girder bridge
superstructure

12m

- Live load T1.-20 (Gross weight of truck = 20 ton}
- Traveledway 9.0m
width
- Asphalt pavement : Asphalt concrete, 5 cm thickness
- Temperature 15°C ~ 40°C
variation
- Allowable stress Concrete Ock =240 kg/cm?

Reinforcement (SD295)

Osa = 1,400 kg/cm? - Deck
slab

Oga = 1,800 kg/em? - Girders



{3) Applled Design Conditions for Substructures

- Type of + Inverted T-lype - Abulment
substructure Pile bent - Plers
- Allowable stress : Concrete Gck = 240 kg/em?

Reinforcement (SD295 & SD345)
Oga = 1,800 kg/em?
Usa = 1,600 kg/cm?
(Structure in the earth)

4.2.2 Geometric Design Standard

There is no road section which necessitates the change of road alignment. The

following geometric standard (Table 4.1} is envisaged in the rehabilitation.

Table 4.1 Geometric Design Standard

{Abstract of Japanese Standard)
Item Unit Standard
Design speed km/h 60
Horizontal curve
Minimum radius m 120
Maximurmn superelevation % 6
"Minimum curve length m 50
Vertical curve
Minimum radius of sag curve m 1,000
Maximum radius of crest curve m 1,400
Maximum gradient % 5
Crossfall of carriageway % 2.0
- Lane width m 3.5

4.2.3 Pavement Design Standard

The pavement design standard of Japan Road Assoclation was applied in the
design.



4.3

4.3.1

Basic Plan
Bridge Replacement (Superstructuze)
1) Selection of Superstructure Type

The minfmum span length of a bridge is generally determined by the nature of
the roads and rivers over which the bridge is required fo pass; the soil
conditions, and factors relating to the surroundings. For a bridge over an
unimproved river, a careful study should be made of the river course and flow
characteristics. The span length is one of the most important factors in
determining the bridge type. Once the span length is fixed then the choice of
bridge type is limited (Figure 4.1).

Type of Superstructure

Bridge Span {m) _
200 30 40 50 60 70 80 80 100

R.C, simple girder

R.C. piled slab

R.C. rigid frame

R.C. hollow slab

P.C. rigid frame

P.C. simple box girder

=
=
™
s
P.C. simple girder m
e s
——

P.C. continuous box
girder {on stage)

P.C. hollowcore slab *

Steel simple H-beam

Steel simple I-girder w

Figure 4.1 Standard Spans for Varlous Types of Bridges

The following six types of superstructures were selected for comparison
considering existing foundations to remain, natural conditions in the Project

Site {i.e., hydrological and soils conditions) and construction planning.

a, Alternative-1 : Reinforced concrete T-girder, simple (same as
existing bridges)
b. Alternative-2 : Reinforced concrete hollow slab, simple



C. Alternative-3 : Prestressed concrete hollow core slab units,

simple, pretensioned

d. Alternative-4 : Prestressed concrete I-girder, simple, post
tensioned

e. Alternative-5 : Steel H-beams, simple

f. Alternative-6 : Relnforced concrete rigid frame for 24m span

All the possible alternatives have been duly examined by the Study Team. As a

result of comparison of the alternatives, it was concluded that Alternative-1 is

superior to the other alternatives in all aspects as listed below:

@

- Hydrological aspects in the Project Site and the Project
implementation;

- Shorter construction period;

- Maintainability; and

- Aesthetic viewpoint.

Design of Superstructure
1) Girders

Reinferced concrete T-girder is adopted in the design. T-girder is further
compared in terms of the weight of girder unit and erection method

(Figure 4.2) and has adopted the rectahgular girder.

2) Deck Slab

The outline of design features of deck slab is as follows:

- Composite design is adapted for girders and deck slab;

- Adopted slab thickness is 18cm which considers the passage
of large vehicles of 500/day/lane; .

- Reinforcement is composed of bent-up steel bars in 16mm

diameter and 125mm on center.
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Figure 4.2 Comparison of Girders




3)

Bridge Appurtenances
i Shoe

Synthetic rubber shoe (20mm thickness) 1s adopted. Anchor bolts

are provided to resist the brake/traction forces.

ii. Expansion Joint

Simple type expansion Is adopted. The expansion consists of

O -shaped copper plate and filler.

iti. Bridge Railing

Adopt the similar design as the existing, which consists of
poured-in-place reinforced concrete posts and precast reinforced

concrete railings.

4.3.2 Bridge Replacement (Substructure)

(1) Evsluation of Existing Foundation Piles

The bearing capacity of the existing foundation piles are examined based on:

- The bearing data concerning the construction procedures;

- Boring data near the existing substructures; and

- Japanese guidelines for substructure design.

As a resull of calculations the hearing capacity of each foundation pile is

estimated as shown in Table 4.2.

Table 4.2 Estimated Bearing Capacity of Exlsting Foundation Pile

Length of Allowable
Bridge Number Bridge Name Pile Bearing Capacity
(m) (ton)
No. 14 Prek Kheng 24 74
No. 20 Prek Bak 18 70
No. 22 Prek Kra Poes 18 102
No. 24 Kompong Pras 1st 12 89




From the abave data it is concluded that the existing piltes can remain and
utilised for the reconstruction of bridges, since the reaction of each pile Is
calculated to be approximately 60 tons which is smaller than the above

estimated capacity.

(2) Selection of Pier Type

The basic assurnption for the seclection of pler type is to utilise existing
foundation piles. Three alternative cases are compared and if has been decided
to adopt Case-3 (Figure 4.3),

3 Design of Substructure
1} - Pier

The steel pipe in the new pier column construction is not considered as a
structural member but considered as cylindrical form for the placing of

concrete. See Figure 4.3 for design features.

2} Abutment

New abutment is designed for No. 24 Kompong Pras 1st Bridge based on

the following conditions:

- Earth pressure is calculated based on Coulomb's earth pressure
theory; '

- Stability analysis is carried out based on the assumption that the
total earth pressure will be resisted by the entire abutment t7-piles);

- Approéch slab is to be supported by the top of parapet wall at the
abutment side.
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Figure 4.3 Comparison of Pler Types




4,3.3 Repalr of Other Damages of Bridges
(1) Concrete Glrders and Deck Slabs
1) Girders

- Damage at the end

- Damages to the

surface

2} Deck Slabs

Replace with new concrete after
jack-up. Epoxy resin will be
applled on the contact surface of
old and new concrete. Non-
shrink agent will be added in the

new concrete.

Chip the affected areas and

repalr with cement mortar,

All blasted holes will be repaired with reinforced concrete by each slab
unit which is encircled by girdérs and diaphragms. Epoxy resin will be

applied at the contact surlace and non-shrink agent will be added in the

new concrete.

{2) Abutments

The same repair method for the girders wiil be applied. Repair is necessary for
No. 4 Prek Ta Sun Bridge and No. 23 Kompong Prasath Bridge. The blasting of

abutment has caused the damage to the end portion of girder(s). Therefore, the

repair of the abulment will he done In parallel with the repair of girdér{s) in

accordance with the jack—up method.

3) Bridge Railings

See subparagraph 4.3.1.{2).3).1ii for railing design. Where a precast conerete

railing unit is damaged, 2-concrete posts and 2-railing units will be reinstalted.



(4) Approach Slabs

Approach slabs will be newly provided for the following bridges:

No. 7 Prek Chik Bridge (Severe damage of bridge approach)
No. 24 Kompong Pras 1st (reconstruction of abutment)
No. 26 Kompong Pras 3rd (Severe damage of bridge approach)

The approach slabs will be constructed by dividing into 2 traffic lanes, Phnom
Penh bound and Chun Chunok bound, considering the use of the bridge by local
traffic during the construction.

{5) Bridge Revetment

Revetment will be provided in the following manner:

- New bridge revetment will be provided at the locations where no

revetment is provided at present;

- Reconstruction of bridge revetment will take place where the existing

slope protection is seriously damaged:; and

-  Bridge revetment will be constructed with stone masonry wall
utilising undressed natural rocks. The slope of the wall is intended
for 0.5 {horizontal) to 1.0 (vertical).

6) Serlous Scourlng around Existing Abuiments

Serfous embankment damages in bridge approaches were found at No. 7 Prek
Chik Bridge and No. 26 Kompong Pras 3rd Bridge. The backlill/embankment
materials are completely washed away near the abutments of these bridges and
the rehabilitation by ordinary reveiment is impossible, the bottoms of
waterway are hadly scoured and the application of special remedial method is

necessary.

Four alternative methods were seclected and compared as shown Figure 4.4, The

Study Tearn's conclusion is to select Alternative-3 as the optirnum alternative.



