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Traffic calming plays a vivacious role for the sustainability of traffic management 
system. Vertical and horizontal calming devices are used globally to decrease speeds 
at acceptable levels for the execution of laws with ease. Various types of retarders are 
used to calm the speeds such as speed breakers, which are installed for the safety of 
users, can impose detrimental effects on vehicles and environment as well. If installed 
improperly, or the design is ineffective without the use of prior guidelines then they 
become vehicle breakers actually. Current review chiefly discusses some work and 
investigations carried out from 1985 to 2015 for traffic management and impact 
analysis. To cope up with related issues this review also highlights some investigations 
related to impacts on vehicles and environment at a glance, which will help 
governmental agencies and researchers to improve the designs of humps and vehicles, 
which will ultimately lead the system towards proficient use with minimal impacts. 
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1 Introduction 

 
Road accidents and injuries are becoming major fatality accelerators in developing as well as 

developed countries. Consequently, traffic calming is a need of today’s roads. There is a need of 
various solid strategies to make roads for sure safe for users, vehicles and environment. Speed 
retarding measures are to be made in connection with the safety of vehicles and environment. But if 
these designs and structures are implemented without the use of approved guidelines, then they 
could become havoc and pose significant impacts on users, vehicles and environment. Hence, there 
is a need to identify these problems with quick eradication i.e., if designs are improper then they 
should be removed and substituted with new ones having proper dimensions, which will help in the 
reduction of traffic related problems. 

Research conducted in the fields of traffic management, traffic calming, speed humps with their 
associated impacts were reviewed and analyzed thoroughly for this review. These papers, which are 
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mentioned in this review cover a duration of 30 years i.e., from 1985 to 2015. Over speeding, careless 
behavior of driver, underestimation of legislations are some factors which evoke us to move towards 
special revised standards and designs for the safety of everything associated with stakeholders, roads 
and streets. A number of strategies can be implemented for speed reduction and traffic management 
like sign boards, chicanes, speed breakers, driver education, raised intersections, roundabouts and 
traffic circles. Fig. 1 shows various horizontal and vertical measures used for flow retardation, which 
are as follows [1]: 
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Fig. 1. Various traffic calming measures [1] 

 
In this paper, core focus is on speed breakers or speed humps which are used for traffic calming 

and strategy used for the minimization of traffic injuries. Speed breakers if installed with negligence 
and without using prior guidelines can impose serious threats on vehicles. Speed breakers are being 
underestimated in two ways: Firstly, they are being installed improperly without approved design 
usage; secondly they are being installed at inappropriate places repeatedly, where there is no need 
of them. Vehicles considered by previous researchers were all types of rides like cars, trucks, buses, 
tractors, bikes and rickshaws. These undulations on the roads cause excessive Whole-Body Vibration 
(WBV) with vehicle damage [2-4]. Vehicle is deteriorated either by wear and tear of brakes and tyres 
or by damage of internal suspension components with more fuel consumption. 

Environment is also affected either due to emissions or increase in noise levels. If the design is 
improper and there is no space for drainage system then rain water may become stagnant at various 
points, which may cause the germination of bacteria and mosquitoes. These problems in turn affect 
residents and environment with impaired aesthetics. When vehicle bottom comes in contact with 
speed breakers then friction is generated which cause destruction of shoulders and hump itself. 
Therefore, while deceleration and acceleration of vehicle Particulate Matter (PM10), carbon oxides 
(CO2, CO) and nitrogen oxides (NOx) are emitted in excess, which cause breathing problems for locals 
and users [5]. 
 
2. Literature review 

 
Emphasis on various related aspects is made by the help of small segments in literature, where 

each section articulates the wok done for speed breakers in different years. Worthy attempts were 
carried out by various researchers for the identification of major impacts. 

