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Session 3 

Pavement Option Selection and 
Design

Points to Think About

How do I select a pavement option?How do I select a pavement option?

What information is needed for pavement 
decisions?

How do I analyse this data?

How important is drainage ?How important is drainage ?
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Budget

Road TaskRoad 
EnvironmentEnvironment

SUSTAINABLE RURAL ROADS

The purpose of road design is 
to allow a road to perform a

Road Design

to allow a road to perform a 
Task in a defined Environment
within an affordable Budget
REMEMBER: To “Over-design” 
and “Under-design” are BOTH a 
waste of money !
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General Design Sequence

Road Location

Site Characterisation

Data Assessment

 Pavement Design

Option(s) 

• Pavement

Road Design Elements

• Pavement
• Structures
• Drainage
• Alignment GeometryAlignment Geometry
• Earthworks
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A pavement selection procedure has been 
developed from the SEACAP research 
initiatives - based on two key principles:

LVRR Pavement Selection

y p p

1. Pavements must be fit for purpose in 
terms of traffic volume and axle loads,

2. Pavements should be compatible with2. Pavements should be compatible with 
the governing road environment factors, as 
discussed in the previous section. 

Phase I: Identification of appropriate 
pavement types compatible with the road 

A Two Phase Selection Approach

p yp p
environment.

• Phase II: Detailed design of the selected 
pavement components (e.g. layer 
thicknesses) compatible with engineering 
standards and requirements i e trafficstandards and requirements – i.e. traffic, 
axle load and sub-grade strength.
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Road 
Task 

Environment 

Road 
Environment 
Assessment

Socio-
Economic

Available 
options

SE
 I

Phase I 

Selection of appropriate 
general pavement type 
or types

Economic 
Factors

 Gravel  
assessment

Option(s)

Gravel? 

Y N

PH
A

S
Phase II 

Detailed design of
Traffic 
Detail Sub-

grade 
Detail

 Cambodian  
standards

Detailed 
Design

PH
A

SE
 II

Drainage 

Detailed design of 
selected option

The initial selection of pavement type 
should be on a whole range of 
factors that cumulatively can be 
described as the “road environment”

Rural road Pavement Selection

described as the road environment , 
namely:

Construction materials
Climate/rainfall
Hydrology
Terrain
T ffi / l l dTraffic/axle load
Construction regime
Maintenance regime
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 Key Issues 
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Emulsion sand seals 2 1 2 0 x x 0 1 2 0 1 0 1 
S and DBST with emulsion 0 1 2 2 2 2 0 1 2 0 1 2 2 
Penetration Macadam x x 0 2 2 2 2 0 0 2 0 0 2 
S and DBST with hot bitumen 0 2 0 2 2 2 0 2 0 0 x 2 2 
Lime stabilised base and subbase  1 0 2 0 1 0 x 1 0 0 x 2 0 
Cement stabilised base and subbase 1 0 2 0 1 0 x 1 0 0 x 2 0

;

Cement stabilised base and subbase 1 0 2 0 1 0 x 1 0 0 x 2 0 
Sealed Dry Bound Macadam 0 0 2 2 2 2 0 2 0 2 0 2 2 
Sealed Water Bound Macadam 0 0 2 2 2 2 0 2 0 2 0 2 2 
Dressed Stone/Cobbles 1 1 2 1 1 2 1 1 1 1 2 0 x 
Bricks, Concrete and Clay 1 1 2 2 1 2 1 1 1 2 1 2 2 
Sealed Armoured Gravel 2 0 2 2 2 2 0 2 0 x 0 2 2 
Un-reinforced concrete 2 1 2 1 1 1 2 1 2 1 0 2 1 
Unsealed Natural Gravel 1 0 1 x x x 0 1 2 0 0 x x 

 

 
A ll P a v e m e n t O p tio n s

M a te r ia ls

T ra ffic  Re g im e

The collected road 
environment data 
is used in Phase I 
i filt i C o n s tru c tio n  Is s u e s

E ro s io n  Re g im e

M a in te n a n c e  Re g im e

in filtering process 
to identify likely 
pavement options   

S c io -E c o n o m ic  A n a lys is

S h o rt L is t to  P h a s e  II
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Primary Engineering Filter
Seals and Load Bearing Surfaces Bases 
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Economically available 
Materials
Crushed stone aggregate √ √ √ √ √ √ √ √ √
Stone blocks √
Laterite gravel √ √ √
Colluvial/alluvial gravel √ √ √
Weathered rock √

√Fired clay bricks √
Clay soil √ √
Sand √ √ √ √ √ √
Cement √ √ √ √
Lime √
Bitumen √
Bitumen Emulsion √ √ √

Specific Health-Environment Issues

If the road is:.

In a village
Beside a school or  health centre

Ideally road should not have a dusty 
unsealed surface

The is in addition to other engineering 
considerations such as rainfall, gradient etc



8

Road 
Task 

Environment 

Road 
Environment 
Assessment

Socio-
Economic

Available 
options

SE
 I

Phase I 

Selection of appropriate 
general pavement type 
or types

Economic 
Factors

 Gravel  
assessment

Option(s)

Gravel? 

Y N

PH
A

S

Phase II 

Detailed design of 
selected option

mm
70

Traffic 
Detail Sub-

grade 
Detail

 Cambodian  
standards

Detailed 
Design

PH
A

SE
 II

Drainage 

70
50

100

100

Detailed Design

Essentially based on 
BASIC CBR DESIGNBASIC CBR DESIGN

Thickness

developed relationships 
between subgrade 
strength and traffic 
loading  - common to 
use standard charts –

BASIC CBR DESIGNBASIC CBR DESIGN

5 tonne wheel

Strength of subgrade
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T1 T2 T3 T4 T5 T6 T7 T8

S1

Typical Design Table such as
ORN31

SD
150

175

300

SD
150

225

300

SD
200

200

300

SD
200

250

300

SD
200

300

300

SD
225

325

300

* * * *

Increasing  traffic 
categories

S2

S3

S4

SD
150

150

200

SD

SD

SD

SD

SD

SD

SD

SD

SD

SD

SD SD

SD

SD SD

SD

SD

150

150
150

150

150

200

175

200200

200

200

200

200

200 200

200

200

200 200

200

200

200

200

175 225 275

325 350

225

300

250 225 275

125 150 200 250

225

275

225

*

***

** BUT:  These tables 
need to be 
developed for 
CAMBODIAN 
LVRR conditions

S5

S6

SD

SD

SD

SD

SD

SD

SD

SD SD

SD SD

SD

150

150 150

150
125

200

200 225

150

125 50

100 100 100
175

175 225 250

175

250

*  A cement or lime-stabilised sub-base may also be used

Increasing subgrade ategories

LVRR conditions

Overseas Road Note 31
Suitable for tropical and sub-tropical climates
Simple to use charts and a wide range ofSimple to use charts and a wide range of 
materials
However, no LVRR traffic loading sub-divisions
Therefore it is conservative (expensive) for 
LVRRs
Like most methods, it does not specifically dealLike most methods, it does not specifically deal 
with roadbase materials that do not meet the 
standard strength requirements
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Layer thickness based on subgrade strength 
and traffic: typical example from Lao

