
KURSUS REKABENTUK 

JAJARAN JALAN DAN 

PERSIMPANGAN

Oleh :

Ir. RAZHIAH WAHAB

UNIT GEOMETRIK

CAWANGAN KEJURUTERAAN JALAN & GEOTEKNIK



PENGENALAN KEPADA 

REKABENTUK JALAN

Oleh :

Ir. RAZHIAH WAHAB

UNIT GEOMETRIK

CAWANGAN KEJURUTERAAN JALAN & GEOTEKNIK



MALAYSIAN ROAD NETWORK
• 204,000 km of roads in Malaysia (2014). 76% are paved.
• 2 categories of road:- Federal and State.

– Federal PWD manages 17,700km (8.68%) of Federal Roads.
– MHA manages 1996 km (0.98%) of Federal Roads

– State manages 184,000km (90.2%) of State Roads.
• 73.4% paved roads
• 26.6% unpaved roads
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MALAYSIAN ROAD NETWORK
JALAN PERSEKUTUAN JALAN NEGERI

 Jalan Persekutuan Utama
 Jalan Persekutuan FELDA/FELCRA (LKTP)
 Jalan Masuk Ke Institusi Persekutuan (FI)
 Jalan Masuk Ke Kawasan Perindustrian
 Jalan Masuk Ke Lembaga Kemajuan Wilayah (LKW)
 Jalan Wilayah Persekutuan yang ditetapkan di 

Wilayah Persekutuan Kuala Lumpur, Labuan dan
Putrajaya (FD)

 Lebuhraya bertol

 Jalan Standard
 Jalan Substandard
 Jalan Kawasan Perumahan
 Jalan Kampung
 Jalan Pertanian
 Jalan Sehala Pulau Pelancongan

4Rajah : Peratusan Jalan Persekutuan Mengikut Negeri

(sumber : Laporan Statistik Jalan Malaysia Edisi 2013, BSFJ, JKR)



MALAYSIA ROAD CLASSIFICATION

• Roads are grouped by 
area, i.e. rural and urban.

• Aside from transportation, 
roads provide 2 sub-
function: mobility and 
accessibility.

• Different category of roads 
affect mobility and 
accessibility differently as 
shown.
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CATEGORY OF ROADS
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CATEGORY OF ROAD
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Why different road categories / classification exist?

• To help clarify policies concerning the highway 
planning decisions

• Ability to develop and apply specific planning 
criteria according to road designation in the 
hierarchy

• To clarify planning objectives for each road 
hierarchy level



CATEGORY OF ROAD

Urban VS Rural
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Urban Areas Rural Areas

Roads within a gazetted municipal limit Any road outside municipality limits 
including road connecting municipalities 
that are more than 5km apart

Townships having a population of at least 10,000 
where buildings and house are gathered and 
business is prevalent.

Low population density

Characterised by busy pedestrian activities and 
frequent  stopping of vehicles owing to short 
intersection spacing and congested built up 
areas.

Low pedestrian activities 

Lower design speeds Higher design speeds

Different cross sectional elements to take into 
account of traffic and adjoining land use.



CATEGORY OF ROADS (URBAN)

• Expressways (Lebuh raya 
Ekspres)

 a divided highway for through 
traffic with full control of 
access and grade-separated 
intersections
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• Arterials (Jalan Utama)

 A continuous road with partial 
access control for through 
traffic within urban areas

 Basically conveys traffic from 
residential areas to central 
business districts or from one 
city part to another without 
penetrating the city center



CATEGORY OF ROADS (URBAN)

 Collectors (Jalan Pengumpul)
 A road with partial access 

control serving as a 
collector/distributor of traffic 
between arterials and local 
road system

 Penetrate and serve 
neighborhoods, commercial 
areas and industrial areas

• Local streets (Jalan tempatan)
 The basic road network 

within a neighborhood 
 Serves primarily to offer 

access to abutting lands
 Links to the collector road, 

serve short trip length

10
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CATEGORY OF ROADS (URBAN)

Typical Road Links in Urban Area



CATEGORY OF ROADS (RURAL)
• Expressways (Lebuh raya Ekspres)

 a divided highway for through traffic with full control of 
access and grade-separated intersections

 Forms the basic framework of National road transportation 
for fast travelling

 Provides the highest level of comfort and travelling speed

 Designed to the highest road standards

 Serves long trips with smooth traffic flow
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• Highway (Jalan Raya Utama)

 Constitutes the interstate national road network for 
intermediate traffic, complements expressway network