 
2.1 Impacts on vehicles 

 
Vehicle is mainly deteriorated due to bottom damage, wear and tear of brakes and tyres, 

suspension and internal component damage. Figure 2 shows the impacts associated with speed 
humps on vehicle. Network diagram shown in Figure 2 is molded by the help of extensive literature 
review related to impacts on vehicle and guidelines used for design and installation of speed humps. 
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Fig. 2. Potential impacts of speed breakers on vehicle 

 
2.2 State-of-the-art guidelines 

 
A study was carried out to assess the performance of traffic management system by the help of 

various traffic control devices for residential streets [6]. In 1985, a drill was carried out by Bureau of 
Traffic Services, Department of Public Works, Washington, D.C to quantify issues and opinions related 
to road bumps. It was mentioned that most of the traffic officials are against the use of speed bumps 
due to deterrence. It was also forecasted that future is for road humps instead of road bumps for 
smooth flow of traffic without huge impacts. Commonly used approaches like public awareness and 
engineering approaches were discussed [7]. Conclusions supported that speed bumps work as the 
way users use them i.e., if agencies install bumps with inappropriate designs then they will serve as 
evil cause. Authors also recommended that Institution of Transportation Engineers (ITE) and 
American Association of State Highway and Transportation Officials (AASHTO) should not remain 
calm for this aspect [7]. Several investigations revealed that speed humps are efficient enough to 
decrease vehicle speed, while taking care of driver and vehicle safety under specific scenarios [8-11]. 

 
2.3 Speed management and community acceptance 

In 1992, a research was probed for road humps as speed moderators in urban areas on the basis 
of literature review and survey, in which community acceptance was evaluated and influencing 
factors were identified. Survey methodology was used in community for the valuation of speed hump 
experience. Issues identified due to road humps were vehicle control, discomfort, noise and 
vibration. Potential difficulties for emergency vehicles were identified such as discomfort, damage, 
access and delay [12]. 

2.4 Institute of Traffic Engineers and Traffic Calming 

In September 1996, Institute of Traffic Engineers (ITE) Annual Meeting was held in Minneapolis, 
Minnesota to debate traffic calming. The purpose of meeting was to discuss how ITE could contribute 
to traffic calming. According to this traffic calming is essentially related to physical measures that 
reduce adverse effects of motor use and changing driver behaviour with improvisation in conditions 
for non-motorized users [13]. 
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2.5 Designs and speed behaviour 

 
In 1997 an investigation was carried out by University of Leeds to quantify the effect of road 

design on speed behaviour. In this literature efficacy of various speeds reducing measures were 
estimated. The foremost focus of this research was on the factors, which pose impacts on the driver’s 
behaviour indirectly [14]. 

In 2000, geometric standards for speed humps were deliberated in ITE journal, where 
contribution of new designs were evaluated as main agenda for users of different countries, where 
environment, vehicle characteristics and motorist expectations vary. The induced vertical 
acceleration induced is decreased due to shock absorbers in suspension system [15]. It was 
emphasized that length of speed hump should be more because if it will be then there will be more 
linear dynamic effects and length was considered as critical design parameter [16, 17]. In first phase, 
radar gun was used to record speeds. In second phase, off-road experiments were conducted and 
discomfort associated with vibrations were measured, while taking Root Sum of Square (RSS) equal 
to discomfort criteria for each type of vehicle. Results signposted that sample size should be more 
for defining discomfort criteria. Future studies should be for different ramp slopes because Watts 
and Seminole profile humps have same heights and have same ramp slopes [15]. 

In 1992, it was outlined that in developed countries like UK most common traffic calming devices 
were flat-topped tables, humps, raised junctions, cushions and chicanes [18]. In 2000, research was 
published under Transportation Research segment, in which a model was presented for traffic 
calming with an emphasis on the analysis of different combinations of calming measures on the 
speed of unimpeded vehicles. Data regarding driver’s behaviour was collected at pre-determined 
points with traffic calmed points. Regression was used for the estimation of variables in the model. 
It was concluded that greatest impact on speeds is due to speed tables, followed by speed humps, 
chicanes and cushions with a need of in-depth analysis for chicane’s design [19]. 

 
2.6 Passive speed control strategies 

 
According to Research laboratory (UK) Vertical undulations on roads were used for speed 

reduction in 1970s and this became a common  passive method for speed reduction in many 
countries [20]. Researchers have focused on the undulations used for traffic calming and speed 
reduction up to 85th and 50th percentile of speeds [11, 21-25]. In 2001, Italian experience was 
inspected for speed bumps to decrease speed and to limit fatalities in urban areas. It was also 
mentioned that benefits taken by the help of speed humps in terms of decrease in accidents and 
pedestrian safety are more as compared to other costs like car damage. 