Subgrade 
Soaked CBR%

Pavement Layer Traffic A
Layer Thickness 

(mm)

Traffic B
Layer Thickness 

(mm)(mm) (mm)

2-3.9
Surface

Base
Sub-Base

Seal
100
175

Seal
120
200

4-6.9
Surface

Base
Sub-Base

Seal
100
150

Seal
120
175

7-10.9
Surface

Base
Sub-Base

Seal
100
100

Seal
100
175

>11
Surface

Base
Sub-Base

Seal
100
100

Seal
100
150

OPTION B Typical Thicknesses
Steel reinforced 20MPa concrete mm

120 150 200

Bedded on compacted sand 50 50 50

Lime/cement stabilised soil, CBR >30% 100 120 150 OPTION M

Eemulsion sand & stone chip  seals Typical Thicknesses
OPTION C Typical Thicknesses mm
Bamboo reinforced 20MPa concrete mm Emulsion stabilised soil; CBR 45% 100 120 150

120 150 200

Bedded on compacted sand 50 50 50 Emulsion stabilised soil; 30% 100 120 150

Bmb

Steel Pavement Option Lists

Natural gravel base CBR>30% 100 150 200

OPTION N Typical Thicknesses
Emulsion sand seal mm

OPTION D Typical Thicknesses Concrete bricks 70 80 100
Bamboo reinforced 20MPa concrete mm Compacted sand 50 50 50

120 150 200
Natural gravel; CBR >30% 100 120 150

Bedded on compacted sand 50 50 50
Compacted sand base, CBR > 30% Natural gravel, CBR >30% 100 120 150

100 120 150

OPTION O Typical Thicknesses
OPTION  E Typical Thicknesses Emulsion sand seal mm
Steel reinforced concrete mm Concrete bricks 70 80 100
15cm 120 150 200 Compacted sand 50 50 50

Bmb

Steel

50 50 50 Dry bound macadam 100 120 150
Compacted sand base, CBR > 30%

100 120 150 Dry bound macadam 100 120 150

OPTION F
Emulsion sand & stone chip  seals Typical Thicknesses OPTION P Typical Thicknesses
Dry bound macadam mm Emulsion sand seal mm

100 120 150 Crushed stone armouring; CBR 50% 50 70 100
Dry bound macadam

100 120 150 Natural gravel, CBR >30% 100 120 150
Compacted sand sub-base, CBR >30%

100 120 150 Natural gravel, CBR >30% 100 120 150
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Cross sections

Clay brick over cement stabilised sandy soil

KEY QUESTIONS ?

What actually happens if theWhat actually happens if the 
pavement is not thick enough?

What actually happens if the 
db i t t h?roadbase is not strong enough?
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Transfer of wheel load

Roadbase Thickness insufficient

Base

6 tonnes

Subgrade 1. Surface cracks…..

2. Subgrade deforms 
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Strength of Base Insufficient

Base

6 tonnes

Subgrade 1. Shear failure, and heave

2. Surface cracks

Flexibility in Pavement Design
Modify the material to 
suit the pavement 
optionsoptions

Modify the options to 
suit the materials 
available,available,
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Materials – A Key to Sustainable 
Road Construction

A fundamental principle, or message, that 
needs to be carried forward from current 
research into practice is that appropriate 
road construction materials need to be 
selected on a “fitness for purpose” basis;selected on a fitness for purpose  basis; 
that this is related to their actual service 
performance. 

Locally Available Materials

Use of local materials is essential 
where reserves are limited or of 
marginal quality, as they are in 
certain rural areas of Cambodia.
That means that specifications 
and designs must be suited to 
local materials.
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Thickness
Bamboo reinforced 20MPa concrete mm

150

Bedded on compacted sand 50

Natural gravel base CBR>30% 100

Sub-grade CBR 5-6% (H1, H2)

Bmb

Thickness
E l i d l

Gravel may be used as a 
sub-base or base as well as 
being used as an unsealed 

option in appropriate 
situations

Emulsion sand seal mm
Crushed stone armouring; CBR 50% 70

Natural gravel, CBR >30% 100

Natural gravel, CBR >30% 100
Sub-grade CBR 3-5% (H9)

Thickness
mm

Natural Gravel 100

Natural Gravel
100

Sub-grade CBR 3% 

Identifying Available Materials
Even for limited scope LVRR projects, 
materials testing should aimed at defining 

i f i t fservice performance in terms of:
The load bearing capacity of the 

compacted material,
Its volume stability in response to soaking-

dryingdrying,
Its component particle strength and 

durability (granular materials). 
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Appropriate Use of Materials

It is important to use materials relevantIt is important to use materials relevant 
to their role in the road, that is, to 
ensure that they are neither sub-
standard nor wastefully above the 
standards demanded by theirstandards demanded by their 
engineering task.

Thickness
Emulsion sand seal mm
Crushedstonearmouring 70

Good  Natural Gravel Available 

Crushed stone armouring 70

Natural gravel, CBR >30% 100

Natural gravel, CBR >30% 100
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Thickness
mm

Emulsion sand & stone chip  seals 20

Lack of Good Aggregate 

Lime stabilised soil, CBR 65% 150

Lime stabilised soil, CBR 30% 150

Key Question For a LVRR Designer

What appropriate road can I build with these 
local materials  ?   

NOT

Where can I find materials to meet theseWhere can I find materials to meet these
general specifications?
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Summary
This session outlines a general approach to the 
selection and design of LVRRs that is based upon the 
task the roads have to perform; the environments intask the roads have to perform; the environments in 
which they have to operate; and their anticipated 
whole life costs. 

The pavement design process has to be compatible 
with existing Cambodian Standards and based upon 
th ll ti d l i f i t d tthe collection and analysis of appropriate data.
Options should take into account not only the 
immediate construction cost but also their likely 
maintenance costs – together making up what is 
termed the Whole Life Asset Costs

Road Design Data Collection

Climate

TerrainTerrain

Hydrology

Subgrade

Construction 
MaterialsMaterials

Traffic
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Annual 
Rainfall

Terrain:
Flat

Rolling

Mountainous
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Hydrology

Information on apparent pp
water levels and liability 
flooding can be collected 
by observation, 
measurement and 
investigation as part of the 

t h i lgeotechnical surveys.

The Dynamic Cone 
Penetration (DCP) ( )
test.

