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Abstract— Road humps are designed to control the speed of vehicles through the discomfort that drivers experience when crossing
over them. Although the use of various types of road humps in low-speed environments is common, its effectiveness has yet to be seen.
This paper evaluated the effectiveness of different types of road humps in reducing the speed of vehicles at a university campus. Field
observations were carried out to determine geometric designs of five round-top and five flat-top road humps. All recorded design
characteristics of road humps were compared with the standard specifications by various authorities. Only road humps that met any
one or more of the standard specifications were considered for speed data collection. Speed data were observed at two selected points
during off-peak weekdays and in daylight conditions. A comparison of the observed design characteristics of the road humps with the
standard specifications by the authorities showed that most of the humps did not meet any design standard except one round-top road
hump and two flat-top road humps. However, only one round-top and one flat-top road humps were considered for further analysis.
The average speed of vehicles approaching the road humps was found to be higher than the average speed observed on road humps,
with a reduction of 46% and 52% for round-top and flat-top road humps, respectively. The results of statistical analysis also showed
that both types of road humps were effective in reducing the speed of vehicles. Thus, it can be concluded that road humps,
irrespective of their type, have an impact on vehicle speed.
Keywords— speed; road hump; traffic calming measures; campus area.

community areas. However, when the traffic volume
increased, the most persistent problems faced by residents
were speeding [2], [3], and traffic. Though the local and the
residential areas face lesser traffic crashes, they still
consume the highest energy and time of a traffic engineer.
Speed humps are raised in pavement areas across a
roadway. Various types of road humps are either
prefabricated or built on-site, and different designs are often
used. Geometric and layout designs must be taken into
consideration in order to effectively control the vehicle
speed [4]-[8]. The geometric design of speed humps deals
with the shape and size of individual road humps. The speed
hump design is defined after considering its base length,
crown height and the shape of the surface profile [9]. The
typical shapes of speed humps are parabolic, flat-top, roundtop, or sinusoidal, as illustrated in Fig. 1 [10]. Meanwhile,
the layout design of speed humps refers to the determination
of the hump spacing and the number of humps to be installed
in a section of a road.
In general, the dimensions of speed humps are 7.62-10.16
cm (3-4 inches) high and 3.66-6.71 m (12-22 feet) long. The

I. INTRODUCTION
Traffic calming is an initiative that uses physical designs
and other measures to increase the safety level [1] on the
local roads. The measures are intended to make it more
difficult for a vehicle to speed or to make the driver feel
some discomfort when driving over them at high speeds.
They can be implemented whenever the authority that has
jurisdiction over the roads or streets believes that they are
necessary and appropriate for the situation. Out of the
various traffic calming approaches, the road humps are
generally implemented in several countries for decreasing
the severity and the frequency of the crashes, and for
improving the local environment.
Although the speed humps are not considered as official
devices for controlling traffic, they are generally used as a
geometric pavement design element. The primary design for
the speed humps, then known as “traffic control bumps,”
was invented in 1953. Until the 1970s, there were no
significant issues related to the traffic problems in the
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that in addition to the discomfort experienced by their
passengers, the maintenance costs for their buses also
increased [21]. In a survey study carried out in San Leandro,
California, 43% of the 60 residents that lived at 46 m from
the speed humps stated that the noise levels had increased.
Even though the road humps indirectly had increasingly
adverse effects on certain people, these effects were still
minor compared to the benefits gained from their installation
[22].
This study was aimed at evaluating the effectiveness of
road humps in reducing the speed of vehicles in campus
areas. Based on the hypothesis, road humps, irrespective of
their type, significantly decrease the speed. The remainder of
this paper has been divided into three sections. The next
section describes the framework of the impact study and data
collection, while Section 3 analyses the collected data and
the findings of this study. Section 4 presents the conclusions
that were drawn from this study.

Transport and Road Research Laboratory (TRRL) originally
developed the speed humps in Great Britain. Earlier studies
carried out on the application of the speed humps for
controlling the vehicular speed observed that the verticallyrising road pavements were effective and passive devices for
calming the traffic, and were used in several Western
European and North American countries, during the 1970s
[11]. Extensive research on the parabolic road humps
revealed that their ideal dimensions were- a length of 3.66 m
(12 feet) and a height of 7.62-10.16 cm (3-4 inches). The
Australian Road Research Board developed a different speed
hump design as compared to the original TRRL design. This
design was called the "flat-topped" hump, and its dimensions
were-a length of 6.71 m (22 feet) and a height of 7.62-10.16
cm (3-4 inches). In this alternative design, the flat-top region
was constructed using brick paving and contained the
concrete or asphalt ramps. This was a very aesthetically
pleasing design and it also decreased the pavement
deformation issues related to the asphalt humps.

