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In order for a rollover to occur, the conditions explained hereafter 
must be satisfied. The first condition would be the rotation of the 
vehicle around the axis with the outside wheel as the pivot point. 
This situation is considered a worst-case scenario when a bus 
collides with a failed guardrail causing the bus to rollover. The bus 
tipped on its side given that the lateral sliding moment is larger 
than the turning moment:

	 M = mg  w  μ > mg  w  - hFL		 	 	 	

(Equation 10)

and the kinetic energy of the bus is greater than the potential 
energy resulted from CG displacement in height that makes it 
unstable:

	 Ekin > mg∆h	 	 	 	 	 	
	

(Equation 11)

In the figure and equations,

	 m is the total mass of the bus,

Figure 5.2	 Free body diagram (FBD) of a bus’ 
turning moment
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Figure 5.3	 FBD of bus’ turning moment in a 
collision with a rigid barrier

	 μ is drag factor of the road,
	 g is the gravitational constant,
	 w is the extended track width, and
	 h is the height of CG from pivot point.

Based on the analysis, high-deck buses in Malaysia would 
most likely to rollover when they are travelling at 90 km/h with 
an impact angle of 15°. The speed of 90 and 120 km/h were 
considered in the analysis since 90 km/h is the speed limit for 
buses on expressways while the latter is the maximum speed at 
which a bus can realistically travel. Impact angles of 15° and 25° 
considered were based on the minimum and maximum impact 
angles recommended in the NCHRP 350 test. In addition, the 
range of CG height between 1.05 m to 1.40 m is used to represent 
Malaysian buses.

For another worst-case scenario in which a bus collides with a 
concrete barrier, similar conditions as described by Matolcsy 
(2007) still apply. However, this time, the pivot point is shifted 
from the outside wheel to top of the barrier (900 mm high STEP 
barrier) as illustrated in Figure 5.3.
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The analysis shows that high-deck buses will most probably 
survive a collision with a rigid barrier without rolling over if the 
vehicle is travelling at 90 km/h at a maximum impact angle of 8°. 
Similarly, at 120 km/h the bus is most likely to not go into a rollover 
even at an impact angle of 6° during a collision. Additionally, the 
critical CG height that will not result in a rollover was found to be 
1.56 m. From this analysis, it is proven that a rigid barrier works 
better than a semi-rigid barrier in preventing a high-deck bus 
rollover.

5.2.2	 Rollover at a Curved Road

Table 5.3 was taken from A Guide on Geometric Design of Roads 
by the Malaysian PWD. It lists the standard minimum radius of 
a curve to be used for the designated speed and maximum 
super elevation rates in Malaysian urban roads. In this table, the 
minimum radius of a curve is calculated based on a predetermined 
designated speed at a road stretch. 

Table 5.3	 Minimum radius of a curve

Design speed
(km/h)

Minimum radius (m)

e = 0.06                  e =  0.10

120 710 570

100 465 375

80 280 230

60 150 125

50 100 85

40 60 50

30 35 30

20 15 15

Apart from that, the critical speed of a curve can also be 
determined based on how sharp the curve is, how much bank is 
in the roadway, and the coefficient of friction of the road surface. 
A vehicle cornering at a speed exceeding this critical speed will 
begin to spin around its centre of mass and leave the roadway. 
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Subsequently, the vehicle will lose control, which can further lead 
to a rollover. This can happen to any driver regardless of a person’s 
driving skills or years of experience.

A vehicle with higher CG such as a high-deck bus is more 
vulnerable to rollover, even at a speed well below the critical 
speed of a curve. As a high-deck bus is manoeuvring a curve, the 
weight of the vehicle together with its occupant will shift to the 
outside front tyre due to the centrifugal force. A rollover will occur 
if the bus is travelling at a high speed because the CG of the bus 
shifts as well.

5.2.3	 Design of Vehicle

Current design standards for buses in Malaysia require 
modern engineering techniques to ensure the integrity of the 
construction in order to meet the new regulation. At the same 
time, the Malaysian bus industry had taken a step forward in bus 
construction with new design of high-deck buses. Most of the 
designs follow the Australian Design Rules (ADR). Essentially, the 
design of the vehicle differs especially in terms of dimension, 
weight and interior configuration. Additional factors can also 
influence the dynamics of the vehicle.

In order to ensure the safety of high-deck buses during 
travelling, special safety aspect should be considered such as a 
counterweight. The purpose of the counterweight is to stabilise 
the vehicle when travelling. There are several methods used as 
counterweights in bus constructions such as ballast tanks and 
steel weights. The ballast tank is commonly placed at the rear 
side of the vehicle and it is filled with water or other type of 
liquids. Adding a ballast tank also helps a vehicle lower its CG. It 
also prevents the increment of centrifugal force associated with 
curved roads. One of the setbacks when using the ballast tank is 
when the water level is reduced from its initial position. This can 
cause increment of the CG and high tendency for a rollover to 
occur. The steel weight is the method that is usually used in the 
construction of a bus frame. Four pieces of steel, each weighing 
1000 kg (4000 kg in total) is welded on the structure to lower 
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the CG. Bus manufacturers should also consider improving the 
vehicle structural integrity. The structure must be rollover-proof 
to prevent injuries and fatalities of passengers during accidents 
especially in a rollover. Hence, a combination of improvements 
in rollover strength, seat and seat anchorage strength should be 
implemented in all types of buses in Malaysia.