Assesses in situ 
strength ofstrength of 
pavement layers
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DCP Analysis
Relationships have been developed to 
relate number of blows/mm to CBR 
C b l d hi ll i h tCan be analysed graphically using charts

Traffic Counts

Simple traffic count procedures suitable for useSimple traffic count procedures suitable for use 
by district or commune staff have been 
developed and successfully employed on 
SEACAP project roads. These procedures, 
involve the use of simple field data forms 
followed by the adaptation of the counts into y p
equivalent Average Daily Traffic
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Traffic Volume Calculation
From completed site forms the daily average flow 
counts for each vehicle type can be calculated 
and then converted into an equivalent daily traffic 
using the factors in the following table to 
determine the Average Daily Traffic (ADT) or 
motorised ADT.   
If traffic is known to pass at night, then a
multiplication by 1.2 should be applied to estimate
the 24 hour count.the 24 hour count.
Take account of unusual days – eg market
days.
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Traffic 
Analysis

Traffic Counted ADT Factor
Truck>5t 5
Large Bus 5
Truck <5t 2.5
Small Bus 2
Motor cycle trailer 1
Car 0.8
Animal 0.2
Motorcycle 0.1

4 wheel (2 axle) 
Motorised traffic

Bicycle 0.05
Pedestrian 0.02

Session 3Session 3

WHOLE LIFE COSTS WHOLE LIFE COSTS 
ASSESEMENTASSESEMENT
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Optimising Total CostsOptimising Total Costs

Optimum
Total

High

Road User

Road Works

Cost

Road Works

Design StandardsLow High

Whole Life CostsWhole Life Costs
In order to select the most appropriate In order to select the most appropriate 
surfacing option for a rural road, beside surfacing option for a rural road, beside 
the consideration of its performancethe consideration of its performancethe consideration of its performance, the consideration of its performance, 
much importance should be paid to the much importance should be paid to the 
cost estimation of that option. Two types cost estimation of that option. Two types 
of Whole Life Cost model for rural roads:of Whole Life Cost model for rural roads:
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Whole life Asset Costing is a process of assessing all cost Whole life Asset Costing is a process of assessing all cost 
associated with an investment over its intended (initial) or associated with an investment over its intended (initial) or 
design lifetime.design lifetime.
The aim is to minimize the sum of these values to obtain The aim is to minimize the sum of these values to obtain 
the minimum overall expenditure on the asset, yet the minimum overall expenditure on the asset, yet 
achieving an acceptable level of service of the asset.achieving an acceptable level of service of the asset.g pg p
The principal cost components are the initial investment or The principal cost components are the initial investment or 
construction cost and the future cost of maintaining (or construction cost and the future cost of maintaining (or 
rehabilitating) the asset period selected;rehabilitating) the asset period selected;
Any rehabilitation cost will need to be included in total cost. Any rehabilitation cost will need to be included in total cost. 
Usually an assessment of the residual value of the asset at Usually an assessment of the residual value of the asset at 
the end of the assessment period is included.the end of the assessment period is included.the end of the assessment period is included.the end of the assessment period is included.
From an economic evaluation viewpoint, an important From an economic evaluation viewpoint, an important 
decision is the reduction in value that is assigned to future decision is the reduction in value that is assigned to future 
costs.costs.
A discount rate is usually used to reflect future cost and A discount rate is usually used to reflect future cost and 
benefits.benefits.

Construction

4.4. What are Road Costs?What are Road Costs?

C
os

ts

Periodic Maintenance

Time (years)

Routine Maintenance
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WLC WLC 

Whole Life Cost of Road AssetsWhole Life Cost of Road Assets

==

R R ==

WLC - R Net WLC =

Gravel
Lower initial investment Lower initial investment 
butbut

Example of WCL Assessment

butbut
high maintenancehigh maintenance

Paved
Higher initial investment Higher initial investment gg
butbut
lower maintenancelower maintenance
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$34,207
$32,568 

35,000

NPV of Costs (US$)

Net Present Value of CostsNet Present Value of Costs

20,000

25,000

30,000

WLC Paved Road
WLC Gravel Road

10,000

15,000

1 2 3 4 5 6 7 8 9 10 11 12 130     1      2     3      4      5      6      7      8     9     10    11     12  Year

2. Whole Life Costs (2. Whole Life Costs (WLCWLC))

Final Decision?Final Decision?

$2,947 Gravel Option
WLC: $32,568

Paved Option

$29,621
R = $2,947

Net WLC = 29,621

$6,930

$27,276 R = $6,930
Net WLC = 27,276

Paved Option
WLC: $34,207
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Pavement Drainage

Importance of Drainage
Pavement drainage is 
frequently emphasised in 
design manuals as being ofdesign manuals as being of 
the utmost importance, 
however, there is a 
significant problem in 
applying drainage principles 
in construction and 
maintenance practice .
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Commonly observed problems

• Inappropriate “boxed-in” pavement design 
• Missing and poorly maintained side drainageMissing and poorly maintained side drainage
• Insufficient or badly sited cross drainage 

(culverts)
• Lack of maintained road shape (cross-fall) on 

unsealed roads
• Build up of vegetation and debris on shoulders• Build–up of vegetation and debris on shoulders 

preventing adequate run-off 

Main Functions
A good road drainage system, which is properly 

maintained, is vital to the successful operation of a 
road It must:road. It must: 
Convey rainwater from the surface of the 
carriageway
Control the level of the water table in the subgrade
Intercept surface water flowing towards the road
Convey water across the line of the road 

The first three functions are performed by side drains 
and the fourth by culverts, drifts and bridges
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Uncompacted fill is 
also  liable to surface 
erosion or mass

Water runs down 
cut slope and 
across cut half of 
road bench 

Rain falling on fill 
portion permeates 
through the soil 
mass 

Earthworks Drainage

Half road bench cut 
in original ground 
(more consolidated, 
l bl ) Half road bench

erosion or mass 
slumps Steep cut slope: 

increased risk of 
slope failure 

less permeable) Half road bench 
formed in fill (less 
consolidated and 
more permeable) 

Fill tipped on unbenched slope: 
original surface forms a 
hydrologically active plane and 
may act as a slip plane  Water flows

Potential failures

The Importance of Earthworks

Problem 
AreasAreas
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Carriageway Drainage
If water is allowed to enter the structure of the road, 
the pavement will be weakened. Water can enter 
the road as a result of rain penetrating the surfacethe road as a result of rain penetrating the surface 
or as a result of the infiltration of ground water. 

The road surface must be constructed with a 
camber so that it sheds rain water quickly and the 
formation of the road must be raised above theformation of the road must be raised above the 
level of the local water table to prevent it being 
soaked by ground water

Poor Crossfall and Road shape – Collection 
of Water and Pavement Deterioration
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Poor Drainage 
Leads to Road 

Failure

Missing Culvert?

No Side Drains ?

Earthworks too low ?Earthworks too low ?

Adequate Side 
Drainage 

(Some routine 
i tmaintenance 

required)



33

Discussion

How do I select a pavement option?How do I select a pavement option?

What information is needed for pavement 
decisions?

How do I analyse this data?