II. MATERIAL AND METHOD
For evaluating the efficacy of the road humps in
decreasing vehicular speed, the authors conducted a study on
the single-carriageway road sections having flat, straight and
right road surfaces within the Universiti Teknologi Malaysia
(UTM) campus. UTM is one of the oldest public engineering
and technological Malaysian Universities and contains 2
campuses. The main campus has an area of 1,222 hectares
and is in the southern region of the Malaysian peninsula, in
Skudai, Johor. The second City Campus is 18 hectares and is
in Jalan Semarak, Kuala Lumpur. However, for this study,
the selected location was at the main campus of UTM, as
shown in Fig. 2.

Parabolic
Flat-top
Sinusoidal
Round-top

Fig. 1 Common speed hump shapes [10]

Generally, the speed humps are self-imposing, and are
referred to as "sleeping police officers." Some studies have
shown that road humps are effective in reducing the speed of
vehicles traveling through an area, especially at the devices.
In typical situations, drivers approaching a speed hump tend
to reduce their speed to avoid a bumpy ride, thereby
decreasing the chances of speed-related collisions that might
otherwise occur and then accelerate after crossing a hump
[12]. Previous studies have shown that the mean speed was
reduced from between 6-13 km/h before and after the
installation of various types of speed humps at different
locations [13]-[15]. On the other hand, comparisons of
vehicle speeds before and after the installation of speed
humps at the 85th percentile speed showed a reduction of
between 23% and 28% [16].
In a study carried out in Omaha, Nebraska, out of a
sample size of 147 respondents, 82% were in favor of speed
humps, stating that they were effective. However, the
remaining 18% of the respondents opposed the installation
of humps, the reasons being that speeding was still prevalent,
the noise level on the streets had increased [17]-[19], fewer
parking spaces were available on the streets, and some
drivers tended to escape the humps by infringing on the
adjacent landscape [20]. Meanwhile, another study in
Oxfordshire, England, found that 59% out of 826
respondents were satisfied with the introduction of speed
humps, while 35% were dissatisfied. Among those who were
dissatisfied were the owners of bus companies, who stated

Fig. 2 Universiti Teknologi Malaysia (Main Campus)

The data on the geometric designs of the selected types of
road humps and the traffic were collected during daylight
and in good weather conditions. The types of road humps
that were considered in this study were round-top and flattop road humps, which had good shapes and were in good
condition. As shown in Fig. 3, 10 sites were selected, 4 of
which were located at Lingkaran Ilmu, 3 around Kolej Tun
Razak, 1 at Jalan Cengal, 1 at Jalan Stadium, and 1 at
Lengkok Universiti. Out of all the selected sites, 5 sites had
flat-top road humps, and the rest had round-top road humps.
For the round-top road humps, the important design
characteristics included the width and height of the humps,
as illustrated in Fig. 4(a), while for the flat-top road humps,
the four main design characteristics, as shown in Fig. 4(b),
were the height, slope, base width and top width. In order to
present the normal behavior of a driver, the traffic data,
mainly the vehicle speed [23] and type of vehicle, were
observed when they traversed the observation point during
off-peak hours on weekdays from Monday to Wednesday,
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S= 2NP(1-P) / 2(N – 1) + 2P(1-P)

since the working days in Johor are between Sunday and
Thursday. During off-peak hours, there is more likely to be
free traffic flow and, consequently, fewer interactions
between vehicles [24].

Note:

Round-top road hump

Where, S was the required sample size, 2 was the chisquare value obtained from the Table below for a 1-degree
of freedom for the required confidence level (3.841), N
indicates the population size, while P was the population
proportion (it was presumed as 0.50, as this value provided
the maximal sample size). Furthermore, d indicates a degree
of accuracy which is expressed as the proportion (0.05).
Taking into consideration the fact that the main campus of
the UTM in Johor, comprised of >20,000 students, the
minimal sample size for every site was 377.
In this study, all the recorded design characteristics of
road humps were compared with the standard specifications
by various authorities like SIRIM [26], Majlis Bandaraya
Johor Bahru (MBJB) [27], the Highway Planning Unit (HPU)
[28], and Majlis Perbandaran Seberang Perai (MPSP) [29],
as presented in Tables I and II. This comparison was
important to determine which standard specifications were
used for the installation of the road humps on the main
campus of UTM due to variation in existing hump
dimensions [17]. Only road humps that met any one or more
of the standard specifications were considered for the speed
data collection.