A relationship was developed between lane width and speed at both bumped and free sections 
by linear regression analysis. ANOVA was used to evaluate the worth of speed variations. It was 
suggested that speed variation depends upon geometries rather than types of traffic calming devices 
used. Results also deduced that speed bumps provoke no decisive reaction from drivers approaching 
a crosswalk [26]. 

Various researchers have worked in determining the range of speeds in the areas where different 
types of traffic calmers as undulations were employed. Some of the investigations carried out are 
mentioned below in  Table 1 [26]: 
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Table 1 

Range of observed speeds for different calming measures [26] 

Sr. No Investigator Device Range of speed observed (85%) (km/h) 

1 [11] Humps 35.2 – 43.7 
2 [21] Humps 22.4 – 32.6 
3 [27] Humps 30.4 -38.4 
4 [28] Humps 20.8 – 41.6 
5 [29] Humps 18 – 20 
6 [22] Humps 25 
7 [25] Humps 32 – 45.3 
8 [25] Cushions 35.7 
9 [23] Cushions 24.8 – 50.9 

 
To limit fatalities, pedestrian and traffic injuries Italy used speed bumps at a large scale in 1990 

[26]. Road bumps which were used to limit accidents actually became user and vehicle breakers due 
their more heights and impacts. This investigation suggested that bumps should be modified with 
other traffic calming measures and there is a need to move toward speed hump and cushions [26]. 

 
2.7 World Health Organization and fatality rates 

 
World Health Organization (WHO) published a report to estimate the distribution of mortality 

rates among different income groups, which showed that 1170694 people died due to traffic 
accidents in 1998 [30]. A study indicated that economic loss due to road injuries range from 1-2 % of 
Gross Domestic Product (GDP) for all the nations in the world, which was more for high-income 
countries than for less-motorized countries [31]. Studies emphasized that patients occupy 30-70% 
orthopedic beds in hospitals for less-motorized countries [32]. Safety and design standards for cars 
are decided in high-income countries and low-income countries with less expertise are neglected in 
this regard [33]. In 2002, a review highlighted future concerns regarding road safety in less-motorized 
areas. Future directions referred to the priorities that cannot be global with an emphasis on vehicle 
standards, road factors with blackspot and speed control. It was concluded that issues of low-
motorized countries are not experienced by high-income countries. Therefore, transportation 
planning with exposure control and separation of non-motorized traffic will play a vital role in less-
income countries [33]. Acceleration and deceleration cause the spread of particulate matter in air. In 
2014, a review article was published to assess the settlement of air borne particles, airflow 
distributions and their effect on nearby hospitals [34]. 

 
2.8 Vibration Dose Value (VDV) and Seat Effective Amplitude Transmissibility (SEAT) value 

 
The isolation efficiency of seats in vehicles can be calculated by the help of Seat Effective 

Amplitude Transmissibility (SEAT) value [3, 35, 36] and this value is calculated by Vibration Dose Value 
(VDV) [2, 37]. In 2002, a study was carried out to estimate the effect of seating on Whole-Body 
Vibration (WBV) exposure in vehicles in which Seat Effective Amplitude Transmissibility (SEAT) values 
were identified for 14 vehicle types and with total 100 work vehicles. It was concluded that severity 
of WBV exposures can be reduced by improvement in seating dynamics [4]. ISO 10326-1 was used 
for the measurement of seat vibration by conforming equipment [3]. For analysis frequency 
weightings, Root Mean Square (r.m.s) vibration magnitudes, VDV and SEAT values were evaluated 
which directly have link with vehicle deterioration in terms of internal structure and suspension 
damage. Results and findings indicated that 75% vehicles had SEAT values less than 100% with large 
variation in values within vehicle categories [4]. 
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Speed humps, employed for speed reduction are actually road features, preferred over other 
calming devices because of reduction in collisions and speeds [38]. These humps pose significant 
impacts on vehicles and users, so there should be a design factor of user’s health like old people with 
backache [39]. The performance and safety related to speed hump is related to their contingent 
design with appropriate place of installation, in which choice depends on need of traffic management 
system [40]. There are various researchers who have worked for the safety of vehicle and driver’s 
comfort [7, 20, 40, 41] such as circular humps were used worldwide [15, 17, 20, 36, 40, 42], parabolic 
designs were used in United Kingdom [20] and sinusoidal profile was used in Netherlands [43]. 