 Links directly/indirectly the Federal Capital, State capitals, 
large urban centers, points of entry/exit to the country

 Serves long to intermediate trip length

 Smooth traffic provided with partial access control
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CATEGORY OF ROADS (RURAL)



• Primary roads (Jalan Primer)

– Constitutes the major roads forming the basic road network 
system within a State

– Links State capital to district capital or major towns

– Serves intermediate trip lengths with medium travel speed

– Smooth traffic provided with partial access control
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CATEGORY OF ROADS (RURAL)



• Secondary roads (Jalan Sekunder)
 Constitutes the major roads 

forming the basic road network 
system within a District or 
Regional Development Areas

 Serves intermediate/short trip 
lengths with medium/low travel 
speed

 Smooth traffic provided with 
partial access control
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CATEGORY OF ROADS (RURAL)

 Minor roads (Jalan Kecil)

 Applies to all other roads other 
than described above

 Serves local traffic with short trip 
length with no access control



CATEGORY OF ROADS (RURAL)
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Typical Road Links in Rural Area
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ROAD DESIGN STANDARD
The Importance of Standardisation

18

To provide uniformity in the design of 
roads according to their performance 
requirement

To provide consistent, safe and reliable
road facilities for movement of traffic

To provide guidance for less subjective 
decision on road design



ROAD DESIGN STANDARD

Selection of  Design Standard

19

1

•Assessment of the function of the proposed road & 
area it traverses. Should be done in conjunction with 
HPU data and analysis reports

2
•If overlapping of function – use ultimate function 
as selection criteria

3

•Calculate Projected Average Daily Traffic (ADT) at 
the end of the Design Life & obtain the Design 
Standard (Refer to Guideline, Table 2-3)

4
•Capacity analysis - to determine the required 
number of lanes.



ROAD DESIGN STANDARD
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Area
Projected ADT/
Road Category

All 
Traffic 
Volume

> 10,000 10,000
To

3,000

3,000
To 

1,000

1,000
To

150

< 150

RURAL

Expressway R6 - - - - -

Highway R5 - - - - -

Primary Road - R5 R4 - - -

Secondary Road - - R4 R3 - -

Minor Road - - - - R2 R1

URBAN

Expressway U6 - - - - -

Arterials - U5 U4 - - -

Collector - - U4 U3 - -

Local Street - - - U3 U2 U1
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PROJECT IDENTIFICATION

DESIGNATE ROAD GROUP 
ACCORDING TO NATURE OF 

AREA ROAD TRAVERSES

ESTIMATE ADT AT END OF 
DESIGN LIFE

DETERMINE DESIGN 
STANDARD E.G R6, U3 ETC.

SURVEY, SOIL INVESTIGATION & 
DESIGN

SELECT ROAD 
CATEGORY BASE 

ON FUNCTION E.G. 
PRIMARY ROAD

SELECT ROAD 
CATEGORY BASE 

ON FUNCTION E.G. 
ARTERIAL

Rural

FLOW CHART FOR SELECTION OF DESIGN STANDARDS

ROUTE LOCATION

Urban



ROAD DESIGN STANDARD (URBAN)

22



ROAD DESIGN STANDARD (RURAL)
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ACCESS CONTROL

The condition where the right of owners or 
occupants of abutting lands to access (in 

connection with a road) is fully or partially 
controlled by the public authority.

24



Access Control
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Types Descriptions

Full control of access • Preference given to through traffic 
• Access provided only to selected public roads
• Prohibits at-grade crossings or direct private 

driveway connections

Partial control of access • Preference given to through traffic 
• Access provided to selected public roads 

with some crossings
• At-grade intersections (signalised preferred) 

are allowed but only at selected locations

Non-Control Access • No limitation of access



SELECTION OF ACCESS CONTROL
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Design Standard/ 
Road Category

R6 R5 R4 R3 R2 R1/R1a

Expressway F - - - - -

Highway - P - - - -

Primary Road - P P - - -

Secondary Road - - P P - -

Minor Road - - - - N N

Design Standard/ 
Road Category

U6 U5 U4 U3 U2 U1

Expressway F - - - - -

Arterial - P P - - -

Collector - - P P - -

Local Street - - - N N N



DESIGN CONTROL AND 

CRITERIA
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CONTENT
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Topography and Land Use