Flat-top road hump

Fig. 3 Selected sites with round-top and flat-top road humps

(a)

TABLE I
STANDARD SPECIFICATIONS FOR ROUND TOP HUMP

Round-top road hump

Height (H) mm
75 - 100

Width (W) mm
3700 – 4250

MBJB [27]

100

3700 – 5400

HPU [28]
MPSP [29]

50 - 100
100 - 150

3700 – 4000
3000

SIRIM [26]

(b)

(1)

Flat-top road hump
TABLE II
STANDARD SPECIFICATIONS FOR FLAT TOP HUMP

Fig. 4 Dimensions of road humps

Height
mm

Based on the study objectives, Fig. 5 describes the setup
of the various study sites that were used for collecting the
traffic data. One cone was placed 50 m before the
approaching road hump, and the second cone was placed
adjacent to the road hump. The arrow in this
figure shows the moving direction of the vehicle. During the
traffic data collection, the observer had to be inconspicuous
and the equipment had to be concealed from the driver. By
using a radar gun, and a cone as a reference point, the speed
of the vehicles could be measured when they traversed the
cone.

Width mm

Slope

(H)

W

W1

W2

SIRIM [26]

75 - 100

3700 4250

-

-

-

MBJB [27]

100

-

1500

HPU [28]

75 - 100

-

4000

6000 10000
2500

MPSP [29]

80 - 150

3000

-

-

1 :8 –
1 :15
1 :8 –
1 :15

Then, any recorded data representing vehicles that started
or stopped within the selected section, vehicles whose
behavior was affected by pedestrians, cyclists or animals,
and vehicles in conflict with opposing vehicles were
removed to ensure that all the data were valid. The recorded
speed data were analyzed to observe the speed distribution
and to determine the 85th percentile speed which was
considered as the driver’s choice of speed before and on the
road hump. The average speed was also calculated at two
selected points (when approaching and when on the road
humps) at each site. Lastly, the effectiveness of the road
humps in reducing speed was determined based on statistical
analysis.

Fig. 5 Layout of study site for traffic data collection

The minimum number of speed data needed for this study
was estimated by the Krejcie and Morgan’s formula [25]
shown in Equation 1 below:
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TABLE IV
COMPARISON OF DESIGN CHARACTERISTICS FOR FLAT TOP ROAD HUMPS

III. RESULTS AND DISCUSSION
A. Road Hump Design Characteristics
Tables III and IV show the summary of the comparison
between the observed design characteristics of the road
humps and the standard specifications for round-top and flattop road humps. Based on the results, it was found that most
of the road humps at the sites on the main campus of UTM
do not follow any design standard. According to the
Malaysian Ministry of Road Works [30], if road humps are
not constructed following the guidelines and do not have a
standard design, the place will have the same devices but
with different dimensions. However, there are still some
sites that have installed road humps according to the
standard specifications provided by the authorities. For the
round-top road humps, it was found that H1 met the criteria
given in all the standard specifications, except for those by
the MPSP. However, under the category of flat-top road
humps, H6 and H10 were found to follow the standard
specifications provided by SIRIM. However, in this study,
only H1 and H6, as shown in Fig. 6, were further studied to
determine the effectiveness of different types of road humps
in reducing speed.

SIRIM [26]
Site

Height (H)
mm

Width (W)
mm

H6

√

√

H7

L

√

H8

√

L

H9

L

L

H10

√

√
MBJB [27]

Site

TABLE III
COMPARISON OF DESIGN CHARACTERISTICS FOR ROUND TOP ROAD HUMPS

H1
H2
H3
H4
H5

Height (H)
mm
√
√
L
√
√

Width (W)
mm
√
S
S
S
S

Height
(H)
mm

Width
(W1)

LS

√

S

S

H7

√

L

S

S

H8

√

S

√

S

H9

√

L

L

S

H10

√

S

S

S

HPU [28]
Site

Width

Height (H)
mm

(W1)