How important is drainage ?How important is drainage ?
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emeronTI 0 3
kareRCIserIsRbePTkRmalpøÚv n igkareRKagbøg;

Pavement Option Selection and Design

c Mn uc EdlKYrB ic arN a

etIeRCIserIs RbePTkRmalpøv tamrebobNa?R R R Ú o

etIRtUvkar Bt’manGVIxçH sMrab;karseRmccitþeTAelIRbePTkRmalpøÚv?

etI viPaKTinñn½y TaMgenHtamrebobNa?
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viFIsa®sþTUeTAé nkareRCIserIsRbePTkRmalpøÚv
General Approach for Pavement Options Selection

fvika
pøÚv CnbTEdlmanc irPaB

mxgarpvktabrisanpv muxgarpøÚvktþabrsßanpøÚv
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eKalbMNgénkareRKagbg;³ eGaypvGacRbtibtitnaTIRsbnwg

kareRKagbøg ;p øÚv

eKalbNgénkareRKagbøg³ eGaypøÚvGacRbtbtþtYnaTRsbng 
brisßanTItaMg nigeRkamkBa©b;fvikaEdléllk)an

{kareRKagbøg;elIskMrit (Over-design)}
ikarx¢Hx¢ayfvika¡

{kareRKagbøg;eRkamkMrit (Under-design)}

lMdab;erogT UeTA é nkareRKagbøg ;
TItaMgpøÚv

C I

karvaytémøTinñn½y

lkçN³kardæan

CeRmIsRbePTkRmal

kareRKagbøg;kRmalpøÚv
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• pv ( )

Fat u é nkareRKagbøg ;p øÚv

• kRmalpøÚv (Pavement)

• sMNg;sil,³kar (Structures)

• RbB½n§edaHTwk (Drainage)

• FrNImaRtExSbeNþaypøv (Alignment Geometry)R S þ øÚ
• kargarEpñkdI (Earthworks)

Ep¥kelIkarRsavRCavénKMerag SEACAP³ nItiviFIeRCIserIsEp¥kelI 
_ M ; I

n It iv iF IeRCIs erIsRbePTkRmalpøÚv CnbT

eKalkarN_sxanBr³
1>kRmalpøÚvRtUvsmRsbtameKalbMNgpøÚv³ cracr/ 
bnÞúkelIG½kSyanynþ>>>>

v E w i v2>kRmalpøÚvKYrEtsmRsbnwgktþabrisßanpøÚv
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dMNak;kalTI 1³ karkMNt;RbePTkRmalpvsmRsbeTAnwgbrisanpv

v iF Is a®s þeRCIs erIs EdlmanB Ird MN ak ;kal

dNakkalT 1³ karkNtRbePTkRmalpøÚvsmRsbeTAngbrsßanpøÚv
dMNak;kalTI 2³ kareRKagbøg;lMGiténsmasPaBkRmalpøÚvEdl 

)aneRCIserIsrYc ¬ kMras;RsTab;¦ RtUvtam 
bTdæanbec©keTs nigtRmUvkar³ cracr/ 

½ ;bnÞúkelIG½kSyanynþ niglT§PaBRTRTg; 
rbs;RsTab;dIFmμCati (sub-grade)

Road Task Environment 

Road 
Environment  
Assessment

Socio-

Available 
options

E 
I

dMNak;kalTI 1³ kareRCIserIs 
RbePTkRmalpøÚvTUeTAEdlsmRsb

Economic 
Factors

 Gravel  
assessment

Gravel? 

Yes No

PH
A

SE

mm
70

dMNak;kalTI 2³ kareRKagbøg;lMGit 
énRbePTkRmalpøÚvEdl)aneRCIserIs

Option(s)

Traffic 
Detail Sub-

grade 
Detail

 Vietnam  
standards

Detailed Design

PH
A

SE
 II

Drainage 

70
50

100

100

Cambodia
Standard
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kareRCIserIsdMbUgeTAelIRbePTRmalpøÚvKYrEt 
epþateTAelIktþaTaMgLayEdlehAfa {brisßanpøv}³

kareRCIserIsRbePTkRmalpøÚv

þ þ L ß øÚ
•smÖar³sagsg;
•GakasFatu¼kMritTwkePøóg
•ClviTüa
•RbePTTItaMgdI
•cracr¼bnÞúkelIG½kSyanynþ
•rbbénkarsagsg;
•rbbénkarEfrTaM

 

 Key Issues 
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sMKal;1=manKuNRbeyaCn_
2= GacmanKuNRbeyaCn_
0=KμanKuNRbeyaCn_
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 c
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R
ou
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ne

ss

Emulsion sand seals 2 1 2 0 x x 0 1 2 0 1 0 1 
S and DBST with emulsion 0 1 2 2 2 2 0 1 2 0 1 2 2 
Penetration Macadam x x 0 2 2 2 2 0 0 2 0 0 2 
S and DBST with hot bitumen 0 2 0 2 2 2 0 2 0 0 x 2 2 
Lime stabilised base and subbase  1 0 2 0 1 0 x 1 0 0 x 2 0 
Cement stabilised base and subbase 1 0 2 0 1 0 x 1 0 0 x 2 0

x=manKuNvibtþi

Cement stabilised base and subbase 1 0 2 0 1 0 x 1 0 0 x 2 0 
Sealed Dry Bound Macadam 0 0 2 2 2 2 0 2 0 2 0 2 2 
Sealed Water Bound Macadam 0 0 2 2 2 2 0 2 0 2 0 2 2 
Dressed Stone/Cobbles 1 1 2 1 1 2 1 1 1 1 2 0 x 
Bricks, Concrete and Clay 1 1 2 2 1 2 1 1 1 2 1 2 2 
Sealed Armoured Gravel 2 0 2 2 2 2 0 2 0 x 0 2 2 
Un-reinforced concrete 2 1 2 1 1 1 2 1 2 1 0 2 1 
Unsealed Natural Gravel 1 0 1 x x x 0 1 2 0 0 x x 
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A ll P a v e m e n t O p tio n s

M a te r ia ls

T ra ffic  Re g im e
Tinñn½ybrisßanpøÚv   
cMraj;CeRmIsRbePT

C o n s tru c tio n  Is s u e s

E ro s io n  Re g im e

M a in te n a n c e  Re g im e

crajCeRmsRbePT  
kRmalpøÚv 
¬ dMNak;kalTI1¦

S c io -E c o n o m ic  A n a lys is

S h o rt L is t to  P h a s e  II

Primary Engineering Filter
Seals and Load Bearing Surfaces Bases 
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Economically available 
Materials
Crushed stone aggregate √ √ √ √ √ √ √ √ √
Stone blocks √
Laterite gravel √ √ √
Colluvial/alluvial gravel √ √ √
Weathered rock √

√Fired clay bricks √
Clay soil √ √
Sand √ √ √ √ √ √
Cement √ √ √ √
Lime √
Bitumen √
Bitumen Emulsion √ √ √
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kt þaesd æk ic ©-sgÁm
Socio-Economic Factors

-bBaða brisßan-suxPaB³ kñúgPUmi Ek,rsalaeron rWmNÐlsuxPaB 
minKYreRCIserIlpøÚvEdlK μankRmal huyFUlIdI/ eRKaHfñak;>>>>
-bBaðaeynD½r
esdkicmldan-esdækc©mUldæan

Road 
Task 

Environment 

Road 
Environment 
Assessment

Socio-
Economic

Available 
options

SE
 I

dMNak;kalTI 1³ kareRCIserIs 
RbePTkRmalpøÚvTUeTAEdlsmRsb

Economic 
Factors

 Gravel  
assessment

Option(s)

Gravel? 