Traffic

Design Vehicles Characteristics

Speed

Capacity



• Cross slopes less than 3%
• Long sight distances 
• Straightforward 

construction

• Cross slopes between 3%-
25%

• Natural slopes consistently 
rise or fall below road grade

• Cross slopes more than 25%
• Ground elevation changes 

abruptly requiring benching 
and excavation

29

Topography and Land Use

FLAT

ROLLING

MOUNTAINEOUS



TRAFFIC

• Traffic data serves as loads in road geometric 
design

• Data available in the annual Road Traffic 
Volume report by HPU, KKR

• Traffic data comes in several forms that serves 
different design purposes
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Volume

• Average Daily Traffic 
(ADT)

• Design Hourly 
Volume (DHV)

• Design Hourly 
Volume Ratio (K)

Composition

• Passenger Car Unit 
(PCU)

• Level of Service 
(LOS)

31

TRAFFIC

TRAFFIC



TRAFFIC
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Average Daily Traffic 
(ADT)

• total traffic for a 
year divided by 
365

• used to determine 
annual usage (eg. 
justification for 
proposed 
expenditure, 
design structural 
road elements and 
designate the road 
standard)

• does not indicate 
traffic volume 
fluctuations 
during various 
months, days or 
hours

Design Hourly 
Volume (DHV)

• 30th highest 
hourly volume of 
the year or 30HV

• In unusual/highly 
seasonal traffic 
fluctuation 
(holiday resorts) 
lower HV maybe 
more appropriate

Design Hourly 
Volume Ratio (K)

•Ratio of DHV to the 
designed ADT

•Value ranges from 
7% - 20%

•As a guide K=12% 
for urban, K=15% for 
rural

Traffic Composition

•Percentage of 
various vehicle 
classes in DHV

•Different vehicle 
class have different 
operating 
characteristics 

•Commercial vehicles 
impose greater 
traffic effect 
compared to 
passenger vehicle 
(heavier, slower, 
larger)

•6 vehicle class in the 
National Traffic 
Census: Motorcycles,  
Cars/taxis, Light 
vans/Utility vehicles, 
Medium lorries (2-
axle), Heavy lorries 
(3 or more axle), 
buses

Traffic Projection

•Desirably, a road 
should be designed 
to accommodate 
traffic within its 
design life with 
reasonable 
maintenance

•Normal traffic 
projection = 15 
years after 
completion of road 



DESIGN VEHICLE CHARACTERISTICS

• Physical characteristics of vehicles affects the 
geometric design of roads

• Length, weight, width, wheel base, height, 
turning radius

• Design vehicle used for geometric design – vehicle 
with largest turning radius

• Should also consider future trends in vehicle 
dimensions and characteristics
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DESIGN VEHICLE CHARACTERISTICS
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SPEED
• Primary factor in 

transportation and geometric 
design

• Depends on driver capabilities, 
vehicle, physical road 
characteristic, weather, 
presence of other vehicle and 
legal limits

• Selected to meet the function of 
the road (longer road – higher 
design speed)

• Should also consider future 
trends in vehicle dimensions 
and characteristics

35

Design 
Speed

Terrain

Economic

Environmental

Anticipated 
traffic

Highway 
classification

Locality 



SPEED

Design Speed

• “A speed selected to establish minimum geometric design 
elements for a particular section of highway”

• Directly affects sight distance and vertical and horizontal 
alignment design 

Operating Speed

• “Highest overall speed a driver can travel under favourable
weather and prevailing traffic conditions without exceeding the 
design speed” – AASHTO Green Book 1994

• “the speed at which drivers are observed operating their 
vehicles during free-flow conditions” - AASHTO Green Book 
2001

36



SPEED

Design Sections

• Constant design speed is desirable, not always achievable

• Terrain changes may require different design speed

• Transition sections must be introduced to allow drivers to 
change speed gradually

• 1 km per every 10km/h speed reduction

37



SPEED
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SPEED
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CAPACITY
• Refers the ability of a roadway to accommodate traffic

• Definition: the maximum number of vehicles that can pass over a 
given section of a lane or roadway during a given time period under 
prevailing conditions

• Applicable only to uninterrupted flow or open roadway conditions

• Stated in terms of passenger car units (p.c.u)
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CAPACITY

Capacity under ideal condition

o For 2-lane two way (total) = 2,800 pcu/hr

o For multi-lane (per lane) = 2,000 pcu/hr

o Consists of the following:-

o Design speed > 100km/h

o Lane width > 3.65m

o Clear shoulder > 1.8m

o 50/50 directional split for traffic

o No impediment to traffic (traffic control devices)

o If condition not met, use adjustment factor from the Highway 
Capacity Manual (HCM) 
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CAPACITY

Service Volume

– The maximum volume of traffic a designed road 
would be able to service without the degree of 
congestion falling below a preselected level as 
defined by the level of service which is the 
freedom to maneuver at the design hour volume 

42



LEVEL OF SERVICE (LOS)

• Level Of Services (LOS) are qualitative measures 
that describe traffic conditions in terms of speed, 
travel time, freedom to manoeuvre, comfort, 
convenience, traffic interruption and safety.