H1
H2
H3
H4
H5

Height (H)
mm
√
√
L
√
√

Width (W)
mm
√
S
S
S
S

H6

√

S

S

H7

L

S

S

H8

√

S

L

HPU [28]

H9

L

S

L

Site
H1
H2
H3
H4
H5

Height (H)
mm
√
√
L
√
√

Width (W)
mm
√
S
S
S
S

H10

√

S

S

(W2)
mm

MBJB [27]
Site

(W2)
mm

H6

SIRIM [26]
Site

Slope

MPSP [29]
Site

Slope

H6

LS

√

S

H7

√

√

S

H8

√

S

S

H9

√

√

S

H10

√

S

S

Height
(H)
mm

Width (W2)
mm

MPSP [29]
Site
H1
H2
H3
H4
H5

Height (H)
mm
√
√
√
√
√

Width (W)
mm
L
L
L
L
L

Note: / = Follows the standard; S = Shorter than standard; L = Longer than
standard; and LS = Less steep.

Note: √ = Follows the standard; S = Shorter than standard; and L = Longer
than standard.
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(a)

Site H1
Fig. 8 Speed distribution before approaching flat-top road hump at H6

(b)

As illustrated in Fig. 9 and Fig. 10, the curves for both
types of road humps demonstrated that the speed
distributions had normal-like curves. The results for the
round-top road hump at H1, indicated that the 85th percentile
speed of the vehicle approaching the road hump was around
45 km/h, while for the flat-top road hump, it was 47 km/h.
Thus, it was clear that most of the car drivers at UTM drove
at more than the posted speed limit without the influence of
the road hump. However, the vehicle speed tended to reduce
to approximately 27 km/h and 25 km/h for the round-top and
flat-top road humps, respectively when measured at the 85th
percentile. These results indicated that many of the drivers
reduced the speed of their vehicles below the posted speed
limit that was considered as being safe for pedestrians in the
campus area.

Site H6

Fig. 6 Selected humps for traffic survey

B. Driver’s Choice of Speed Before and on Road Hump
Fig. 7 and Fig. 8 present the speed distribution 50 m on
approaching the round-top road hump at H1, and the flat-top
road hump at H6, respectively. Among the 378 vehicles that
were sampled for each site, it was found that 22.2% of the
vehicles were being driven below the posted speed limit of
35 km/h at site H1, and this was slightly higher than the
percentage shown for the flat-top road hump at H6. On the
other hand, it was found that around 36.0% of the vehicles
were being driven between 35 and 39 km/h at both sites. It
could also be seen from these figures that 1-3% of the
vehicles were captured being driven at more than 50 km/h at
50m before the road hump. This was dangerous for the
surrounding environment because there is a high number of
pedestrians in the campus area, especially at H1, where there
is a school for children aged between 7 and 12 years.

Fig. 9 Cumulative speed distribution for round-top road hump at H1

Fig. 7 Speed distribution before approaching round-top road hump at H1

Fig. 10 Cumulative speed distribution for flat-top road hump at H6
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C. Effectiveness of Road Humps in Reducing Speed
Table V presents the descriptive statistics of the speeds at
two selected sites, H1 and H6. The mean speed on
approaching both types of road humps was found to be
higher than on the road humps. The finding showed that the
average speed before approaching the road humps was more
than the posted speed limit and that due to the presence of
the road humps, the average speed was reduced to below the
posted speed limit. Based on the analysis, the reduction in
mean speed for the round-top road hump was around 46%,
while for the flat-top road hump, it was around 52%. The
standard deviation for the speed on approaching the road
hump was around 5 km/h, while for the speed on the road
hump, the standard deviation was approximately 3 km/h.

hypothesis that road humps, irrespective of their type, can
reduce vehicle speed significantly, is valid.
ACKNOWLEDGMENT
The authors would like to express their deep gratitude to
the Ministry of Higher Education, Malaysia and Universiti
Teknologi Malaysia for providing the financial grant (Ref:
FRGS/1/2016/TK08/UTM/02/2,
Cost
Centre
No.:
R.J130000.7822.4F867) and opportunity to carry out this
research.
REFERENCES
[1]

TABLE V
DESCRIPTIVE STATISTICS OF SPEED DATA

[2]