Alter-

Alternative-1 Concrete Box

Alternative-2 Concrete U-Channel

Alternative-3 Steel Sheet Piling

Alternative-4 Extension of Bridge Span

native
Tie rod Extension of bridge
f IF 1T i r T
<! = N\
N} T
r—— LY <l . ’| :
K <k I
TR \/ i ‘
| Steel sheet pllin
Concrete box | (Type I, heavy duty fypel |
Conerete box ;
— —d
Concrete .
U-channel
Tie rod
Sketches Steet sheel plling
i ;_ {Type 11, heavy duty type)
| Concrete box
¢ Concrete boxes are provided in lieu of U-channel will eliminate lateral s Steel sheet piling will eliminate lateral e Cannot solve the problem of souring.
retaining wall to eliminate the excessive pressure to the existing foundation pressure to the existing foundation )
lateral pressure to the existing piles. - piles. piles. » Difficult to determine the additional
span lengths.
Notes * Concrete boxes are not safe for further Difficult in the determination of the » Advantageous for further scouring and

scouring,

* Construction of boxes will necessitate
longer construction period.

length of U-channel.

Further scouring s anticipated near
the ends of U-channel.

reliable in structural performnance.

» Steel sheet piles must be imported.

* Right-of-way problems for the widened
waterway.
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Figure 4.4

Repair of Berlous Scouring around Existing Abutments
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4.3.4 Culvert Replacement
(1) Selection of Culvert Type

Culverts are generally divided into two categorles, rigid and flexible.

Rigid culvert : Concrete pipe culvert
Concrete box culvert
Concrete bridge culverl

Concrete arch culvert
Flexible culvert : Corrugated metal pipe culvert

It is foreseen (hat the constructlion period will be extremely short, the placement
of culverls will be done in the dry season and Route 6A must always be open for
local traffic during the construction. Considering such circumstances the

adoption of corrugated metal pipe culvert is adopted in the design.

(2) Damaged Culveris

The following two culverts are damaged and necessitate reconstruction work:

1) No. 4 Culvert at Sta. 12 + 450

Existing culvert consists of 3 - 1.5m diameter concrete pipes.

2) No. 9 Culvert at Sta. 26 + 660

Existing culvert is 1 - 1.5m diameter concrete pipes.

(3) Adopted Design
1} No. 4 Culvert al Sta. 12 + 450

The surrounding area is now changed into a high productivity cultivated
land and the width of existing waterway Is very narrow and it seems
difficult to widen. Therefore, 1 - 1.5m diameter corrugated metal culvert

is adopted in the Design.



2 No. 9 Culvert at Sla. 28 + 660

Existing concrete pipe culvert has subsided and the entire pipe of the
culvert is filled with sill. The drainage situation requires larger size of
culvert opening. Considering this situation, an arch type corrugated

metal culvert is adopted.

4.3.5 Repair of Major Damages of Road Embankment
(1) General

Existing Route 6A is severed at six locations due to the major damages of road
embankment between Stas: 40 and 42. At these locations the sustained water
would become major roadblocks for the rehabilitation schedule of the route.
The following study is aimed at the selection of an optimum rehabilitation

method and time schedule of the repair of major damages of road embankment.

2) Variation of the Water Level in the Project Site

Statistical data concerning the variations of the water level af Phnom Penh,
Compong Cham and Prek Kdam is atlached in Appendix 3. The water levels near
the above damaged locations are considered to be little higher than that at
Phnom Penh, since the sile is located at the upstream side of the ¢ity. The
maximutn water surface level al Phnom Penh had marked an elevation of
10.85m In 1991 flooding, but the maximum water levels cbtained through the

hearing at the Site was around an elevation of 12.00m,

{3) Outline of Damages of Road Embankment

Topographical survey was conducted at the Site to obtain the data for the repair
of major damages of road embankment. Plans and plan - profiles were prepared
for the design. Table 4.3 shows lhe outline of the above road embankment

damages based on the said survey.



Table 4.3  Outline of Major Damages of Road Embankment

Major Damages ol Road Top Elevation Bottom Elevation

No. Embankment Length of of Depressed Area

(Sta. ~Sta. ) (m) Existing Road (Pond)

1. Sta. 404364 ~ Sta. 40+394 30 12.3 7.5

2. Sta. 40+444 ~ Sta. 404515 71 12.3 6.0

3. Sta. 41+269 ~ Sta. 41+343 74 12.2 6.1

4. Sta. 41+530 ~ Sta. 414670 40 11.9 6.1

5, Sta. 41+944 ~ Sta, 414982 38 11.8 7.0

6. Sta. 424010 ~ Sta. 424046 36 1.8 7.1
Total 289

@)

Selection of the Optimum Scheme
1) Establishment of Alternatives

The following three alternatives were established and studied:

Alternative-1: To provide new bridges at the road sections where
the road cmbankment is washed away by

repeated floods (Bridge alternative).

Alternative-2: To resiore the above damages providing new

culverls and embankments (Culvert alternative}.

Alternative-3: To reslore the above damages providing new

embankmentl.

2) Comparison and the Selection of the Optimum Scheme

Advantages and disadvantages of Lhe three alternatives are compared,
As a result of the comparison, it is [ound that Aliernative-1 and

Alternative-2 have the [ollowing inherent problems:

- A comprehensive hydrological study is required to prepare an
integrated drainage master plan, covering all drainage needs,
priority for bridge/culvert development, and river course
development {o connect with the new bridges/culverts as well as

right-of-way acquisition;



- The aim of the Project is to repair and restore Route 6A in the
shortest time possible to meet the Cambodian goals in the

infrastructures rehabilitation programme; and

- Additional bridges and culveri construction should be proceeded in
the framework of the long-term projects after the rchabilitation

phase.

The restoration of Chroy Changwar Bridge is now ongoing with the
completion scheduled in March 1994, To realise a passable road in the
entire stretch of Route 6A in the 1si phase of the Project, the Study Team

selected Alternative-3 as the optimum scheme for the repair works.

(5) Study of Embankment Construction

The embankment construction operation musi be initiated as soon as possible
to meet the requiréments of the comprehensive construction schedule of the
Rehabilitation. In the middle of November, the depressed areas have still
retained water of approximateiy 1.5m depth. In such a case, the dry method or
rubble-mound method is generally adopted for the early initiation of filling

work:

i. Dry Method

Filling work will be initiated afler the dry up of the foundation area of
the embankiment. Temporary coffering and dewatering are necessary

before the dry up operation.

ti. Rubble-Mound Method

Rubbles {i.e. quarry-run rocks) will be direclly cast into the pond and

form a rubble-mound for the embankment base.

Rubble-mound method was adopted in Lhe design, since the dry method has the

following disadvanlages:
- All embankment construction must be completed within one dry
season; dry method requires lenglhy preparatory work which

comprises colfering and dewatering;
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- Dry method is not economical! compared with the rubble-mound
method since the former will entail expensive lemporary coffering

and its maintenance and dewalering; and

- It is difficult to estimate the quantity of leakage water of the
temporary cofferdam and supply waler through the pond bottom,

(8) Typical Cross Sectlon of New Embankment

Typical cross section of new embankment is shown in Figure 4.5.

{7} Recommendations for the Fillilng Operation

Construction of rubble-mound will be started from No. 6 (Sta. 424010 ~ Sta.
42+046) choosing the right time around the middle of November, the anticipated
water surface level at that time will be approximately El. 8.5m and the pond

bottom elevation at the lowest point will be approximately 7.1m.
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4.3.6 Repalr of Other Damages of Road Embankment

{1)

2

Embankmernt Settlement and Blasted and Eroded Holes
1} Embankment Setilement

The minor pavemnent settlement will be remedied with the change of the
thickness of new pavement layer, but the repair methoed mentioned in
4.3.6.{2).2) will be applied at the damaged locations where the settlement

resulied in large depressed areas.

2} Blasted and Eroded Holes

Fill with crushed rocks and compact by layer until the top suriace

reaches the desired level

Damages Caused by Embankment Slope Failure or Erosion
1) Damages Caused by Embankment Slope Failure

The object of this repair is the restoralion of the embankment slope

failure at one side or both sides. Repair consists of the following works:

- Conventional fill; and
- Revetment work which comprises stone masonry wall or
stone masonry slope protection. Wire cylinders will be

provided as required.

2) Embankment Slope Damages Caused by Erosion

Repair consists of the following works:

- Conventional fill; and
- Conventional slope protection utilising sandbags containing

sod seeds.