• LOS A represents the best condition while LOS F 
represents heavily congested flow with traffic 
demands exceeding highway capacity.

43
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LEVEL OF SERVICE (LOS)
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LEVEL OF SERVICE (LOS)
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LOS A LOS B LOS C

LOS D LOS E LOS F
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RELATIONSHIP OF LOS TO OPERATING SPEED AND VOLUME/CAPACITY RATIO

Aliran terpaksa

Aliran bebas
Aliran stabil

Aliran tak stabil

Aliran menghampiri tak 
stabil

LEVEL OF SERVICE (LOS)



CAPACITY

• Design Level of Service and 
Volume/Capacity Ratio

– Selection of design level of service in Table 3-5A 
and Table 3-5B
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JARAK PENGLIHATAN

• Jarak penglihatan (sight distance) - Jarak berterusan di 
sepanjang jalan yang dapat dilihat dengan jelas oleh
pemandu

• Jarak penglihatan untuk rekabentuk penjajaran mendatar
& pugak perlu disediakan supaya:
– Pemandu dapat berhenti dengan selamat apabila terserempak

dengan suatu halangan yang tidak diduga

– Pemandu dapat melaksanakan kegiatan memotong dengan selamat

– Pemandu berpeluang mengambil tindakan yang sewajarnya di 
persilangan jalan yang sangat kompleks
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JARAK PENGLIHATAN
1. Jarak penglihatan berhenti  
(Stopping Sight Distance, SSD)

• Jarak penglihatan yang 
memuaskan untuk pemandu 
memberhentikan kenderaan 
sebelum melanggar sesuatu 
objek yang muncul secara tiba-
tiba

• Jarak tersebut merangkumi 
jarak yang ditempuh dalam 
jeda masa berikut:
 Jumlah masa tanggapan dan tindak 

balas

 Masa membrek

Table 4.1 Minimum stopping 
distance

Design speed 
(km/hr)

Minimum 
stopping sight
distance (m)

110 250

100 205

90 170

80 140

70 110

60 85

50 65

40 45

50



JARAK PENGLIHATAN

• SSD = 0.28uit +   ___ui
2 – uf

2 ___          (metric units)
254(f ± G)

• where:
– SSD = Stopping sight dist. (ft or m)

– u = initial velocity when brakes are applied (mph or kph)

– f = coefficient of friction

– G = grade (decimal) ~ upgrade (+), downgrade (-)

– t = time to perceive/react (sec)

51



JARAK PENGLIHATAN
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JARAK PENGLIHATAN
2. Jarak penglihatan memotong 
(Passing Sight Distance, PSD)

• Jarak terpendek yang 
diperlukan oleh kenderaan 
untuk keluar dari lorong asal 
seterusnya memecut untuk 
memotong kenderaan di 
hadapannya & kemudian masuk 
semula ke dalam lorong asalnya 
dengan selamat & tidak 
mengganggu kenderaan yang 
dipotong/di hadapan

Table 4.4 Minimum passing sight 
distances (2-Lanes - 2 Way)

Design speed 
(km/hr)

Minimum 
passing sight
distance (m)

110 730

100 670

90 610

80 550

70 490

60 410

50 350

40 290
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JARAK PENGLIHATAN
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JARAK PENGLIHATAN

3. Kriteria untuk mengukur jarak penglihatan:

• Ketinggian mata pemandu
Purata pemandu dalam kenderaan penumpang – 1070mm  di 

atas permukaan jalan

• Ketinggian objek
150mm (6 in) untuk pengukuran jarak penglihatan berhenti

1.30m (4.25 ft) untuk pengukuran jarak penglihatan memotong

Ketinggian diukur dari permukaan jalan
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INTERSECTION SIGHT 

DISTANCE CRITERIA
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INTERSECTION SIGHT 

DISTANCE CRITERIA
1. Approach Sight Distance 

– Driver approaching an intersection need 
to be able to see;

• Pavement in the conflict area,

• Arrangement of traffic islands,

• Lane lines,

• Stop lines and

• other pavement marking in sufficient 
time to take any necessary action

– Similar to SSD, but the significant 
difference is that ASD measured to ZERO 
object height.
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INTERSECTION SIGHT 

DISTANCE CRITERIA
Approach Sight Distance 

58

Intersection Approach Sight Distance is often difficult to achieve 

when the intersecting road occurs on the outside of a curve



INTERSECTION SIGHT 

DISTANCE CRITERIA
2.  Entering or Crossing Sight Distance (ESD)

– Sight distance required for a driver or pedestrian to 
observe a ‘safe gap’ in uncontrolled traffic flow in which 
to enter or cross the roadway.