Y N

PH
A

S

dMNak;kalTI 2³ kareRKagbøg;lMGit 
énRbePTkRmalpøÚvEdl)aneRCIserIs

mm
70

Traffic 
Detail Sub-

grade 
Detail

 Cambodian  
standards

Detailed 
Design

PH
A

SE
 II

Drainage 

70
50

100

100
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kareRKagbøg ;kRmalpøÚv
Ep¥keTAelITMnak;TMngrvag 

BASIC CBR DESIGNBASIC CBR DESIGN
Thickness¥

kMlaMgRTRTg;rbs;RsTab;dIFmμCati 
nigbnÞúkcracr

BASIC CBR DESIGNBASIC CBR DESIGN

5 tonne wheel

Strength of subgrade

T1 T2 T3 T4 T5 T6 T7 T8

S1

ORN31: taragbTdæaneRKagbøg;

SD
150

175

300

SD
150

225

300

SD
200

200

300

SD
200

250

300

SD
200

300

300

SD
225

325

300

* * * *

RbePTcracr

S2

S3

S4

SD
150

150

200

SD

SD

SD

SD

SD

SD

SD

SD

SD

SD

SD SD

SD

SD SD

SD

SD

150

150
150

150

150

200

175

200200

200

200

200

200

200 200

200

200

200 200

200

200

200

200

175 225 275

325 350

225

300

250 225 275

125 150 200 250

225

275

225

*

***

** b:uEnþ³ taragenHcaM)ac;RtUvGPivDÆn_ 
sMrab;lkçx½NÐpøÚvCnbTenAkm<úCa

BUT:  These tables need to 
be developed for 

S5

S6

SD

SD

SD

SD

SD

SD

SD

SD SD

SD SD

SD

150

150 150

150
125

200

200 225

150

125 50

100 100 100
175

175 225 250

175

250

*  A cement or lime-stabilised sub-base may also be usedlTæPaBRTRTg;RsTab;dIFmμCati (Sub-grade)

CAMBODIAN LVRR 
conditions



10

kMN t ;pøÚv eRkARbeTs elx31
Overseas Road Note 31

smRsbsMrab;GakasFatuRtUBic
samBaØkñúgkareRbI³ RkahVic nigsmÖar³cMruH
b:uEnþBMumanmiyayBIbnÞúkcracrN_elIpøÚvCnbT
dUcenH vaéføsMrab;pøÚvCnbT
min)anKitBIbBaðasMPar³RsTab;mUldæanpøÚv R Ú
EdlmankMlaMgRTRTg;minRKb;bTdæan

kRmas;RsTAb;mUldæanEp¥kelIkMlaMgRTRTg;RsTab;dIFmμCati nigcrac
¬ ]>enARbeTs Lav¦

Subgrade 
Soaked CBR%

Pavement Layer Traffic A 
Layer Thickness 

(mm)

Traffic B
Layer Thickness 

(mm)(mm) (mm)

2-3.9
Surface

Base
Sub-Base

Seal
100
175

Seal
120
200

4-6.9
Surface

Base
Sub-Base

Seal
100
150

Seal
120
175

7-10.9
Surface

Base
Sub-Base

Seal
100
100

Seal
100
175

>11
Surface

Base
Sub-Base

Seal
100
100

Seal
100
150
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OPTION B Typical Thicknesses
Steel reinforced 20MPa concrete mm

120 150 200

Bedded on compacted sand 50 50 50

Lime/cement stabilised soil, CBR >30% 100 120 150 OPTION M

Eemulsion sand & stone chip  seals Typical Thicknesses
OPTION C Typical Thicknesses mm
Bamboo reinforced 20MPa concrete mm Emulsion stabilised soil; CBR 45% 100 120 150

120 150 200

Bedded on compacted sand 50 50 50 Emulsion stabilised soil; 30% 100 120 150

Bmb

Steel CeRmIsRbePTkRmalpøÚv

Natural gravel base CBR>30% 100 150 200

OPTION N Typical Thicknesses
Emulsion sand seal mm

OPTION D Typical Thicknesses Concrete bricks 70 80 100
Bamboo reinforced 20MPa concrete mm Compacted sand 50 50 50

120 150 200
Natural gravel; CBR >30% 100 120 150

Bedded on compacted sand 50 50 50
Compacted sand base, CBR > 30% Natural gravel, CBR >30% 100 120 150

100 120 150

OPTION O Typical Thicknesses
OPTION  E Typical Thicknesses Emulsion sand seal mm
Steel reinforced concrete mm Concrete bricks 70 80 100
15cm 120 150 200 Compacted sand 50 50 50

Bmb

Steel

50 50 50 Dry bound macadam 100 120 150
Compacted sand base, CBR > 30%

100 120 150 Dry bound macadam 100 120 150

OPTION F
Emulsion sand & stone chip  seals Typical Thicknesses OPTION P Typical Thicknesses
Dry bound macadam mm Emulsion sand seal mm

100 120 150 Crushed stone armouring; CBR 50% 50 70 100
Dry bound macadam

100 120 150 Natural gravel, CBR >30% 100 120 150
Compacted sand sub-base, CBR >30%

100 120 150 Natural gravel, CBR >30% 100 120 150

]>muxkat ;TT wgpøÚv

karerob\dæelIdIl,ayxSac;laysIum:g;t_
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kareRKagbøg;minRsbl¥tameKalbMNgpøÚv Ú
CaTUeTAmanGVIxøH?

c MeN aTbBaðaKn øwH ?

pv ; i ; ; I ?-kRmalpøÚvmankRmasmnRKbRKan manbBaðaGVxøH?
-RsTab;mUldæanpøÚvmanlT§PaBRTRTg;minRKb;RKan manbBaaðGVIxøH?
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karepÞrbn Þøkkg;

RsTab;mUld æanmankRmas ;min RKb;RKan ;

RsTab;mUldæan

6 etan

RsTab;dIFmμCati 1>eRbHépÞpøÚv>>>>>
2>xUcRTg;RTay>>>
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c MeN aTbBaðaKn øwH ?

-RsTab;mUldæanpøÚvmanlT§PaBRTRTg;minRKb;RKan manbBaaðGVIxøH?

§ R R ;R ; U æ R ;R
n ;

6 etan

RsTab;mUldæan

RsTab;dIFmμCati 1>e)a:gépÞpøÚv>>>>
2>eRbHépÞpøÚv>>>>
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kareRKagbøg;kRmalpøÚv manPaBbt;Ebn??

PaBbt ;Ebn en Ak ñøgkareRKagbøg ;kRmalpøÚv
EkécäsmÖar³eGayRsbtamCeRmIs 
kRmalpøÚv (Stabilisation)

EksRmYlCeRmIskRmalpøÚveGayRsb Ú
tamsmÖar³EdlGacrk)an ¬ bEnßmkRmas;¦
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smÖar³ K WCaKn øwH eF VIeGay karsagsg; 
pøÚv manc irPaB

edIm,IQanBIkarRsavRCavbc©úb,nñeTACakarGnuvtþn_³ 
eRCIserIssmÖar³sagsg;EdlsmRsbedayEp¥kelImUldæan 

{RsbeTAnwgeKalbMNg} ¬  lkçN³RbtibtþiesvakmμCak;Esþg 
; ¦rbs;smÖar³¦ .

smÖar³ EdlGacrk) ank ñøgmUld æan

enAkEnøgxøH karbRmugTuksmÖar³kñúgmUldæanmanEdnkMNt; 
nigKuNPaBmankMrit³ kareRbIR)as;bTdæanbec©keTs nigkar 
eRKagbøg;RtUvsmRsbeTAnwgsmÖar³kñúgmUldæan.
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Thickness
Bamboo reinforced 20MPa concrete mm

150

Bedded on compacted sand 50

Natural gravel base CBR>30% 100

Sub-grade CBR 5-6% (H1, H2)

Bmb

Thickness
E l i d l

RKYsGaceRbICaRsTab;RKWH rWRsTab; 
mUldæan k¾dUcCaeRbICakRmaldI 
sMrab;sßanPaBsmRsb.