4.3.,7 Pavement Deslgn
(1} Background and Condition of Pavement Rehabilitation
i8] Background

The following background was taken into account in the planning of the

pavement rehabilitation.

i. Asphalt concrete surface course still remains in the

10.5km streich in the Phnom Penh side of Route BA.

ii. Asphalt {reated surface and base course in variable widths
exist in ceriain strelches of other read sections of Route

6A.

iii. The required aggregates (crushed rock) necessary for the

pavement consiruction will be obtained from Chi Lear

quarry.

iv. Expected future traffic growth in Route 6A will be rather
high.

V. Heavy rainfall and {loed situation must be considered in

the design of the pavement structure.

vi. The end 3km siretch near Chun Chunok terminal has
been submerged in the 1978 and 1991 flood.

2} Basic Conditions

- Abovementioned remaining asphalt concrete surface course
and base course layers will be utilised in the rehabilitation
without demolition {pavement design considers the said
surface course and base as a part of the entiré pavement

structure);

- Existing base course mentioned in 4.3.7.(1}.1).4 above will be

ulilised as the subbase course layer;



(2

- Surface course will be asphall concrete based on 4.3.7.(1).1).v
in the above, and aimed al the minimisation of maintenance

effort;

- Raising of road surface level will be performed in the road

sections where submergence has been experienced; and

- Shoulders will be applied with bituminous surface treatment

near the carriageway to resisi erosion.

Study of Pavement Design Factors
1) Design Factors

The thickness of each layer of pavement will be determined based on:

- Soil suppart strength ol subgrade;
- Road traffic; and

- Available construction materials.

2) Evaluation of Subgrade Strength

Laboratory test data recommends a design with CBR of 6.

3) Traffic Condition and Design Traflic Volume

Existing traffic data near the Project Sile is shown in Table 3.12 in
Chapter 3. The following design tralfic volume was obtained considering

the future traffic growth rate, as well as, overloading of trucks.

Design life ¢ Syears
Average daily : 127 vehicles/day/direction (growth rate of 5%
traffic volume of p.a. was applied}

heavy vehicles



Composition of .+ Trailer trucks 43t 7.0%
heavy vehicles (full loading)

¢ Trailer trucks 25t 16.5%
(no leading of trailer
trucks, and {ull
loading of trucks)

¢ Trucks {no loading) 15t 10.0%
¢ (Other heavy vehicles less than 8t 66.5%

K] Design of Pavernent Structure
1) Required Equivalent Asphalt Concrete Thickness (TA)

TA is determined based on the following equation.

TA = 3.84 x NO-18 yCgRO-3

where; N = Tolal equivalent 5 ton wheel load applicaiions in
design period of n-year {wheel load/direction)
CBR = Design CBR of subgrade

N is calculated by the following equations.

13
Ns= > (P}/5 x Niy)
j=1
where: Ns = Total equivalent 5 ton wheel load applications per
day
Pj = Representative conversion value {from Japanese
standard)
N = Number of wheel load applications (from Japanese
standard)

d n
an N= ¥ (N5 x 365 x g}

i=1
where: a4 = Traflic growth rate after i-year to be applied to N5

n = b



From the above calculations N = 34,700 was obtained, and TA is

calculated from the following:
TA = 3.84 x (34,700)0-16 /603 = 11.97

2) TA and Layer Coefficients

Using the Japanese standard the f{ollowing layer coefficients are
obtained:

Pavement Component Layer Coeffictent
Surface and binder courses 1.00
Base course [stabilised aggregate) 0.35
Subbase course (crusher-run aggregate) 0.25

Adopted equivalent asphall concrete thickness {T'A) is determined by the

following equation.

TA=alxTl+a2xT2+a3xT3

where: al,a2,a3 = Layer coefficients
T1,T2,T3 = Thickness of each layer in cm
3) Minimum Thickness of Surlace, Binder, Base and Subbase
Courses

From the Japanese standard the minimum thicknesses are as follows:

Pavement Component Minimum Thickness

Total thickness of suriace and 5 cm
binder courses

Base course 3 times of maximum
aggregate size

Subbase course 3 times of maxirnum
aggregate size



4) Optimum Design of Pavement Structure

The optimum design is delermined on ihé basts of the economical

viewpoint while also considering the ease of construction and

maintenance (Figure 4.6).

Asphalt Concrete
Surface Course

Base Course
{Crushed stone) 10

Modified CBR 280

30
LS Q "
._’ - a__ N ' Subbase Course
~® . @ . (Crusher-run aggregate) 15
Mo B
v " Modified CBR2 30
A .
Subgrade
Design CBR=6
Figure 4,6 Optimum Design of Asphalt Pavement
(New Construction}
5) Adopted Equivalent Asphalt Concrete Thickness (T'A)

TAls Calcﬁlated based on the beforementionred method in 4.3.7.{3).2}.

TA=12.25> 11.97 (TA)



4.3.8 Baslc Design Drawings

Basic design drawings for the rehabilitation of Route B8A are presented in the

following pages.

Figure No. Title

4.7 General Plan of No, 14 Prek Kheng Bridge
(Replacement of Damaged 3-Spans}

4.8 General Plan of No, 20 Prek Bak Bridge
(Replacement of Damaged 2-Spans)

4.9 General Pian of No. 22 Prek Kra Poes Bridge
{Replacement of Damaged 2-Spans)

4.10 General Plan of No. 24 Kompong Pras lst Bridge

(Replacement of Damaged 1-Span)

4.11 Dimensions of New Superstructure

(Pier to Pier)

4.12 Dimensions of New Superstructure
{Pier to Abutment)

413 Dimensions of New Abutment

4.14 Dimensions of New Pier

4.15 General Plan of Scour Protection around Abutments

4.16 Revetment for Existing Abutment

4.17 Revetment {or New Abutment

4.18 General Plan of No. 4 {Sta. 12+450) Culvert

4.19 General Plan of No. 9 (Sta. 26+660) Culvert

4.20 Typical Cross Seclions of Pavermnent Rehabilitation

4,21 | General Plan for the Repair of Embankment Slope
Failure

422 Reveimeni Details
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4.4

4.4.1

Implementation Plan
Construction Conditlons
{1) Approaches

Route BA starts at the Chroy Changwar Bridge which is located at the northeast
end of Phnom Penh city and termihates at Route 6 near Chun Chunok. The total
length of Route 6A is approximately 44 kilometres.

However, the Chroy Changwar Bridge together with the éeveral bridges of Route
6A were destroyed during the Cambodian conflict. Other road facilities such as
road embankment and pavement were also affected by the conflict and the
repetitive floods which occurred in the area lead to further damages. Thus,
Route 8A at present is in an impassable condition and is not fulfilling the

function of the trunk road in the region.

The objective of the Project s to rehabilitate Route 6A to provide uninterrupted
road transport between Phnom Penh and its northern hinterland. The

following background and apﬁroaches and methodology for construction

'planning are exercised based on the assumption that the Project will be

implemented under Japan's Grant Ald:

1) Due (o the importance and urgency of the Project to coniribute
toward the enhancement of the nation's economy, the elaborate
implementation plan of the Project is examined based on the
procedure of the Grant Aid System, construction plan and safety.
control under the natural and social conditions in Cambodia.

2) The Government of Japan has extended Grant Ald for the
restoration of Chroy Changwar Bridge, and presently the said
project is in the construction stage with completion scheduled in
March 1994. It is now urgent to make Route 6A passable in
parallel with the restoration of the Chroy Changwar Bridge, even

if some temporary bridges are constructed.

3) Since considerable volume of traffic is estimated on Route 6A
after the restoration of Chroy Changwar Bridge and there is no

detour road in the project area, it is necessary to maintain traffic



@

s0 as nol to interfere unnecessarily with the conventence of the

public.

4) To secure quality and progress control of the Project which will
require a large volume of aggregates, an exclusive quarry will be

developed along or near Route 6A.

5} As a general principle. the local labour forces will be used to the
maximum possible exient, nonetheless, consideration will also
be paid to the use of heavy construction equipment in order to
shorten the construciion period. To meet this requirement, some
Japanese heavy equipment operators will be assigned
immediately upon the delivery of the equipment and some local

technicians will be employed as the assistants to them.

Situation of Construction Industry in Cambodia
1) Construction Equipment

Heavy construction equipment except concrete mixers, trucks and
pickups will be supplied from Japan, which cannot be procured

sufficiently from prevailing market in Cambeodia.

Government Agencies, Road Construction Company and Bridge
Construction Company are undertaking the construction works of roads
and bridges and possess heavy construction equipment, while private

contractors are undertaking building works and have some equipment.

Equipment for construction works is so obsolete that efficiency of

operation may be low.

These government-owned equipment will nol be utilized for the Project
because on-going projects occupy them and require even more if they

could be obtained.