6.0	 Conclusion

This preliminary literature study was initiated with two main 
objectives. The first objective of the study was to carry out 
analyses of rollovers in high-deck bus collisions with crash 
barriers through calculations based on formulas derived from 
a few relevant literatures. From the analyses, the location of CG 
and speed highly affect the stability of a high-deck bus during 
a rollover, especially at curved roads. The second objective was 
to assess existing literatures for any type of traffic safety barriers 
currently available worldwide that is more suitable for high-deck 
buses to be adopted for use along highways or roads in Malaysia. 
Based on the study, it is concluded that rigid barriers perform 
better than semi-rigid barriers in preventing rollover of high-
deck buses during collisions with traffic barriers. Finally, since 
the data obtained from the literature research is not extensive 
to carry out a thorough study regarding the cost and benefits of 
barrier selection and installation, data related to statistics of road 
accidents involving high-deck bus (from RMP) is required with 
the RSD’s assistance.
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7.0	 Recommendations

7.1	 Bus Construction

It is time for regulations aiming towards improving local bus 
construction to be implemented in Malaysia. Based on a study 
carried out on rollover of heavy commercial vehicles by the 
University of Michigan Transport Research Institute (2000), and 
other literature reviews, MIROS’ recommendations for high-deck 
buses or coaches are as follows.

1.	 Vehicle construction and testing
Construction of high-deck buses must consider all the safety 
requirements and must comply with the standard regulation. 
Stability of the vehicle must be a crucial part of vehicle 
construction which plays a part in influencing the tendency 
of a vehicle to rollover. Every aspect shall be considered such 
as:

i.	 Location of CG
The higher the CG, the more unstable the vehicle is. The CG 
calculation should be compulsory and properly performed 
by a certified engineer.

ii.	 Selection of bus chassis 
The track width, suspension and tyre can influence vehicle 
stability while manoeuvring and cornering.  Also, selection 
of the chassis is crucial in determining the maximum mass 
(allowable mass) of a bus.

iii.	 Dimension and design of the bus frame/body 
The dimension of the vehicle shall comply with the 
regulations. The location of passenger seats for a high-
deck bus must be done properly to ensure equal weight 
distribution. Furthermore, the vehicle should be designed 
accordingly to suit the road geometric design. The 
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maximum allowable dimension of vehicle under the 
current Malaysian legislation is 2.5 metre wide, 4.57 metre 
high and 12 metre long.

2.	 Speed management
Speed can affect the stability and controllability of high-deck 
buses during manoeuvring, cornering and braking. Speeding 
at corners can impart high centrifugal force to a vehicle 
especially to heavier and higher vehicles. This can cause the 
driver to lose control of the vehicle and increase the tendency 
to go into a rollover. Driver training is a significant means of 
changing the drivers’ and fleet management’s attitude, as it 
is also aimed at improving the efficiency of their operations 
and developing driving skills to provide a safer service for 
public transportation users.

3.	 Enforcement
MIROS recommends that bus developers should be audited 
by a government body to ensure that they adhere to all the 
regulations. The inspection should cover the whole process; 
from the initial documentation until the finished product. 
In order to make sure that the vehicle is safe to be used, it 
must be tested and certified by a government body. The test 
procedure is explained in the Malaysia Road Transport Rules.

7.2	 Traffic Safety Barrier Consideration

In order to select suitable safety barriers, consideration should 
be given to the cost of maintenance as compared to the cost 
resulting from an accident. The collision maintenance should 
play an important role in the selection of barrier systems since 
the majority of maintenance costs are normally due to collision 
repairs. Therefore, it is not advisable to install safety barriers 
along the roads. Once the installation of barriers is justified, a 
specific barrier type must be selected considering the barrier’s 
capabilities, deflection characteristics including risk to occupants, 
site condition, compatibility, life cycle costs, maintenance, 
aesthetic and environmental considerations as well as field 
experience, as recommended in the REAM’s guidelines. Besides, 
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the selected barriers must be, structurally speaking, able to 
contain and redirect the vehicle (bus) as well as preventing it 
from undergoing a rollover during a collision. 

Several studies carried out by international road safety institutions 
had clearly revealed that traffic safety barriers should only be 
installed to reduce accident severity at known spots which have 
a history of accidents caused by vehicle loss of control. Hence, 
based on the findings through literature review and analysis, it 
is recommended for rigid barriers to be installed at areas which 
are known to have a history of bus-rollover accidents. In this 
case, concrete barriers such as STEP and vertical wall which 
can withstand a crash energy of TL-4 and up to TL-6 should be 
considered for installation especially on hazardous curves where 
a high-risk of bus-rollover crashes are identified. The selections 
are based on the unique energy management characteristics 
of both barriers (STEP and concrete vertical wall) in preventing 
vehicle rollover and lifting.
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