 
2.9 Optimal designs of speed humps 

 
In 2004, a numerical study was carried out in Kuwait University, for optimal design of speed 

humps by sequential quadratic programming method. Dynamic behaviour of vehicle and driver body 
components was investigated in different road conditions for Watts, flat-topped and polynomial 
humps. The proposed design was for the reduction of excessive shocks experienced by vehicle and 
driver by keeping Comfort Criteria (CC) and Critical Speed (CS) under consideration. It was also found 
that best design among all designs was of polynomial hump due to its profile flexibility. Length of 
hump is proportional to its optimal design. Results showed that hump design showed robustness for 
the safety of suspension system, mass, inertia, seat, cushion and tyre properties [44]. 

Speed humps can be used in one-way or two-way streets [45]. These are not recommended for 
emergency vehicle routes or on lanes leading to hospitals and emergency services [46]. Speed humps 
and tables are used as traffic calming techniques that are used to facilitate bicyclists and improve 
safety as well [47]. In 2007, guidelines were recommended in annual meeting of ITE for design of 
speed humps. It was noted that speed hump installation and design varies between jurisdictions and 
meet resistance from stakeholders. State-of-the-art guidelines were made by the help of extensive 
literature review and that knowledge was supported by online survey to fill the gap supported by a 
framework. Split speed tables are mainly built for emergency routes and transit agencies. It was 
stated that before the construction of humps stakeholders, residents, business owners, property 
owners, emergency services, schools, hospitals, medical centers, transit operators, road maintenance 
workers, snow plow operators and waste collection agencies should be consulted [45]. Results 
indicated that reduction in traffic speeds and volumes were seen after the installation of speed 
humps. A framework was developed by the help of various agencies to follow speed humps and 
tables in their jurisdictions with community involvement [48]. 

Speed humps are effective and efficient way for decreasing the speeds of vehicles in residential 
areas for the reduction of accidents [40]. According to Saadoon, speed bumps are found to be 
ineffective in controlling speed limits at desired values [39]. Cross and Wasters concluded that jarring 
effect of shocks is a main cause of 36% of back injuries for moving equipment operators [49]. In 2007, 
a study was carried out for the evaluation of WBV caused due to Speed Control Humps (SCHs) in 
different ergonomic conditions in which hump geometry was the main factor in altering the shocks 
caused due to these undulations and were evaluated by seat pad accelerometer to identify the health 
hazards. Factors taken were vehicle type, passenger location, speed and hump geometry. Results 
showed that circular humps are more dangerous and two new humps were proposed with improved 
performance. This current study has directed towards the removal of damaged structures and to 
move towards redesigning of new ones [50]. 
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2.10 Safety and Quality-of-Life (QoL) 

 
Traffic calming helps in the improvement of safety and quality-of-life by the reduction of speeds 

and volumes [51]. Several traffic calming techniques have been implemented by the help of minor 
and major modifications in streets for the safety of vehicles and users [52]. Traffic calming measures 
helps in the reduction of fatal injuries and accidents, when implemented may cause problems for 
emergency services, vehicles and higher emissions due to repeated acceleration and deceleration 
[53, 54]. 

[55] concluded that if driving is in low gear with smooth and low speed, then traffic calming 
implementation results in low emissions, which will ultimately work for the betterment of air quality. 
Increase in emissions is caused due to increase in number of stops [56]. In another study, six sigma 
technique was applied for the estimation of safety performance at transport logistics industry [57]. 

 
2.11 Environment and Energy Impacts 

 

In 2009, a field inquiry was carried out for the estimation of environment and energy impacts due 
to traffic calming by Global positioning data and emission models. Computer-based micro simulation 
software was used for the simulation of vehicle trajectories. It was identified that traffic calming has 
a negative impact on vehicle safety and its fuel consumption rate. Results indicated that extra fuel 
consumption may occur due to newly installed humps and stop signs. It was also concluded that by 
the reduction of sharp acceleration areas heavy energy and emission savings can be achieved by the 
help of driver education and awareness [58]. A standard note was published in 2010 for the 
investigation of traffic calming on roads, whose main purpose was the implementation of traffic 
calming measures and enforcement of laws, which are necessary for traffic calming [59]. Proper 
procedures were outlined for the installation and consultation with stakeholders like fire and 
ambulance services [60]. 