2) Materials

Materials for construction works will be procured in Cambodia wherever

they are available and in sufficient volumes.



The following materials are available in Cambodia:

Portland cement (Imported from Singapore, China and Indonesia);
Coarse and fine aggregates lor cement concrete;

Reinforcing steel (fmported from Singapore, China and Indonesia);
Timber and plank;

Asphalt cement and emulsion (imported from Singapore);

Fuel and lubricants; and

Galvanised iron sheet.

Materials other than above-mentioned are to be brought from Japan.

3)

Labour

Generally, working hours of labour in Cambeodia start at 7:00 a.m. and

end at 5:30 p.m. with lunch break from 11:30 a.m. to 2:00 p.m., totaling 8

hours a day. Their working days are 6 days a week, from Monday to
Baturday. No supplier ol labourers can be found in Cambodia at present.

Thus, it is necessary to add some overhead costs such as transport and

housing allowances, insurance, tools, etc. to the prevailing market

prices,

3) Transport Plan

Materials procured from domestic markets are transported from Phnom Penh
to a camp yard by river barges. Two slipways will be constructed at both Phnom

Penh and at another point nearby camp yard Lo facilitate loading and unloading

of materials and equipment.

The following three routes are deemed practical to transport materials and

equipment brought from Japan;

1)

2)

Japan —> Kompong Som (Sihaknouk Ville) port by ship

Kompong Som {Sihaknouk Ville) porl ~~> Phnom Penh by road

(RN4 226 km)

Japan —> Kompong Som {Sihaknouk Ville} port by ship

Kompong Som {Sithaknouk Ville) port -—> Phnom Penh by railway

(264 km)



3} Japan —:> Singapore by ship [ocean»Qoing large ship)
Singapore —> Phnom Penh by ship (3,000L class ship)
{passing through Vietnam {errilory)

There are individual salient restraints on each transport route. Several
temporary bridges on RN4 impose the maximum weight control of 30t therefore

it will require {o dismanile and assemble some heavy equipment.

The regulation of maximum longitudinal length of 12m and the no loading and
unloading equipment at both stations will become critical on the railway route.
It is unlikely and not practical. since excessive loads will be expected at the busy,
full capacity Phnom Penh port which has only poor loading and unloading

facilities.

It is concluded that the transport route of Komipong Som (Sihaknouk Ville) and
RN4 is more favourable, considering the nature and volume of cargo brought

~ from Japan. The detailed route and time required are given as follows:

Time Required

Description Roule fmonth)
Loading Factory to port in Japan 0.5
Shipping Port in Japan to Kompong Som 0.5
(Sihaknouk Ville)

Custom Clearance at Kompong Som [Sihaknouk Ville) - 0.3
port

Inland Transport Route No. 4 0.7
Total 2.0

The schematic transporl route map is shown in Figure 4.23.
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44,2 Construection Methods

The rehabilitation of Route 6A comiprises the lollowing works:

Rehabilitation of damaged bridges and culverts;
Rehabilitation of damaged road embankments; and

Rehabilitation of damaged and/or deleriorated pavement.

The construction method is selected taking into consideration not only the

construction conditions discussed in 4.4.1 but also the following technical

requirements:

(1)

(2)

(3)

(4)

Earth works related to the rehabilitation of damaged road embankments
and embankment slopes should be performed in one season. In
particular, the construction of rubble-mound at the major damages of

embankments should be done at the beginning of the dry scason.

The large-scale failure of embankment slopes should be rehabilitated by
stone masonry. However, the area to be rehabilitaied should be

minimised to avoid the disturbance of stabilised ground by vegetation.

Damaged culverts should be replaced by corrugated metal pipe culverts.
The installation of corrugated metal pipe culverts should be done by lane

to secure the convenience of local traflic.

Four temporary bridges are provided at four collapsed bridge sections

where the bridge replacement is scheduled:

- to provide the by-pass for the existing iraffic;

- to demolish and remove Lhe girders and other large members of
collapsed bridge utilising heavy equipment;

- toerect new girders {or bridge replacement;

- to provide a temporary road [or the passage of construction

equipment.

The width of temporary briddes is designed with a 6m width due to the

requirement of the proposed 50t crawler crane.



(5)

(6)

{7)

Repatr works of substruclure ol damaged bridges should be performed in
the dry season because of the underground repalr works and the necessity
of staging/scaffolding. Repair works at brl'dge épproaches which
comprise the installation of approach slab and stone masonry with
gablons should be also done in the dry season.

Asphaltic concrete surface course (minimum thickness of 5cm) should be
provided for the entire section of Route 6A considering the role of Route
6A and the minimisation of maintenance costs after the rehabilitation.
The rehabilitation should be done maintaining technical transfer
mainly for the Cambodian counterparts and the government officials

engaged in the Project.

The exclusive guarry will be developed at Cht Lear along Mational Road
Route 86, 3.5km {rom Chun Chunok intersection to secure the quality
control and the expeditious progress of the rehabilitation. A base camp

yard will be also developed atl about 22km from Chroy Changwar Bridge.

" For the purpose of transporling materials and equipmernt, a slipway is

intended to be construcled on the right bank of the Mekong river,

4,4.3 Detailed Design and Construction Supervision Plan

(1

(2)

Cutline of Detailed Design and Construction Supervision
1) Detailed Design

For the execution of the detailed design. it is favourable to select the same
consultanl which has carried out (he basic design study to ensure the

quality and to save lime and cosl.

2) Construction Supervision

Utilisation of the same consullant is recommended based on the similar
reason slated in the above. Cambodian stall should participate for the
greater extent for the supervisory works so that transfer of technical

know-how can be attained.

Staffing for Detailed Design

Following is the stalling and responsibilities ol Japanese experté:



1)

2)

3)

4}

5)

Project Manager

Liaison and discussions with the SNC and JICA,

Overall management of the design including lialson with RBD
and other concerned agencies;

Technical directions to the design works;

Administration and coordination of the project;

Review and preparation of detailed construction plans; and

Study of maintenance plan

Structural Engdineer

Review and preparalion ol detailed design of bridge
replacement/repair, slone masonry with gabion and false
waorks; and

Preparalion of lechnical specifications {bridge, stone

masonry and [alse works, etc.}.

Soils and Materials Engineer

Detailed investigation of aggregates;
Examination of borrow materials [or embankment; and
Preparation of technical specifications (aggregates, borrow

materials and qualily control of embankment).

Highway Engineer -

Review and preparation of detailed design of road works;
Review and preparation of detailed design of cross drainage;
and

Preparation of technical specifications (earthworks,

drainage, etc.}

Pavemenl Engineer

Review and preparation of detalled design of pavement; and
Preparation of {echnical specifications (sub-base, base and

surface courses, etc.).
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B) Document Specialist

- Preparation ol {ender and contract documnents,

7 Surveying Engineer

- Setling of control points; and

- Detailed cross-sectional survey.

8) Cost Estimator

- Review of cost eslimates carried out In the basic design stage;
and
- Comparison and study of changes of estimated quantities and

costs between basic and detailed design.

9) Inferpreter

- French interpretation during the field survey works in
Cambodia.

R Staffing for Construction Supervision

Following is the stalfing and responsibilities of Japanese experts:

1) Project Manager

- Liaison and discussions with the SNC and JICA:
- Overall management of the services including liaison with
RBD and other concerned agencies; and

- Technical directions in the execution of the services.

2) Resident Engineer

- Quuality control and inspection ol daily progress; and

- Justification of change orders,

3) Structural Engineer

- @uality contral of bridge replacement and repair works; and
- Quality control of slope protection (reveimenti).



4j Pavement Engineer

- Quality control of paving works; and
- Inspection of asphalt mixing plant

444 Construciion Plan

{1)

Preparatory Works
1) Mobilisation

Materials and equipment which are to be procured in the domestic
markets will be ordered, while Lhese imported from Japan are
transported to Kompong Som (Sihaknouk Ville) by ship and then to
Phnom Penh by truck and irailers. Major materials and equipment

brought from Japan are lisled below:

- Heavy construciion equipment including erushers, mixing
and batching plants;

- Equipment for laboratory tests and surveying;

- Materials for false works including staging and scaffolding;

- Materials for safety control during construction;

- Vehicles for transport; and

- Necessary items required for Contractor's and Consultant's

offices,

2) Development of Crushing Plant

Crushing plant with a capacity of 200 t/hr and asphalt mixing plant with
a capacity of 100 t/hr will be built at Chi Lear. The yard requires an area
of 8,000m?2 and also the site offices for the Contractor and Consultant,
housing for engineers and labourers, powder magazine, warehouse,

fueling station, motor pool for dump trucks and so {orth will be provided.