– Essential at all unsignalised conflict points including 
entry to roundabout and left turn slip roads, etc.

– Also desirable at signalised intersections to ensure they 
can operate safely when the signals broken down.

– ESD is measured from driver eye height (1.15m) to an 
object height 1.15m. (ie to driver eye height), and from 
the specific vehicle positions in the entry or side road.
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INTERSECTION SIGHT 

DISTANCE CRITERIA
3.  Safe Intersection Sight Distance (SISD)

– To ensures the main road drivers (vehicle which have priority) 
will have sufficient sight distance to an entering vehicle and 
enable them to avoid a collision if that side road driver enters 
the intersection with insufficient gap in the priority traffic 
stream.

– This criteria provide sight distance (driver eye height to driver 
eye height) to Stopping Distance for the expected 85th

percentile operating speed plus the distance travelled in 3 
seconds of travel time.

– Measured from the position of the vehicle waiting to enter a 
major road to a vehicle approaching the intersection in the 
major road.
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INTERSECTION SIGHT 

DISTANCE CRITERIA
4.  Sight Distance To Queued Vehicles

– This sight distance is important where vehicles may 
be expected to stop in the path of through traffic (e.g 
at a signalised intersection, or at the entry to a 
roundabout, etc)

– Measured from driver eye height to a ‘tail light’ 
height (usually taken as 0.6m)

61



INTERSECTION SIGHT 

DISTANCE CRITERIA
5.  Sight Lines and Visibility to Traffic Signals and Signs

– These important traffic management items need to be 
visible to approaching drivers sufficiently far ahead to 
enable them to observe, read and act on the 
information provided.

– For traffic signs the visibility distance necessary is 
dependent on the offset of the sign from the traffic lane, 
the number of words and/or symbols on the face sign, 
the height of the lettering and the speed of traffic.

– Apply to intersection generally but additional sight 
distance should be checked at interchanges.
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INTERSECTION SIGHT 

DISTANCE CRITERIA
6.  Sight Distance to Exit Nose and Gore Area at Interchange

– The exit nose and gore areas are key decision points for 
driver on expressway and other freeway type roads.

– Applicable at the exit nose and at least 40m of the ramp 
beyond the nose should be visible to an approaching 
driver at the start of the exit taper.

– Measured from driver eye height to ZERO object height (i.e 
the surface of the road as for ASD)

63



INTERSECTION SIGHT 

DISTANCE CRITERIA
7.  Sight Distance to the Entry and Merge Area

– Drivers entering an expressway, freeway or grade 
separated road along an entry ramp in the vicinity of the 
entry nose need to be able to observe vehicles on the 
nearside lane of the main roadway into which they must 
merge.

– The criteria here is to ensure at least 200m of the near side 
lane of the expressway (or main roadway) is visible to a 
driver on the entry ramp at a point 60m in advance of the 
entry nose.
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ROAD DESIGN PROCESS

SAMBUNG
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SAMBUNG



68

DATA NEEDED

Traffic Data Survey Data
S.I –

Geotechnical 
Design

Pavement 
Evaluation

Utility 
Mapping
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1.0 SIGHT DISTANCE

 Stopping Sight Distance

 Passing Sight Distance

2.0 HORIZONTAL ALIGNMENT

 Superelevation

 Minimum radius

 Type of Curves – Transitional Curves and 
Circular Curves 

 Pavement widening on curves

 Sight distance on horizontal curves

 Overtaking lane

3.0 VERTICAL ALIGNMENT

 Gradient

 Critical Grade Length

 Maximum grades

 Minimum grades

 Climbing lane

4.0 CROSS SECTION ELEMENTS

 Surface type

 Normal cross slope

 Lane widths and marginal strips

 Width of shoulders

 Shoulder cross slope

 Kerbs

 Traffic barriers - Medians

 Pedestrian crossings

 U-Turns

 Bus laybyes

 Minimum reserve width

ELEMENTS OF DESIGN
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