(a)
Location
Before hump
On hump

Location

Round-top road hump at H1
Std. Deviation
Sample Size
Mean Speed
(km/h)
(veh)
(km/h)

[3]

378
378

38.7
5.3
21.5
4.0
(b)
Flat-top road hump at H6
Std. Deviation
Sample Size
Mean Speed
(km/h)
(veh)
(km/h)

Before hump

378

42.0

5.4

On hump

378

20.6

3.4

[4]

[5]

[6]

[7]

A t-test was performed to assess the statistical
significance of the difference in the mean speeds between
the two selected points (approaching and on the road hump).
The results of the t-test at a confidence level of 95% for the
round-top road hump at H1 and the flat-top road hump at H6,
as shown in Table VI, suggested that the difference in the
mean speeds for both types of road humps was statistically
significant. Therefore, the findings clearly showed that welldesigned road humps are effective at reducing speeds on
local roads at the main campus area of UTM.

[8]

[9]

[10]

[11]
TABLE VI
T-TEST FOR MEAN SPEED REDUCTION DUE TO ROAD HUMP

Site

Reduction in Mean
Speed (km/h)

t-value

p-value

H1

17.2

50.447

0.000

H6

21.4

65.137

0.000

[12]

[13]

[14]

IV. CONCLUSION
Based on a synthesis of the empirical evidence from the
road hump impact study carried out single-carriageway
roads at the main campus of UTM in Skudai town, Malaysia,
it can be concluded that most of the humps installed at the
main campus of UTM do not meet any design standards.
However, road humps that are properly installed can
effectively reduce vehicle speed by 46% for round-top road
humps and by 52% for flat-top road humps. Finally, the

[15]

[16]
[17]

819

L. Chen, C. Chen, R. Ewing, C. E. McKnight, R. Srinivasan, and M.
Roe, “Safety countermeasures and crash reduction in New York
City-Experience and lessons learned,” Accid. Anal. Prev., vol. 50, pp.
312− 322, 2013.
D. D. Dinh, and H. Kubota, “Profile-speed data-based models to
estimate operating speeds for urban residential streets within a 30
km/h speed limit,” IATSS Research, vol. 36, pp. 115-122, 2013.
M. T. Islam, K. El-Basyouny, and S. E. Ibrahim, “The impact of
lowered residential speed limits on vehicle speed behavior,” Safety
Science, vol. 62, pp. 483-494, 2014.
B. D. Daniel, “The influence of width of road humps on operating
speed,” Paper presented at the Talent Management Symposium 2012,
Australia.
B.Antic, D. Pesic, M. Vujanic, and K. Lipovac, “The influence of
speed bumps heights to the decrease of the vehicle speed- Belgrade
Experience,” Safety Science, vol. 57, pp. 303-313, 2013.
N. A. Yaacob, and A. A. K. Hamsa, “The effect of road hump in
reducing speed of motorcars in a residential area in Kuala Lumpur,”
Journal of Design and Built Environment, vol. 13, pp. 1-13, 2013.
N. I. Zainuddin, M. A. Adnan, and J. Md Diah, “Optimization of
speed hump geometric design: Case study on residential streets in
Malaysia,” ASCE Journal of Transportation Engineering, vol. 140
(3), 2014.
K. S. Bachok, A. A. Kadar Hamsa, M. Z. Mohamed and M. Ibrahim,
“Theoretical overview of road hump effects on traffic speed in
residential environments. Planning Malaysia”, Journal of the
Malaysian Institute of Planners, Special issue IV, pp. 343–352, 2016.
L. Johnson and A. J. Nedzesky, “A comparative study of speed
humps, speed slots and speed cushions”, ITE Annual Meeting and
Exhibit, 14, 2004.
R. Farzana and T. Azuma, “Comparative Study of Design and
Planning Process of Traffic Calming Devices.” In Proceedings of the
Eastern Asia Society for Transportation Studies, Vol. 5, pp. 13221336, 2005.
G. R. Watts. “Road humps for the control of vehicle speed,” TRRL
Laboratory Report 597, Transport and Road Research Laboratory,
UK, 1973.
C. Parsuvanathan, “Use of Portable Speed Humps Near Schools for
an Obstruction Free Traffic Flow during Holidays,” Civil and
Environmental Research ISSN 2224-5790 (Paper) ISSN 2225-0514
(Online) Vol.8, No.1, 2016.
S. Hallmark, K. Knapp, G. Thomas, and D. Smith, “Temporary
Speed Hump Impact Evaluation,” Iowa Department of
Transportation and Centre for Transportation Research and
Education, Iowa State University, Ames (2002).
S. L. Hallmark, N. R. Hawkins, E. Fitzsimmons, D. J. Plazak, T. M.
Welch, and E. Petersen, “Use of Physical Devices for Traffic
Calming Along Major Roads Through Small Rural Communities in
Iowa”. In Transportation Research Record: Journal of the
Transportation Research Board, No. 2078, Transportation Research
Board of the National Academies, Washington, D.C., pp. 100–107,
2008.
W. C. Zech, D. Walker, R. E. Turochy, A. Shoemaker, and J. N.
Hool, “Effectiveness of Speed Tables as a Traffic Calming Measure
on a College Campus Street”. Presented at 88th Annual Meeting of
Transportation Research Board, Washington D.C., 2009.
Traffic Calming Manual, City of Sarasota, Florida, September, 2003.
K. S. R. Bachok, A. A. Kadar Hamsa , M. Z. Mohamed , M. Ibrahim,
“A theoretical overview of road hump effects on traffic noise in
improving residential well-being,” Transportation Research
Procedia, vol. 25, pp. 3383–3397, 2017.