3) Development of Base Camp

A base camp with concrete balching plant is required in between Route
6A and the Mekong river at about 22km f{rom Chroy Changwar Bridge.
The yard requires an area of 15,000m? and main offices for Contractor

and Consultani, housing lor engineers and labourers, motor pool,
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warchouse, [ueling stalion and so forth. A wireless communication
nelwork covering Phnom Penh liaison office and Chi Lear stone
crushing and asphall mixing plants will be also established in the base

camp.

4) Construction of Temporary Bridges

Four temporary bridges are to be construcied at collapsed bridges Nos. 14,
20, 22 and 24. Temporary bridges to factlilate new bridge construction as
well as other works along Route 6A will be provided. The structure of
temporary bridge will be designed slrong enough to bear heavy

equipment. Widenings will be required for the erection of new girders.

Earth Works
1) Road Embankment

1.5m thick rubble-mound {guarry-run) will be spread and compacted on
the existing ground as a lower road bed layer. 0.15m thick filter of sand
and gravel will be installed between the upper and lower road bed 1ayers.
The slope protection of scdding will be made. The finished grade of road
will be designed to be 13.0m high so that the elevation of the new
pavement will become higher than the flood level.

2) Slope Protection

Failure of slope will be stabilized hy either stone masonry or heaping of
sand bags. Sand bags made of vinyl will contain soil, seed and fertilizer.
The slope protlection works wilt be done in many locations but the area of
the works should be minimised to avoid the disturbance of stable slopes

covered by vegetation.

3) Site Clearing

Weeding and cutling of shrubs will be done within the clearance limit of
the roads. All stems and branches violating the clearance limit will be
cuf by labourers, Afier sile clearing, the surface of the existing road will

be cleaned to get rid of loose impediments.



4} Grading and Siabilizing of Exisling Pavement

15cm thick sub-base course will be constructed making full use of the
existing base course. The surface will be leveled and compacted hy heavy
equipment adding aggregates, then, stabilising of the aggregate
mechanically. 10cm thick stabilised base course will be constructed on
the leveled and stabilised sub-base course layer. The heavy equipment
for the construction will comprise graders, tire rollers, macadam rollers

and water tank trucks.

5) Surfacing

Bem thick asphalt concrete surface course will be construcied on the
graded base course. The surfacing on the existing asphalt pavement will
be done after damaged portions are repaired. An average thickness of
7cm of asphalt concrete surface course will be constructed in the 10.5km

Phnom Penh side section where asphalt conerete layers exist.

Paving will be done lane by lane io maintain the convenience of the
public use. The heavy equipment for construction will comprise

finishers, macadam rollers and Uire rollers.

6) Demolition of Collapsed Bridge

To prevent the damages of adjacent sound structures from the dermolition
operations, collapsed bridges will be split into individual girders and
appropriate size of blocks utilising labour forces and concrete breakers.
50 ton crawler crane lilis them and haul to the place where no
interruption of rchabilitation works can be expected. Finally, girders
and concrete blocks wiﬁ be broken into small sizes and they will be

utilised for the rehabililation of embankment slope failures, and so on,

7} Bridge Construction (Bridge Nos. 14, 20, 22 and 24)

Reinforced concrete {RC) reclangular girders will be fabricated in the
nearby area of the construction site and erected ulilising 50 ton crawler
cranes on the temporary bridge. Reinforced concrete slab and

diaphragms are constructed using suspension forms.



8) Repair of Plers and Abulments {Bridge Nos. 23 and 25}

Damaged portions of concrete structure will be removed after the
superstructure is supporled by staging. The staging will consist of H-
piles, H-beams girders and jacks. Exposed steel bars will be cleaned,
relnforced with new material and then [illed up with non-shrinking

concrete.

9) Appreach Slab (Bridge Nos. 7, 24 and 26}

Reinforced concrete approach slabs with the dimensions of 35cm
thickness and 6m length will be provided. The top portion of existing
parapet wall will be cut to support the approach slab.. Crushed stone
layers (3Ccm thickness} will be provided for the base of approach slabs.

10} Repalr of the Rear of Abutments {Bridge Nos, 7 and 26}

Sheet pile boxed structure will be needed where the rear of abutments is .
entirely washed away. The box will be filled with selected material.
Above the hox, reinforced concrete approach slab will be placed.

11) Revetments Surrounding Abutments

Stione masonry with gabioh {wire cylinder) is constructed as a slope
protection surrounding abuiments where no slope protection is provided

where the approach is damaged.

12) Rehabilitation of Culverts {Sta. 12 + 450 and Sta. 26 + 600)

Corrugated metal pipe culveris will be installed after the existing
darnaged pipe culverts are removed. The installation of culverts wilt be
performed in halves to secure the space required for traffic. Reinforced

concrete headwalls and grouted rip rap aprons will be also provided.

13} Repair of Holes of Bridge Deck Slabs and Bridge Rallings

Holes of slabs caused by bombardments will be repaired using
suspension forms after damaged portions of slab are removed and
reinforcement Is placed. Precastl bridge railings will be installed after

the damaged railings are demolished and removed.



4.4.5 Procurement Plan
(1) Material Procurement
1) Local Materials

The following materials will be procured from the local market:

- Portland cement:

~  Coarse and fine aggregates for portland cement concrete;
- Timber and plank;

- Fuel and lubricants; and

- Galvanized iron sheet.

2) Materials from Japan

The following malterials will be broughl [rom Japan:

- Adwmixtures;

- Steel products [(H-beam, sheet pile, pipe, etc.);

- Materials for false works {staging. scaffolding, etc.};
- Rubber shoe;

- Explosives;

- Materials for salety conirol; and

- Necessary items lor Contractor's and Consultant's offices.

{2 Equipment Procurement
1} Local Equipment

The following equipment will he procured in Cambaodia.

- Concrete mixer (0.3 cu.myj;

- Trucks (4 ton);

- Pick-up trucks;

- Wagon {ype vehicles (4WD); and

- Microbus (29 passengers).



2) Equipment {rom Japan

The proposed major heavy construction equipment to be brought from

Japan are as tabulated in Table 4.4.

Table 4.4  List of Proposed Major Heavy Construction Equipment

t0 be Brought from Japan
Type of Equipment Capacity/Specification

Bulldozer 11t, 15t, 32t
Backhoe 0.7 m3, 1.0m3
Motor grader 3.1m
Wheel loader 2.1 m3, 2.4 m>3
Rubber-tire roller 16t
Macadam roller 10~ 12t.
Vibrating roller 08~ 1.1t
Asphalt distributor 4,000 litre
Asphalt plant 160 t/h
‘Asphalt spreader 2.4 ~4.5m
Truck with 2 ton crane — '
Truck : 11t
Trailer truck 32t
Dump truck 4t, 11t
Water tank car 10,000 litre
Crawler crane | 50t
Truck crane 20t, 26t
Vibro hammer 90 kw
Crawler drill 150 kg
Concrete batching plant 0.5 m>
Concrete mixer truck 4.5m3
Stone crushing plant 200 t/h
Forklift 2.5t
Soil compactor 50 ~ 100 kg
Concrete vibrator 38 min
Submersible pump 50 mm, 100 mm, 150 mm
Generator 10 kVA, 35 kVA, 60 kVA, 300 kVA, 350 kVA
Air compressor 5m3, 17m3
Fuel tanker 9,000 litre
Concrete breaker 20 kg
Welding machine . 300 A
Melter —
Breaker, hydraulic type 1,300 kg




4,46 Inplementation Schedule
{1) General

The preparation of proposed implementalion schedule for the Project follows
the procedure described tn the guidelines of JICA, but the formulation of time
schedule requires the adoption of some assumptions. Therefore, major points

other than that described in JICA Guideline are described as the following.

@) Detailed Design {Phase X & II)

After the Exchange of Notes is concluded between both governments, the
Consultant will enter into coniract with the Executing Agency of Cambodia and
commence the services. The services will comprise also the preparation of

tender and contract documents.

3) Tendering and Contract Process (Phase 1 & IT)

After the tender documents are accepled by the Executing Agency and the
gualified contractors are nominated through prequalification evaluation, the
Consultant onr behalf of the Execuling Agency will invite short-listed qualified
contractors and provide them with the approved tender documents at a pre-
tender conference. The Consultant will prepare addendums if necessary during
the tendering period and prepare a drall tender evaluation report after the

opening of tender,

The successful tenderer will enter into contract with the Executing Agency alter

contract negotiations.

(4} Construction Work

The successful contractor will commence the work after the Contract is verified
by the Government of Japan and the Notice to Proceed is issued by the Executing

Agency.