 
2.12 Digital Image Processing (DIP) and Speed Breaker 

 
In 2011, a research was carried out in India, in which Digital Image Processing (DIP) technique and 

AVI software tool was used for the ultimatum of speed breaker coming in the way of driver by the 
help of voice and display. The motivation behind this research was the problem of jerk and damage 
to suspension system and chassis of vehicle caused due to excessive speeds. Results concluded that 
if the vehicle is automated then output of Digital Speed Processor (DSP) can be given to automation 
control directly. It was mentioned that DIP proves to be more accurate, precise and effective than 
using a sensor to detect speed breaker [61]. 

Statistics provided by Ministry of Road Transport and Highways, India for  the year 2002 and 2004 
showed 58.8 and 72.7 million vehicles running on Indian roads, with an annual growth rate of 10%  
[62, 63]. In 2012 a research was carried out in YIT Jaipur, India, in which energy loss over speed 
breakers was investigated. It was suggested that this energy can be utilized for useful purposes like 
repairing punctured tube and cleaning tools. Results indicated that efficiency can be improved by 
multiple compressors [64]. 

 
2.13 Timeline of work done regarding impacts on vehicles 

 
Work done by various researchers is highlighted below in Figure 3 by the help of timeline. This 

timeline shows a time span of 30 years i.e., from 1985 to 2015 with a reference of major 21 articles. 



Journal of Advanced Review on Scientific Research 

Volume 28, Issue 1 (2016) 1-17 

8 
 

Penerbit

Akademia Baru

Duration of first 15 years i.e., from 1985 to 2000 shows that less work is done specially in prior span. 
With time cognizance was developed among masses. Due to the severe need of traffic management 
system with traffic calming and to reduce vehicle damage most of the research was carried out in 
later 15 years.  

When a vehicle approaches a speed breaker with a speed greater than limits then risk of accident 
is obvious. Low visibility conditions such as night, rain, snow and fog make speed breakers 
inconspicuous for human eye which may lead to accident causing damage to humans and vehicles. 
This problem is particularly obvious in low-income or developing countries where there speed 
breakers so not accompany warning signs [12, 65]. Traffic calming techniques are of special purpose 
in countries, where warning signs have no value for drivers due to shortage of traffic laws [66]. 
Therefore, these speed breakers are ever-present in many countries like India, China, and Pakistan. 
[67]. In 2014, MS Rashidi and coworkers investigated for assessing the criteria for sustainable 
construction with the implementation of Environmental Management Plan (EMP) [68]. 

 

 

Fig. 3. Timeline of work done for speed breakers 

 
2.14 Warning and Smartphone based technology 

 
Logistics costs are increased, when vehicles cross the speed breakers at speeds higher than 

recommended values by damaging vehicles and goods in transit e.g., apples in bins get bruised due 
to higher vibrations [69]. Bhoraskar proposed a method for the detection of vehicle braking and road 
humps [70]. In 2012, a research was carried out for the use of speed breaker as early warning system 
in which smartphone based technology was used to alert the driver before vehicle approaches a 
speed breaker, with no accelerometer reorientation as strength. Conclusions presented promising 
results which can be improved further by the combination of reports from different smartphones. 
Results indicated that Speed-breaker early Warning System (SWAS) should be optimized to reduce 
overall battery consumption. It was also indicted that detector show good performance when 
smartphone is in car or in an auto-rickshaw but if there is motorcycle or cycle-rickshaw then 
performance was not satisfactory [65]. 

A study was carried out by Transport and Environmental Analysis Group, Imperial College London 
for the estimation of vehicle emissions at 20mph speed. In this study environmental impacts in 
connection with impacts on vehicles were outlined. Emissions from brake and tyre wear were also 
investigated. Analysis of Instantaneous Road Emissions (AIRE) model was used to determine the 
emissions associated with other parameters like fuel type and engine size. It was mentioned that 
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changes in brake and tyre wear are directly connected with demand for power of vehicle. It was 
found that tyre and brake wear are linked to vehicle type due to influence of weight. It was 
recommended that in future more work can be done for tyre and brake wear [5]. 