[18]

[19]

[20]

[21]

[22]

[23]

[24]

N. S. Rosli, and A. A. Kadar Hamsa, “Evaluating the effects of road
hump on traffic volume and noise level at Taman Keramat residential
area, Kuala Lumpur,” in Proceedings of the Eastern Asia Society for
Transportation Studies, vol. 9, pp. 209, 2013.
C. M. Kalansriya, A. S. Pannila, and D. U. J. Sonnadara, “Traffic
composition and variability of road traffic noise levels in the vicinity
of Colombo, Sri Lanka,” Journal of National Science Foundation Sri
Lanka, vol. 43 (2), pp. 135-140, 2015.
M. N. Gorman, M. Moussavi, and P. T. McCoy, “Evaluation of a
speed hump program in the city of Omaha,” ITE Journal, vol. 59(6),
pp. 28 – 32, 1989.
D. Evans, “Traffic calming: the first five years and the Oxfordshire
experience,” in Proceedings, Institution of civil engineers: Municipal
engineer, vol. 103, pp. 9– 5, 1994.
R. E. Davis and G. Lum, “Growing pains or growing calmer?
Lessons learned from a pilot traffic calming program,” In
Harmonizing Transportation and Community Goals-The Challenge
for Today's Transportation Professional. ITE International
Conference, 1998, March.
H. M. Alhassan, and J. B. Edigbe, “Effect of Rain on Probability
Distributions Fitted to Vehicle Time Headways,” International
Journal on Advanced Science, Engineering and Information
Technology, vol. 2(2), pp. 31-37, 2012.

[25]

[26]

[27]

[28]
[29]

[30]

820

H. M. Alhassan, and J. B. Edigbe, “Effect of Rainfall on Traffic
Stream Characteristics during Peak and Non-Peak Periods,”
International Journal on Advanced Science, Engineering and
Information Technology, vol. 2(2), pp. 49-54, 2012.
R. V. Krejcie, and D. W. Morgan, “Determining sample size for
research activities,” Educational & Psychological Measurement, vol.
30, pp. 607-610, 1970.
SIRIM, Standardisation and Intellectual Property, 2009. [Online].
Available:
http://www.sirim.my/document/S&Q%20News/s&q32009.pdf
Majlis Bandaraya Johor Bahru (MBJB), Dasar Pembinaan Bonggol
Jalan
(Hump),
2015.
[Online].
Available:
http://www.youblisher.com/p/615861-Dasar-Pembinaan-BonggolJalan/
Highway Planning Unit (HPU). Traffic Calming Guidelines. Kuala
Lumpur: Ministry of Works, 2002.
Majlis Perbandaran Seberang Perai (MPSP), Garis Panduan
Pembinaan Bonggol Jalan (Hump), 2015. [Online]. Available:
http://www.mpsp.gov.my/brgonline/garispanduan/kej/bonggol.pdf
Malaysian Ministry of Road Works, “Kaedah Memperlahankan
Halaju Kenderaan: Bonggol Jalan,” Paper presented at the Seminar
Fasiliti Keselamatan Jalan, Kuala Lumpur, 2012.