Phase-I works intend to make Route 6A passable and consist of earthworks,

repalr of bridges and culverts, and the cons{ruction of sub-base course.

Phase-II works intend to recover the [unclion of Route 6A as a trunk road and

consists of the construction of base course, suiface course and shoulders.



Earthworks, and the construction of substructure of bridges and asphalt

concrete surface course should be performed in the dry season.

The Consultant will work as the Engineer to supervise the Contractor and
prepare monthly progress reports and a final report to submit them to both

governments.

(8) Implementation Time Schedule

Due to the magnitude of the work and natural conditions, the 1mp1cmentation of
the Project is divided inio two phases. The commencement of Phase-I works is
assumed in the beginning of October, 1993 to make full use of advantages of the

dry season.

The outline of proposed implementation schedule is as follows;

- Tendering and Contract : 1.5 months
- Phase-1 works 12 months.
- Phase-ll works 12 months

Cverall construction period is assumed as 23 months, including overlapping of

one month as shown in Figure. 4.24.
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4.4.7 Scope of Work

The scope of work of the Project and the underiakings to be taken by each side

are as follows:

n

Japanese' Side

1)

2)

3)

4)

Bridge Repair Works

Construction of eight bridge spans, totaling 96m long,;

Repalr of two abutinents at two bridges;

Replacement of superstructure at four bridges;

Repair of eleven holes in concrete slabs of bridges;

Repair of bridge railings. lotaling 300m long at fifteen
bridges:; . .

Repair of five bridge approaches with steel sheet pile box and
concrete approach slab at three bridges; and

Construction of nineteen revelment surrounding abutments

at ten bridges.

Pipe Culvert .Repair Works

Installation of corrugated metal pipe, 18m in length and 1.5m
in diameter at Sta. 12 + 450;

Installation of pipe-arch type corrugated metal pipe, 15.2m in
length and 5.8m in diameter at Sta. 26 + 660; and
Construction of reinforced concrete headwalls and grouted

riprap aprons.

Road Embankment Repair Works

Repair al six locations ol embankment féilurn_:, totaling
35,300m3 ; and

Construction of slope prolection by stone masonry br sand
bags at more than three hundred locations of slope failure and

slope erosion,

Pavement Repalr Works

Repalr of exisling asphall pavement by 7m wide asphali

concrete surfacing, totaling 11,100m long;
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- Repair of existing sub-base course by 8m wide stabilised
aggregate base course and 7m wide asphalt concrete surfacing,
totaling 33,200m length;

- Construction of new pavement on new embankment, totaling
283m length;

- - Construction of 1.0m wide hard shoulders with surface
treatment at both sides of carriageway in the first 10,360m
long; and

- Construction of 0.5m wide hard shoulders with surface
treatment at both sides of carriageway in the remaining

stretches.

B) False Works

- Construction of four temporary bridges, totaling 210m long;

- Construction of two slipways at Phnom Penh and nearby
camp yard;

- Development of crushing plant and asphalit concrete mixing
plant including offices and housing at Chi Lear, totaling
8,000m?2

- Development of base camp including offices, housings, motor

pool at around Sta. 22 + 000, totaling 15,000 m?2

6) Restoration of the damaged road facilities due to the

implementation of the Project.

7 Provision of traffic management facilities for the concerned

roads and rivers during the Project.

8) Consuliancy services required for the implementation of the

Project.

Cambodian Side

1) Land acquisition and property compensation for the

rehabilitation of Route GA.

2) Provision of quarry site at Chi Lear.



3)

4)

5}

6)

7)

Land lease or acquisition of the spaces for the base camps,

aggregate processing and mixing plants, slipways, temporary

bridges and other necessary temporary works.

Demolition and clearing of Inhabitant's properties within the

existing right-of-way area along Route BA, as required.

Control of road traffic during the construction.

Securily control of powder magazine for blasting.

Other undertakings described below:

i)

ii}

iii)

iv)

v)

vi}

To exempl taxes and to take necessary measures for-
customs clearance of the materials and equipment

imported for the Project at the port of disembarkation;

To exempt Japanese nationals from customs duties,
internal taxes and other fiscal levies which may be
imposed in Cambodia with respect to the supply of the

products and services under the Verilied Coniracts;

To accord Japanese nationals whose services may be
required in connection with the supply of the products and
services under the Verified Contracts such facilities as
may be necessary for their entry into Cambodia and stay

therein for the performance of their work;

To ensure that the Facilities constructed under the Grant
Aid be maintained and used properly and effectively for

the Project;

To bear all the expenses, other than those covered by the

Grant, necessary [or the exccution of the Project; and

To ensure prompt unioading and customs clearance at
ports of disembarkation in Cambodia and internal
transportation therein of the products purchased under
the Grant.



Chapter 5: Project Evaluation and Conclusion






B.1

CHAPTER G  PROJECT EVALUATION AND CONCLUSION

Project Evaluation

The National Road Route 6A {Route 6A) had served as the importanl conmecting
route from the metropolis of Phnom Penh {o the northern hinterland, However,
the Chroy Changwar Bridge and several bridges of Route 6A and road
embankment were seriously damaged during the Cambodian conflict, thus
Route 6A at present is in an impassable condition. For this reason, the other
aite'mative rautes which utilises Route 5, Prek Kdam ferry crossing and Route 6
has been in use of at present. However this route had been forced the

inconvenience of the time-consuming ferry crossing.

Under such circumstances, it is urgent {o realise the Project, since Route BGA is
the main artery for the economic activities in Cambodia. If Route 6A was
entirely rehabilitated, it is obvious that the Project can expect an economically
high return which will be gained through the smooth movement of goods and
passengers between Phnom Penh and its northern hinterland. The major

effects of the Project are summarised as the following:

i. Remove the bottleneck created by the present ferry crossing at Prek
Kdam, provide for uninterrupted road transport between Phnom Penh
and its northern hinterland, and contribute towards the nation's

econornic restoration and enhancement.

ii. Route 6A will provide important access {o the development area which is
envisaged in Chroy and Changwar districts. Accordingly, the transport
mobility and accessibility of the area will be greatly improved and bring

about a striking reduction of traffic costs.

iii, The influence area of the Project will comprise Phnom Penh and nine
provinces and shares 50% of the nation's population. In Inture, the
population in the influence area could enjoy the benefits of Roule 6GA in

various forms.

iv. Rehabilitation of Route 6A will support the immediate needs for quick-

impact rehabilitation of nearby rural areas to absorb "returnees”.

ot
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vi.

Landuse potential along Route 6A will be greatly enhanced. In landuse
allocation, inefficient concentraiions in Phnom Penh can be

decentralised and Inefficient dispersions can be integrated.

Project investmenl will produce the multiplier effect for the regional
economy. Kompong Cham city is the second largest city of the nation.
Also, Kompong Cham province has approximately 1.4 million of
populaticn and {s the center of production of rice and rubber in
Cambodia. If Route 8A was rehabilitated the accessibility to the City will
be greatly improved and create considerable impact and would enhance

employment opporiunities.

Conclusion

In view of the above-mentioned effects, the implementation of the Project is

Indispensable not only for providing Route 6A for use as a traflic function, but

also for promoting the stabilization of livelihood and improvement of the

living standards.

Thus, if is concluded that the implemnentation of the Project by Japan's Grant

Aid System is evaluated as appropriate.
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MEMBER LIST OF SURVEY TEAM

Team Leader
Name . Mr. Koichi Miyoshi
Present Post :  Director, Second Basic Design Study Division, Grant Aid
Study and Design Departrent, JICA

Road Construction System Planner
Name : M. Akira Fujimoto
Present Post :  Coordinator for International Research Cooperation,
Public Works Research Institute, Ministry of Construction

Bridge Construction System Planner
Name : Mr. Jiro Fukui
Present Post :  Senjor Research Engineer, Foundation Engineering
Division, Structure and Bridge Department, Public Works

Research Inslitute, Ministry of Construction

Project Coordinator
Name : Mr. Kenji Mackawa
Present Post ¢ Second Basic Design Study Division

Grant Aid Study and Design Departmaent, JICA

Technical Experts

Name Assignment
Mr. Akira Shikichi Chief, Overall Design Manager
Mr. Kenji Maruocka Highway Engineer
Mr. Nobuhiro Kuboya Structure Engineer
Mr. Osamu Nogoshi Geodetic Engineer
Mr., Masayuki Ikeda Geodetic Engineer
Mr. Sakae Takada Geo-Technlcél Engineer
Mr. Hiroyuki Endo Construction Planning/Cost Estimates Specialist
Mr. Kazuhiro Ogawa Translator/Interpreter
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SURVEY SCHEDULE

For the 1st Field Survey (from November 11 to December 11, 1992)

Date

November 11

November 12

November 13

November 14

Novemnber 15
November 16
November 17
November 18
November 19
November 20
November 21
November 22
November 23
Novernber 24
November 25
November 26
November 27
November 28
Novernber 29
November 30
December 1

December 2

December 3

December 4

Day
{(Wed.)
(Thu)

{Fri.}

{(Sat.}

(Sun.)
{(Mon.)
{Tue)
(Wed.)
(Thu.)
(Fri.)
{Sat.)
{(Sun.)
(Mon.)
{Tue.)
(Wed )
{Thu.)
(Fri.)
{Sat.)
(Sun.)
(Mon.)