Emulsion sand seal mm
Crushed stone armouring; CBR 50% 70

Natural gravel, CBR >30% 100

Natural gravel, CBR >30% 100
Sub-grade CBR 3-5% (H9)

Thickness
mm

Natural Gravel 100

Natural Gravel
100

Sub-grade CBR 3% 

kark MN t ;GMB IsmÖar³ EdlGaceRbI) an
eTaHbICaKMeragpøÚvCnbTmanEdnkMNt; kareFVIBiesaF_smÖar³KYrEtepþat 
elIkarRbtibtþiesvakmμ edayKitBI³
lT§PaBRTRTg;énsmÖar³Edlbgðab;rYc
mansßirPaBmaDenAeBlesIm-s¶Üt
kMlaMg nigPaBCab;rbs;PaKl¥iténsmÖar³¬ xSac;>>>>¦



18

kareRbIR) as ;smRsb é nsmÖar³

kareRbIR)as;smar³smRsbkareRbR)assmÖar³smRsb 
mineRkamkMritbTdæan 
minelIskRmitbTdæan.

Thickness
Emulsionsandseal mm

Gacrk) an RK YsFmμCat iEdll¥

Emulsion sand seal mm
Crushed stone armouring 70

Natural gravel, CBR >30% 100

Natural gravel CBR>30% 100Natural gravel, CBR >30% 100
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Thickness
mm

Emulsion sand & stone chip seals 20

kgVH xat é nRKYsEdll¥

Emulsion sand & stone chip  seals 20

Lime stabilised soil, CBR 65% 150

Lime stabilised soil, CBR 30% 150

cMeNaTbBaðaKnøwHsMrab;GñkeRKagbøg;pøÚvCnbT??
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c MeN aTKn øwH s Mrab;GñkeRKagbøg ;p øÚv CnbT
etIpvRbePTNaEdlsmRsbCamynwgsmar³kgmldanEdlman?etpøÚvRbePTNaEdlsmRsbCamYyngsmÖar³kñúgmUldæanEdlman?

Rbs in ebIKμan

etIkEnøgNaEdlGacrksmÖar³edImI,tRmUvtambTdæanbec©keTsTUeTAenH?

igvi i ½ M ; g g;pvkarRbmUl ngvPaKTnñnysrabkareRKagbøgpøÚv
Road Design Data Collection and Analysis
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karRbmUlTin ñn½y bris ßanpøÚv
GakasFatu
RbePTTItaMgdI
Clsa®sþ
RsTab;dIFmμCati
sMPar³sagsg;sPar³sagsg
cracr

kMritTwkePøóg 
RbcaMqñaM
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RbePTTItaMgdI
TMnab
dIx<s;Tab
tMbn;PñM

Clv iT ü a

Bt’manGMBIkMritkMBs;Twk nigTwkCMnn;BtmanGBkrtkBsTk ngTkCnn 
GacRbmUl)antamry³ ³karsegát/ 
karvas; nigsikSaBinitüenAkñúg 
karcuHsikSaPUKBÖsa®sþ®
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kareFVIetsþ DCP GMBIkMlaMg 

RsTab;d IFmμcat i

RTRTg;rbs;RsTab;kRmalpøÚv ³
-kareFVIetsþpÞal;elIkardæan
-bnÞb;BiesaFn_

karv iPaK DCP

manTMnak;TMngsMrab;KNna CBR BI cMnYyTMlak;¼mm
¾ ik¾GacKNnatamRkahVc
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cracr
karrab;cracr³
-12 em:ag³ 3 rW 7éf¶
-KNnacracrN_mFümRbcaMéf¶ (Averaged Daily Traffic-ADT)

-KYrGnuvtþedayGñkmUldæan
-nItiviFIEdlsamBaØ/ TMrg;gayRsYl
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karKN nabrimaN cracrN _
Traffic Volume Calculation

tamry³Tinn½yEdlRsg;)an³tamry³TnñnyEdlRsg)an³
-KNnacracrN_mFümRbcaMéf¶ (ADT) 

énRbePTcracrN_nImYy² edayeRbIR)as;emKuNEksMrYl
-emKuN 1/2 cracrN_ 24em:agu
-KitGMBIéf¶EdlmancracrN_x<s; nigéf¶Fm μta

karviPaKcracr RKb;RbePTcracr?
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karviPaKcracrN_

Traffic Counted ADT Factor
Truck>5t 5
Large Bus 5
Truck <5t 2.5
Small Bus 2
Motor cycle trailer 1
Car 0.8
Animal 0.2
Motorcycle 0.1

cracN_eRKOgynþ
4 wheel (2 axle) 

Bicycle 0.05
Pedestrian 0.02

Motorised traffic

karvaytémøkarvaytémøøø
GMBItémøkñúgGayukalpøÚvTaMgmUlGMBItémøkñúgGayukalpøÚvTaMgmUl

WHOLE LIFE COSTS ASSESEMENTWHOLE LIFE COSTS ASSESEMENTWHOLE LIFE COSTS ASSESEMENTWHOLE LIFE COSTS ASSESEMENT
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M ; pv MgM ; pv MgsMrabGayukalpøÚvTaMgmUlsMrabGayukalpøÚvTaMgmUl
témøpøÚvmanGVIxøH?témøpøÚvmanGVIxøH?

kark MN t ;t é møsrubEdlRbes IrbMp ut
Optimising Total Costs

Optimum
Total

High

Road User

Road Works

Cost

Road Works

Design StandardsLow High
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t é møk ñøgGay ukalpøÚv Ta MgmUl
Whole Life CostsWhole Life Costs--WLCWLC

-edIm,ICYykñúgkareRCIerIsRbePTkRmalpøÚvEdlsmRsbbMput
-m:UEdl WLC manBIrRbePT³

vaytémøEdlCab;Tak;TgnwgpøÚvkñúgmYyGayukalTaMmUl
edIm,IrktémpvsrbEdlmankMritGb,brma b:EnbMerIesvakmlRKb;RKan;

t é møRTB ü p øÚv k ñøgGay ukalTaMgmUl

edm,rktémøpøÚvsrubEdlmankrtGb,brma buEnþberesvakmμl¥RKbRKan
rYmmantémøsMxan;²³ ksag EfrTaM
KitbBa©ÚltémøsþarpøÚveLIgvij nig témøsMNl;pøÚv R (Residual 

Value) enAcugGayukalu u
karvaytémøtamviFIsa®sþesdækic©viTüa témøbc©úb,nñ(Present Value)

GRtakat;bnßy r (Discount Rate)
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t é mørbs ;pøÚv ?