To analyze complex urban traffic flows smartphone based applications are becoming more 
popular for intelligent driving experiences [71, 72], with increase in driver’s safety [73, 74], better 
driver’s behavior [75, 76] and better transportation network system [77, 78]. In 2014, SenSpeed in 
relation with driving conditions to estimate speeds in urban environments were studied by 
smartphone based sensors and GPS system for the estimation of vehicle speed. SenSpeed actually 
sense natural driving conditions like turns, uneven road surfaces. Results concluded that vehicle 
speed estimation system called SenSpeed is established at three useful references i.e., at making 
turns, vehicle stopping and uneven road surfaces [79]. 

An exploratory analysis was supported for speed control in developing countries by Afukaar [80]. 
In ITE, Schroll elaborated that traffic calming is the combination of concrete measures that reduce 
negative impacts on vehicle, driver’s behaviour and non-motorized users [81]. In 2002, impact of 
temporary humps and speed tables on speed profiles were evaluated for collector streets in USA 
[82]. In 2000, effects of bumps were evaluated with respect to change in speed because speed plays 
a vital role in the maintenance of vehicle and safety of driver. In this study bump was taken as limiting 
factor of speed and sudden force on car due to bump as a upheaval [83]. 

In 2015 a study was carried out in Ilorin to check the effectiveness of speed bumps as speed 
reducers. Questionnaires were used for data collection. Descriptive and statistical data techniques 
were used for the analysis of collected data. Results indicated that road bump, its height and distance 
between speed bumps is directly related with speed reduction. Author has recommended further 
work on improved design of humps as alternative speed control method for the reduction of vehicle 
damage and driver injuries [84]. 

Traffic calming includes physical measures,  optical measures, residential measures and 
environmental measures [85]. Road traffic injuries are responsible for 1.24 million deaths in 2010 
[86]. These injuries cause 47% increase in annual death rates since 1990 [87]. Injuries caused due to 
roads are predicted to be fifth leading cause of deaths worldwide and seventh leading cause of 
disability by 2030 [88-90]. Speeds plays a crucial role in saving one’s life or in injury severity [91, 92] 
e.g., if collision speed is ≥45km/h then there is 50% chance of survival but if speed is ≤30km/h then 
there is 90% chance of survival [92, 93]. Therefore, to reduce these problems speed humps are 
effective [45, 94] with a significant decrease in motor-vehicle collisions [95-97]. 

 
2.15 Speed humps and motor-vehicle collisions 

 
In 2015, a quasi-experimental study was carried out in Toronto, Canada in connection with speed 

humps as reduction in motor-vehicle collision rate. Pre and post analysis was done by Poisson 
regression keeping in view season and roadway characteristics. Stratified analysis was done by the 
help of study between age group and injury severity. Results showed a significant decrease in 
accidents after the installation of speed humps. It was concluded that humps can be installed on 
roads with an intention to decrease child and pedestrian injuries. For future area-wide analysis is 
needed to determine the contribution of humps as injury reducer. Results of pre and post analysis 
showed that after the installation of humps accident rate has been decreased up to remarkable levels 
[98]. On contrary some problems are also caused because of speed humps such as delays for 
emergency vehicles, damage and effect on transit routes with discomfort for occupants [12, 98, 99]. 
Therefore, to reduce these problems other traffic calming services like medians, road narrowing were 
also proposed [100-102]. 
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2.16 Direct/ indirect impacts with reactive measures 

 
Impacts associated with speed breakers on vehicles, whether they are direct or in direct are 

shown below in Figure 4. If these impacts prevail then there is a severe need to change the scenario 
either by new installations or by the removal of unnecessary existing structures. 
 

 

Fig. 4. Criteria to change speed breaker structure w.r.t impacts on vehicles 
 

Figure 4 evidently illustrates that if such impacts prevails with speed breakers and over speeding, 
then there is an urgent need of implementation of laws and installation of new approved designs. 
Those designs will not only improve the safety conditions for vehicle but also will help in the reduction 
of costs in terms of damage and fuel consumption. Table 2 given below highlights some inquiries 
carried out for speed breakers and their associated impacts on vehicles. 
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Table 2 

Literature review for impact analysis on vehicles in different conditions
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3. Conclusion and outlook 

 
This exhaustive literature will be helpful for researchers, analysts and government bodies, who are 

working for the minimization of impacts on vehicles due to speed breakers like bottom deterioration, 
internal damage and increase in fuel consumption. Strategies adopted by various researchers are 
outlined succinctly in this review with appropriate reactive and preventive measures. 