(Tue.)

(Wed )

{(Thu.}

(Fri.)

Activities
Departure from Tokyo

Courtesy call to Ministry of Communication, Transport and
Post (MCTP)

Courtesy call to Ministry of Foreign Affairs (MFA)

Explanation of Inception Reporl to the Vice Minister of
MCTP

Internal meeting

Site reconnaissance

Damages investigations and topo survey

Damages investigations and topo survey

Damapges investigations and topo survey

Damages investigations and topo survey

Damages investigations and {opo/soils surveys
Internal meeting

Damages investigations and topo/soils surveys
Damages investigations and topo/soils surveys
Damages investigations and topo/soils surveys
Damages investigations and topo/soils surveys
Damages investigations and topo/soils surveys
Damages Investigations and topo/soils surveys
Internal meeting

Study on bridge rehabilitation and topo/soils surveys
Data coliection at RBD and topo/soils surveys
Collection of hydrological data and topo/soils.surveys

Hearings on bridge construction records (Route 6A) and
topa/solls surveys

Arrival of Team Leader in Phniom Penh. Courtesy call to
MCTP and MFA
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December 5 (Sat.) Site inspection

December 6 (Sun.} Internal meeting

December 7 (Mon.} Discussion of Inception Report

December 8  (Tue.) Signing of minutes of discussions

December 9 (Wed.) Data coliection of construction equipment and materials
December 10 {Thu.) Departure {rom Phnom Penh

December 11 (Frl.) Arrival to Tokyo



Date
March 20
March 21

March 22

March 23
March 24
March 25
March 26
March 27
March 28

March 29

APPENDIX-2

For the 2nd Fleld Survey (from March 20 to March 29, 1993)

Day
(Sat.)
(Sun.)

{Mon.)

(Tue.}
(Wed.)
{Thu)
(Fri.)
(Sat.)
{Sun.)

{(Mon.)

Activities
Departure from Tolgyo
Internal meeting

Courtesy call to MCTP and explanation of Draft Report to
Road and Bridge Department {RBD)

Explanation of Draft Report to RBD

Arrival of official team and courtesy call to MOF
Discussion of Dralt Repoi't

Signing of minutes of discussions

Data collection

Departure from Phnom Penh

Arrival to Tokyo
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MEMBER LIST OF CONCERNING PARTY IN THE RECIPIENT COUNTRY

. So Khun

. Tram [v Tek

. Uk Chan

. Tauch Chankosal
. Yit Bunna

. Koy Van

. Mon Sambath
. Chum Sakun

. K.IID Leang

. Iv Meng

. Yean Seang

. Uk Sota

. Duong Moeun
. Sar Satya

. Vong Sam Ath

Mrs. You Ay

Mr. Kaing Leang Khan

Mr.

Sok Savan

Minister, Ministry of Communication, Transport and Post

Vice Minister, Ministry of Communication, Transport and

Post {MCTP)
Director, Road and Bridge Department (RBD), MCTP

Deputy Director, Technical and Planning, RBD, MCTP

- Director, Technical Department, MCTP

Deputy Director, RBD, MCTP

Chief, Technical and Planning, RBD, MCTP
Vice Director, Planning Department, MCTP
Chief, Planning Office, RBD, MCTP

Chief. Material Office, RBD, MCTP
Engineer. Mechanical, RBD, MCTP
Engineer, Mechanical, RBD, MCTP
Planning Department, MCTP

Planning Department, MCTP

Personal Department, MCTP

Director, Ministry of Fareign Affairs
Ministry of Foreign Affairs

Council Minister
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MINUTES OF DISCUSSIONS
BASIC DESIGN STUDY ONTHE PROJECT FOR
REHARILITATION OF NATIONAL ROAD ROUTE 6A
IN CAMBODIA

In response to a request from Supreme National Council of Cambodia (SNC), the
Govemment- of Japan decided to conduct a Basic Design Swdy on the Poject for
- Rehabilitation of National Road Route 6A (hereinafter refered o as the Project) aad

enwrusted the study to the Japan lntemational Cooperation Agency (hereinafter refemred to
as JICA).

JICA sent 10 Cambodia a stady team, which is headed by Mr. Koichi Miyoshi,
Director, Second Basic Design Study Division, Grant Aid Swudy and Design Department,
JICA, and is scheduled to stay in the counuy from November 12 to December 9, 1992.

The team held discussions with the officials concemed of Cambodia and
conducted a field survey at the smidy area.

In the course of discussions and field survey, both parties have confimed the
main tems described on the anached sheets. The team wifl proceed to fucther warks and
consider about preparing the Basic Design Study report.

Phnom Penh, December 8, 1992

For H.E. HOR NAMHONG, member of
S.N.C., Coordinator for Economic
Cooperation with Japan

Q% Wy~ E\

Koichi Miyashi So Khun
Leader -Minister
Basic Design Study Team Ministry of Communication, Transport
JICA and Post
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ATTACHMENT

Objective

The objective of the Project is to rehabilitate the Route 6A to provide unintetupted
road transport between Phnom Penh and its nosthern hinterland and to contdbute
toward the enhancement of the nation's economy.

Pied Si

The location of the Project site is shown in Annex L The Route 6A starts at the
Chroy Changwar Bndge which is located al the notheast end of Phaom Penh city
and terminates at the Route 6 near Chun Chunck. The total length of the Route 6A
is approximately 45 kilometres.

Executing Agency

Road and Bridge Deparument (RBD), Ministy of Communication, Transport and
Post (MCTP) s responsible forthe implementation of the Project.

Iems mquested by the Cambodian Side

After discussions with the Basic Design Study Team, the following items were
finally requested by the Cambodian side.

(1) Rehabilitation of damaged bridges and culverts;
(2) Rehabilitation of damaged road embankment; and
(3) Rehabilitation of damaged and/or deteriorated pavement.

Design Cited

Road and Bndge Depattment (RBD), MCT?P has confirmed that the cateria for
bridge design, highway geometric design, pavement design, embankment design,
slope protection and other engineenng designs will be camed out ia accordance
with the compatible Japanese standard.




(1) The outline of rehabilitation is showa in Annex IL
() Major damaged road embankment will be restored to the oniginal condition

(3} Damaged and/or detedorated pavement will be restored to the onaginal
conditions.

However, the final coxﬁponems of the Praject may be differed from the above
description, if it was judged from the result of the Study.

Japaa’s Grant Aid System

(1) The Cambodian side has understood the system of Japanese Grant Aid
explained by the team.

(?) The Cambodian side will take necessary measures, described in Annex Vltor
smooth implementation of the Project, on condiuon that the Gramt Aid
Assistance by the Government of Japan is extended 1o the Project.

Schedule of the Study,

Based on the Minutes of Discussions and technical examination of the study results,

JICA will complete the final report and send it to the Cambodiaa side by Apal.
1993.