sagsg;
srub

tém
ø

EfrTaMxYb

sagsg

ry³eBl ¬ qñaM¦

Routine MaintenanceEfrTaMRbcaM

témsMNl; RénkRmalpv³ °énsMNl; X témEdlsagsg;dMbg

t é møs MN l ;pøÚv  Residual Value

témøsNl RénkRmalpøÚv³ °énsNl X  témøEdlsagsgdbUg
]> témøsMNl;kRmalpøÚvRKYsRkhm=¬ kRmas;RKYlenAsl;¦ X¬ kRmas; 
kRmalRKYseBlsagsg;dMbUg¦ X témøsagsg;dMbUg
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]>s MN l ;pøÚv

kar) at ;bg;RK Ys
 Low 

delta/coastal 
Subject to 

flood 

Low 
delta/coastal 

Minimal 
flood 

Inland 
Flat 

Rolling 
small hills

Mountainous 

1. Basic 
Gravel Loss 
(mm/year) 

40 25 30 20 35 

Key Regional 
Factor 

2. Adjustment 
t B i L

Poor quality 
material 

+15mm/year

Poor quality 
material 

+5 mm/year

Poor 
quality 

material 

+10

Gradient 

2-4%: +5 
mm/year 

Gradient 

2-4%: +5 
mm/year 

to Basic Loss 
for Regional 

Factor 

+10 
mm/year 4-6%: 

+10 
mm/year 

4-6%: +10 
mm/year 

3. 
Maintenance 
guaranteed 

-30% -30% -30% -30% -30% 
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WLCWLC

t é møRTB ü p øÚv k ñøgGay ukalTaMgmUlt é møRTB ü p øÚv k ñøgGay ukalTaMgmUl
Whole Life Cost of Road AssetsWhole Life Cost of Road Assets

WLC WLC ==

R R ==

WLC - R Net WLC    =

pøÚvRKYs Gravel

témøsagsg;dMbUgTabtémøsagsg;dMbUgTab

]> karv ay t é mø WCL

ø Uø U
témøEfrTaMx<s;témøEfrTaMx<s;

pøÚvmankRmal Paved

témsagsg;dMbgxs;témsagsg;dMbgxs;témøsagsgdbUgx<stémøsagsgdbUgx<s
témøEfrTaMTabtémøEfrTaMTab
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$34,207
$32,568 

35,000

PV of Costs (US$)

témøedImbc©úb,nñ témøedImbc©úb,nñ Present Value of CostsPresent Value of Costs

20,000

25,000

30,000

WLC Paved Road
WLC Gravel Road

10,000

15,000

1 2 3 4 5 6 7 8 9 10 11 12 130     1      2     3      4      5      6      7      8     9     10    11     12  Year

témøkñúgGayukalpøÚvTaMgmUl
Whole Life Costs (WLC)sMerccitþdugeRkay?

$2,947 Gravel Option
WLC: $32,568

Paved Option

$29,621
R = $2,947

Net WLC = 29,621

$6,930

$27,276 R = $6,930
Net WLC = 27,276

Paved Option
WLC: $34,207
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témøkñúgGayukalpøÚvTaMgmUl témøkñúgGayukalpøÚvTaMgmUl WLCWLC
--sMxan;??sMxan;??

--KYrbBa©ÚlktþaGVIxøHeTot??KYrbBa©ÚlktþaGVIxøHeTot??
--KYrbegáItm:Uedl KYrbegáItm:Uedl WLCWLC sMrab;lkçx½NÐRbeTskm<úCa?sMrab;lkçx½NÐRbeTskm<úCa?

½ w éRbB½n§edaHTwkénkRmalpøÚv
Pavement Drainage
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sar³ s Mxan ; é nRbB½n§eda H T wk
-kñúgÉksareRKagbøg;mYycMnYn     ú

epþatelIIsar³sMxan;én RbB½n§edaHTwk 
-kñúgkarsagsg; nigEfrTaMCak;Esþg   

b:uEnþk¾enAEtmanbBaðaKYreGaykt; 
sMKal; 

bBaðaEdlsegáteXIjTUeTATak;TgnwgkaredaHTwk??
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bBaðaEdlsegáteX Ij TUeTA
• kareRKagbøg;kRmalpøÚvRbePT “Box-in” minsmRsb
• Ef M WEf M i i ; v ½ w g gpv• KμankarEfrTaM rWEfrTaMminditdl;nUvRbBnedaHTwksgxagpøÚv
• RbB½n§edaHTwkkat;pøÚvminRKb;RKan;¼minl¥ ¬ lU¦
• kgVHxatkarEfrTaMTMrg;pøÚv¬ CMralTTwgpøÚv¦ cMeBaHpøÚvdI
• kardaMrukçCati nigsMramenAelICeBa©ImpøvEdlraMgsÞHdl;kar u ç © øÚ Þ
hUrTwksmRsb .l.

t Yn aT Ic Mbg
RbB½n§edaHTwkEdlEfTaM)anl¥ nignaMmknUveCaKC½yéndMeNIrkarpøÚv RtUvEt³

w óg Iéppv-GacedaHTkePøógBépÞpøÚv
-RKb;RKgkMritTwkeRkamdIénRsTab;dIFmμCati    RbLaysgxagpøÚv
-raraMgmineGayTwkhUrcak;eTAelIpøÚv
-edaHTwkkat;pøvedaymanlkçN³smRsb lU>>>øÚ ç R U
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Uncompacted fill is 
also  liable to surface 
erosion or mass

Water runs down 
cut slope and 
across cut half of 
road bench 

Rain falling on fill 
portion permeates 
through the soil 
mass 

karedaHTwkkargarEpñkdI

Half road bench cut 
in original ground 
(more consolidated, 
l bl ) Half road bench

erosion or mass 
slumps Steep cut slope: 

increased risk of 
slope failure 

less permeable) Half road bench 
formed in fill (less 
consolidated and 
more permeable) 

Fill tipped on unbenched slope: 
original surface forms a 
hydrologically active plane and 
may act as a slip plane  Water flows

Potential failures

Problem 
A

sar³ s Mxan ; é nkargarEpñkd I
The Importance of Earthworks

Areas
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kareda H T wk é pÞpøÚv
Carriageway Drainage

TwkRCabclrcnasm½npv kRmalpvnigexSay-TkRCabcUlrcnasm<n§pøÚv kRmalpøÚvngexSay 
TwkePøóg nigTwkeRkamdI.

-dUcenH épÞpøÚvRtUvmanlkçN³xñgGeNþIkedIm,IeGayTwkhUr)anqab;   
tpvRtvxs;CagkMritTwkeRkamdItYpøÚvRtUvx<sCagkrtTkeRkamd

kareda H T wkxageRkA
External Drainage

-TaMgkñgkareRKagbg; nigkñgkarEfrTaMRbB½n§edaHTwk KWsMxan;RtUvKitBI ñú R ø ñú R § R U
lMhUrTwkFmμCati.
-lUEdldak;tamExSTwkFmμCati KYrEtdak;tamTwsedAedIm 
-enAkEnøgEdlRbLaysgxagpøÚvminGacedaHTwkTaMgGs;)an      Ú
mankEnøgbeBa¢osTwkeGay)aneRcIn 

-enAeBlEdlmankarhUrTwkBIRbLaymçagpøÚvEdlx<s;mkxagTab  
CakarRbesIrKYrdak;lUtUc²eGay)anjwk CaCagdak;lUFM²mYy² 
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CMralTTwgpøÚv  n igT Mrg;p øÚv Edlminl¥
manbBaðaGVIx øH ?