Current review paper covers all the investigations carried out from 1985 to 2015. From these studies 
it is identified that no work has been done for Pakistan in connection of impacts on vehicles related to 
speed breakers so far. Author has also identified that in a single paper only one type of impacts is 
discussed but no study has been done with all the impacts associated, in one research. 

There is an imperative need to study the effects of speed humps on qingqi and its users because it is 
a public transport most commonly used in emerging countries like Pakistan. Till now no work has been 
investigated for comparison between different socio-economic groups, different income groups, 
between developing and developed countries. Hence there is a need of proper designs and legislations 
regarding the structure of speed humps, proper planning is needed for their installation at specific 
places. So that, in return, speed humps could help the human beings, being a life saver instead of vehicle 
and back breaker. These few gaps can be utilized as the basis of research in future. 

 
References 
[1] Panduan, Garis. "Traffic Calming Guidelines." edited by Highway Planning Unit Minustry of Works. Kuala Lumpur, 

Malaysia: Highway Planning Unit, 2002. 
[2] Institution, British Standards. "Measurement and Evaluation of Human Exposure to Whole-Body Mechanical Vibration 

and Repeated Shock, Bs 6841." 15: BSI Group, 1987. 
[3] Standardization, International Organization For. "Mechanical Vibration Laboratory Method for Evaluating Vehicle Seat 

Vibration. Part 1: Basic Requirements. Iso 10326-1 (E)." Geveva, Switzerland: ISO, 1992. 
[4] Paddan, GS, and MJ Griffin. "Effect of Seating on Exposures to Whole-Body Vibration in Vehicles." Journal of Sound and 

Vibration 253, no. 1 (2002): 215-241. 
[5] David Williams, Dr Robin North. "An Evaluation of the Estimated Impacts on Vehicle Emissions of a 20mph Speed 

Restriction in Central London." In Transport and Environmental Analysis Group, edited by George Koudis Aravinth 
Thiyagarajah, Dr Simon Hu, 71. Centre for Transport Studies, London: Imperial College London, 2013. 

[6] Smith Jr, Daniel T, and Donald Appleyard. "State of the Art: Residential Traffic Management." 1980. 
[7] Chadda, Himmat S, and Seward E Cross. "Speed (Road) Bumps: Issues and Opinions." Journal of transportation 

engineering 111, no. 4 (1985): 410-418. 
[8] Committee, California Traffic Control Devices. "Subcommittee Report on Pavement Undulations (Road Bumps)." Final 

Report  (1983). 
[9] Jivatode, GR, and T Burke. "Neighborhood Speed Control Demonstration Project." District of Columbia, Department of 

Transportation, Washington, DC, January 9 (1982). 
[10] Sumner, R, and C Baguley. "Speed Control Humps in Norwich and Haringey." Paper presented at the Australian Road 

Research Board Symposium, 1978. 
[11] Sumner, R., and Baguley, C. "Speed Control Humps on Residential Roads." 1979. 
[12] Zaidel, D, AS Hakkert, and AH Pistiner. "The Use of Road Humps for Moderating Speeds on Urban Streets." Accident 

Analysis & Prevention 24, no. 1 (1992): 45-56. 
[13] Lockwood, Ian M. "Ite Traffic Calming Definition." Institute of Transportation Engineers. ITE Journal 67, no. 7 (1997): 

22. 
[14] Martens, MH, S Compte, and Nico A Kaptein. "The Effects of Road Design on Speed Behaviour: A Literature Review."  

(1997). 
[15] Weber, Philip A, and John P Braaksma. "Towards a North American Geometric Design Standard for Speed Humps." ITE 

journal 70, no. 1 (2000): 30-39. 