ANNEX I

MERCHG nngn

NATIOMAL ROAD ROUTE 6A

CHROY CUAHOWAR BRIDGE

PHNOM PENILY

' ro,,e >

F?Ou(e 3

PHNOM FENH_—KOMPONG SAM RAILWAY

PROJECT LOCATION MAP

A-9



OUTLINE OF REHABILITATION ON NATIONAL ROAD 6A

ANNEX It

Items Damages Intended Rehabilitation Remarks
Bridge Collapse of Span R econstruction Details are shown
Destructinn of Pier Repair in ANNEX I
r . ¢
Destrucsion of Girder R epsic
|_Destrietionof Slah 1 Repair
Destrudtion of Badge Railing Repair
Eailure nf Appmach Fill Refill & Qlope Pmiectian
Pipe Cutvert |_Destuction of Pipe R econstugion Details are showa
Destruction of Headwall R econstniction in ANNEX [V
Fatlure of Rackdill Refilt .
Road _Failuce of Fmbankmeat. ...L Reconstudtion & Slope Proetion | Typical cross
Embankment . ]
Seitlement Filling sections are shown
Excavation Fiiling in ANNEX V
| Eathuee of Slope Refill & Slope Protecion
_Emsion of Slope Refill
Pavement Deterioration of Camriageway | Repavement
Failure of Shoulder R epair
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ANNEX IV

psmimgeyal3q oy, - @

vomaiqeyas oN . O : puada]

&~
vT ik | o e | o ﬂ 8T 099+97| TROCWONARN © <
or 53 o) O ) O ﬁ Sl 08g+gy| IMOTWO AN g
21 0 T O 10] & | o e
cr > O O o Q ! | g

= , 7 - - TRSaEoY Jup]

o > O O O O z Sl ObL+T] s
T ¢l ® ® | o ® £ Sl 0St+y| TROCHON IOy,
cr Ut ® O O 0 i 'y 0LL+01 _a%ew u_”z ¢
v R O O O O I <] gpi+g | A aSmA} 7
>V vt ® | O o | O t S oLzry | A Aassny]
() to) mﬁ_,:m. J.mddnum.ﬁ 2dig )

STBPMSPROY WO WARH | Tpapusy [EMpE D Jo oN | adigjoazig | uoms | PHsi] Jo aweN] ON

A7 poolg USWATR G uonBIfigeyay pIpuatu]

ToneIIqegay IRBAIRD adid jo SUMRG




ANNEX YV
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ANNEX VI

MAJOR UNDERTAKINGSTO BE TAKENBY EACH SIDE

NECESSARY MEASURESTO BE TAKEN BY THE CAMBODIAN SIDE

Majar Undettakings to be Taken by Each Side

No.

Eems

To be Covered To be Cavered

by Grant Aid

by Recipient Side

)

@)
&)

)

®)

@

Q)

®)

&)

(10)

{11

Land aoguisition and property
compensation for the rehabilitation of
Route 6A :

Provision of quany site

Land lease/acquisition of the spaces
for the base camps (office, quarters,
stock yard and motor poot),
aggregates processing and mixing
plant and other necessacy temporaty
works

Demolition and clearing of the
inhabitant's properties within the
existing right-of-way area along
Route 6A, as required

Rehahilitation of damaged brddges
and culveits

Rehabilitation of damaged road
embankment

Rehabilitation of damaged and/or
detenorated pavement

Control of road traffic during the
Rehabilitation :

Security control of powder magazine
for blasting

Restoration of damaged road
facilities due to the implementation
of the Rehabilitation '

Traffic management facilities for
road and dver during the
Rehabilitation: cones, bamricades,
ropes, twinkler sign board, and pre-
waming signs and lights

[+




Necessary Measures to be Taken by the Cambodian Side

(1)

4)

(5)

(6

(7

To exempt taxes and to take necessary measures for customs clearance of the
materials and equipment brought for the Project at the port of disembarkadon.

To exempt study members from income taxes and other fiscal charges payabie

under the legislation of Cambodia in respect of any emoluments or allowances
remitted to them from overseas.

To accord Japanese Nationals whose services may be required in connection
with the supply of products and the services under the verified contract such

fucilities as may be necessary for their entry into Cumbodia and stay therein
for the performance of their work.,

To maintain and use properly and effectively that the fucilities rehabilitated
under the Grant.

To bear all the expenses other than those to be borne by the Grant, necessary
for the rehabilitation of the facilities.

To ensure prompt processing of required internal formalities to secure the
implementation tume schedule of the Project.

To ensure the safety of the Study Team members when and as it is required in
the course of the Study.



Mistutes of Discussion
Basic Design Study on
The Project For Rehabilitation of National Road Route 6A

in Cambodia

In December, 1992, the Jupan International Cooperation Agency (JICA) dispaiched o Bosic
Design Study team on the Project for Rehabititation of National Road Route 6A (hereinalwer
referred o as "the Project”) to Cambodia, through discussions, ficld survey, and echnical

examinaton of the results in Japan, JICA has prepared the Dralt Finad Report of the Study.

In order 10 explain and 1o consult the Caunbodian side on the components of the Draft Final
Report, JICA seatto Cambodia a study team headed by Mr., Akira Fujimoto, Coordinator
for Internationsd Research Cooperation, Public Works Rescarch Tnstitute, tMiniswy  of

Construction, and is scheduled w stay in the country from March 21 10 28, 1993.

As aresult of discussions, both parties confirmed the main ilems desaribed on the attached

shects.
Phomwn Penh March 26, 1993
For 11T HOR NAMIONG,

Moember of S.N.C,, Cuordinulor {or
Fconomic Cooperation with Japan

7 P T — T
e & e NN
AKIRA FLUIIMOTO SO KINUN
Minister
[RETHIEY i o o
asic Design & ey Ministry of Communicalion, Transport
!1111":.,1: Design Study Feam and Post (MCTP) of Cunbodin



ATTACHMENT

Components ol Draft Final Report

Rowd and Bridge Departinent (RBD), MCTP has agreed and sccepted in principle
the components of the Dealt Final Report proposed by the wim,

Japan's Geant Aid System

(1 RUDMETE has unduerstood the system of Japanese Grant Aid explained by

Lhe ez,

(2) RODMCTP will take the necessaey measures, “deseribed in Annex 1, for
smooth mnplementation of the Project on condition that the Granl Aid

assistance by the Government of Japan is extended 10 the Projeet.

Further Schedule
t
The team will make the Final Report in uccordunce with the confirmed ilems, anad

sead it W Cambodia by the end of May, 1993,

i



Anncx I: Necessary Measures (o be taken by the Cambodian Side in Case

10.

Note:

Japan's Graat Aid is executed

To secure the space for the Site and other necessiry lemporary works, and o clecar
the site;

To easure prompt unloading and customs clearance of the materials and equipment

brougli for the Project st ports of disembarkation in Cambodia:
To control road waffic Juring construction

To exempt taxes of the matetials and equipment brought for the Project at the port
of disembarkation; '

To exempt study members from income taxes and other fiscal charges payable
under the legisiation of Cambodian respect of any emoluments or allowances
remiticd to them from overseas:

To accord Japanese Nationals whose services may be required in connection with
the sepply of produds and the services under the verified contract such {acilities as
may be necessary for their entry into Cambodia and stay therein for the performance

of their work;

To maintain and use properly and effecively that the facililies repaired under the

Grant;

To bear ofi the expenses, other than those covered by the Grant, necessary [or the

execution of the Project;

To ensure prompt processing of required internal formaliies lo secure the

implementation time schedule of the Project; and

To ensure the salaty of study membors when and as it is required in the course of

the study.

The Site means construction site, project office, housing for labour, motor pool,
stone crushing and material stockyard asphall concrete mixing yard and cement
concrete batching yard as shown i Annex 1.
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TOGHER LY DISTRICY

LEGEND
Y Quarry and Plant Yard 37,500 m*

= Dase Camp 10,000 m’
® Slipways 2,500 m’x2

National Road Route 6A

A% MAP OF THE SITE
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SOIL PROFILE OF NO.14 PREK KHENG BRIDGE

Reduced to 79% of scale
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e PHNOM PENH

SOiL PROFILE OF NO. 20 PREK TA SUM BRIDGE
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SOIL PROFILE OF NO. 22 PREK KRA POES BRIDGE

SCALE 1:200 fteduced to 70% of scale
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SO PROFILE OF NO. 24 KOMPONG PRAS 1st BRIDGE
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SOIL PROFILE OF EMBANKMENT SECTION

SCALE 1:200 feducatd to 70% of scale
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SOIL PROFILE OF EMBANKMENT SECTION

SCALE 1:200 Reduced 10 70% of scale

1= PHNOM PENH

41k488

4.9M DL (M)
2 40“*“44MR\ — +15
E'Né'_ Y 8-40M
e - .
EMBANKMENT _t10
MATERIAL
D 30 40 50
41
a5
h 52 L+ 5
" DARK GREY TQ BROWN CLAY
27
26
31 BROWN FINE TO MEDIUM GRAIN SAND
19 10
22 .
o3 BROWN CLAY
H BROWN FINE GRAIN SAND
32
prat)
2 BROWN SANDY CLAY - - 5
28
82 BROWN SILTY FINE GRAIN SAND
AR
L
- BROWN SANDY SILT T
18
7
——— 20 BROWN SILTY FINE GRAIN SAND
::’ - -i5
p 8o WHITE SANDY SILT
WEATHERED GRANO-DIORITE
20




16.00
14.00
12.00
10.00
8.00
6.00
4.00
2.00

0.00

 APPENDIX-G

STAGE HYDROGRAPH AT PHNOM PENH, KOMPONG CHAM
AND PREK KDAM {1991)
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RAINFALL, RECORD IN PHNOM PENH APPENDIX-7
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