RbBn§edaHTkmnl¥naeGayxUcxat
pøÚv

K μanlU?
K μanRbLaysgxagpøv?μ R L øÚ
kargarEpñkdITab?
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RbB½n§edaHTwksgxagpøÚvEdl 
l¥RKb;RKan;

¬ RtUvkarEfrTaMCaRbcaMxøH²¦

esck þ Is egçb
emeronenHKUsbBa¢ak;BIviFIsa®sþTUeTAkñúkareRCIserIs nigeRKagbøg;pøÚvCnbT 
EdlEpkelImxpv brisanEdlpvRtvdMeNIrkar nigtémkgGayEdlEp¥kelmuxpøÚv/ brsßanEdlpøÚvRtUvdeNrkar ngtémøkñúgGayu 
kalpøÚvEdl)anRbemIlTuk.

dMeNIrkareRKagbøg;kRmalpøÚvRtUvEtRtwmRtUvtambTdæanbec©keTskm<úCaEdl 
manRsab; nigEpkelIkarRbml nigviPaKTinn½yEdlsmRsb.manRsab ngEp¥kelkarRbmUl ngvPaKTnñnyEdlsmRsb. 

CeRmIs kRmalpøÚvKYrEtKitbBa©ÚlTaMgtémøsagsg; nigtémøEfrTaM-
rYmKñabegáItCa témøRTBükñúgGayukalpøÚvrYm.
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B iPak S a
etIeRCIserIs RbePTkRmalpøv tamrebobNa?R R R Ú o

etIRtUvkar Bt’manGVIxçH sMrab;karseRmccitþeTAelIRbePTkRmalpøÚv?

etI viPaKTinñn½y TaMgenHtamrebobNa?

etI RbB½n§edaHTwk mansar³sMxan;EbbNa?

s UmGrKuN ¡
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1>Fm μCati nigPaBEdlGacrk)anénsMPar³
2>brisßanTItaMgdIEdlrgkarhUreRcaHedaysarGakasFatu tamtMbn;mYycMnYn

bBaðaKn øwH mYy c Mn Yn

ß U R u Y Y
3>kgVHxatsmÖar³sagsg;enAtamtMbn;mYycMnYn
4>Tinñn½ycracrN_ nigbnÞúkelIG½kSyanynþ
5>rbbénkarsagsg; nigEfrTaM
6>kMBs;TwkeRkamdIx<s; nigTwkCMnn;
7>plb:HBal;énkargarEpñkdIenAtMbn;TYl¼PñM
8>CMralpøÚveLIgcuHenAtamtMbn;tUc²

smÖar³ k ñøgmUld æan

kareRbIR)as;smÖar³sagsg;kRmalpøÚv 
EdlGacrk)ankñúgmUldæan b:uEnþminRtUv 
tambTdæan KWedIrtYsMxanenAkñúg 
TsSn³TanenH.
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Local Materials

Tien Giang

Sand Clay 
(bricks) GravelStone 

Blocks
Crushed 
RockRegion Province

g
Dong Thap
Hue
Da Nang
Gia Lai
Dak Nong
Dak Lak
Hung Yen

C Highlands

Mekong

C Coastal

Ninh Binh
Tuyen Quang
Quang Binh
Ha Tinh

Red River

N Highlands

kareRbIR) as ;EdlRt wmRt Uv
mñak;kan;dgenATIenH
mñak;elIkdMujjÜrrYcTmøak;cuH

·

mμak;eTotkt;RtasMrut m>m
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½ é

kareRbIR) as ;EdlRt wmRt Uv

RtUvRbugRby½tñéd

minnkan;TIenH

kan;TIenH

karK UsT in ñn½y el IRkah ic
20 40 60 80 100 140 160 180120 200 220

100

0

cMnYnTmøak;

200

300

400

500

600

700

*
*

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *erA 
¬ m
m¦

800
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1100

1200

*

*
*
*

*
*
*
*
*
*
*
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kareda H T wkkargarEpñkd I

manbBaaKreGaykt;sMKal;pgEdrTak;TgnwgkarEfrrkSasirPaBkargardI.manbBaðaKYreGayktsKalpgEdrTakTgngkarEfrrkSasßrPaBkargard.
CaBiessenAtMbn;TYl¼PñM EdlkaredaHTwkmin)anl¥bgárplvi)akdl; 
kareFVIdMeNIreBjmYyqñaM Edlb:HBal;dl;shKmn_CnbT.

muxkat ;p øÚv RbePT Boxed-in

muxkat;pøÚvEdlmanlkçN³dUcRbLay (or boxed-in) EdlmanCeBa©Im 
pøÚvx<s;raMgsÞHdl;karhUrTwk KWminKYreRbIeT.

b:uEnþebIcaM)ac;RtUveRKagbøg;muxkat;pøÚvRbePTenH KWRtUvmanRbB½n§edaHTwk 
edayeRbIR)as;RKYstUcFMEdlRCabTwk enABIeRkamcieBa©ImpøÚv 
erogral;5m mYy edaymankMritTabCagRsTab;épÞpøÚv 
nigmanTTWg300mm kMras;es μIRsTab;RKwH
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CMralTTwgpøÚv
sMrab;pøÚvmankRmal CMralTTwgpøÚv4° KWGacTTYlyk)an ehIyépÞpøÚv 
nwgEfrTaM)anl TwknwghrecjBIpvtamcieBaImpvedayesIrl.ngEfrTa)anl¥ TknghUrecjBpøÚvtamceBa©mpøÚvedayesμrl¥.
pøÚvRkalRKYsRtUvkarCMralx<s; 6°
enAeBlEdlRsTab;mUldæaneRbIR)as;smÖar³EdlRCabTwk KWmankarRbug 
Rby½teTAelIRbB½nedaHTwkrbs;RsTab;enH. RsTab;mldanRbytñeTAelRbBn§edaHTkrbsRsTabenH. RsTabmUldæan 
nigRsTab;RKwHRtUvlatsn§wgenABIeRkamcieBa©ImpøÚvrhUtdl;RbLay.

kareda H T wkxageRkA

esckþIENnaMGMBIkaredaHTwkEpñkxageRkA manenAkñúgÉksar³
• TRL Ltd, 1997, Principles of Low Cost Road 

Engineering in Mountainous Regions
• TRL Ltd, 2000, Overseas Road Note 9, A 

Design Manual for Small Bridges. 
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karkarBarkarh UreRc a H
RbLaysgxagpøvdMeNIrkarl¥dUckaeRKagbøg;RbsinebImuxkat;pøvenArkSa)R L Ú ¥ U R R u Ú
anl¥dUcenHKWRtUvEteCosvagkMueGaymankarhUreRcaH.
tamkarGnuvtþn_Cak;Esþg 
sMrab;RbLaysgxagpøÚvEdlEvgEdlmanCMral elIsBI 4-5°
KYreFVIkarBinitüemIlkarhUreRcaH

Ditch Material Maximum Allowable 
velocity(m/s) 

karkarBarkarh UreRc a H

Sand, loam, fine gravel, volcanic ash 0.6* 

Stiff clay 1.1* 

Coarse gravel 1.5 

Conglomerate, hard shale, soft rock. 2.0 

Hard rock 3.0 

Masonry 3.0 

Concrete 3.0 

 