Journal of Advanced Review on Scientific Research 

Volume 28, Issue 1 (2016) 1-17 

14 
 

Penerbit

Akademia Baru

[16] Moinat, P. "Étude Et Simulation Du Passage D’un Véhicule Sur Un Dos D’âne: Prédiction De L’inconfort [a Study and 
Simulation of Vehicle Passage on Speed Humps: Prediction of Discomfort]." Master of Engineering Thesis, Université 

de Sherbrooke, Canada  (1991). 
[17] Jarvis, JR. An Investigation of Road Humps for Use on Bus Routes. 1992. 
[18] Hodge, AR. "Review of the 20 Mile/H Speed Zones. 1991." Traffic engineering and control 33, no. 10 (1992): 545-547. 
[19] Barbosa, Heloisa M, Miles R Tight, and Anthony D May. "A Model of Speed Profiles for Traffic Calmed Roads." 

Transportation Research Part A: Policy and Practice 34, no. 2 (2000): 103-123. 
[20] Watts, GR. "Road Humps for the Control of Vehicle Speeds." Verkeerstechnick 24, no. NLR59 R & D Rpt. (1973). 
[21] Mak, King K. A Further Note on Undulation as a Speed Control Device. 1986. 
[22] Vis, AA, A Dijkstra, and M Slop. "Safety Effects of 30 Km/H Zones in the Netherlands." Accident Analysis & Prevention 

24, no. 1 (1992): 75-86. 
[23] Layfield, Roger E, and DI Parry. "Traffic Calming-Speed Cushion Schemes." TRL REPORT 312  (1998). 
[24] Webster, David C. "Traffic Calming: Public Attitude Studies: A Literature Review."  (1998). 
[25] Webster, DC, and Re Layfield. "Traffic Calming-Sinusoidal,H'ands'humps." TRL REPORT 377  (1998). 
[26] Pau, Massimiliano, and Silvano Angius. "Do Speed Bumps Really Decrease Traffic Speed? An Italian Experience." [In 

English]. Accident Analysis & Prevention 33, no. 5 (2001): 585-597. 
[27] Clement, JP. "Speed Humps and the Thousands Oaks Experience, Traffic Engineering Division." City of Thousand Oaks, 

CA, USA  (1982). 
[28] Stephens, Burton W. "Road Humps for the Control of Vehicular Speeds and Traffic Flow." Public Roads 50, no. HS-039 

841 (1986). 
[29] Engel, Ulla, and Lars K Thomsen. "Safety Effects of Speed Reducing Measures in Danish Residential Areas." Accident 

Analysis & Prevention 24, no. 1 (1992): 17-28. 
[30] Peden, MM, E Krug, D Mohan, A Hyder, R Norton, M MacKay, and C Dora. "Five-Year Who Strategy on Road Traffic 

Injury Prevention." World Health Organization, Geneva  (2001). 
[31] Jacobs, Goff, Amy Aeron-Thomas, and Angela Astrop. "Estimating Global Road Fatalities." In TRL report, 40. 

Crowthorne, UK: Transport Research Laboratory, 2000. 
[32] Over, Mead, Randall P Ellis, Joyce H Huber, and Orville Solon. "The Consequences of Adult Ill-Health." Richard 6G. A. 

Feachem Tord Kjelfstroni (Ihiistopler j. L. Murrav Mead Over  (1992): 161. 
[33] Mohan, Dinesh. "Road Safety in Less-Motorized Environments: Future Concerns." International journal of epidemiology 

31, no. 3 (2002): 527-532. 
[34] Wong, KY, H Mohamed Kamar, F Mohd Zawawi, and N Kamsah. "A Review on the Assessment of Airborne Particles 

Settlement and Various Airflow Distributions in Hospital Operating Room."  ( 
[35] Griffin, MJ. "The Evaluation of Vehicle Vibration and Seats." Applied ergonomics 9, no. 1 (1978): 15-21. 
[36] Griffin, Michael J. Handbook of Human Vibration. Academic press, 2012. 
[37] STANDARDIZATION, INTERNATIONAL ORGANIZATION FOR. "Mechanical Vibration and Shock Evaluation of Human 

Exposure to Whole-Body Vibration. Part 1: General Requirements. Iso 2631-1 (E).". Geneva, Switzerland, 1997. 
[38] Clark, DE. "All-Way Stops Versus Speed Humps: Which Is More Effective at Slowing Traffic Speeds?". Institute of 

Transportation Engineers  (2000). 
[39] Saadoon, A. "On the Specifications of the Speed Hump Design, Special Report, Kuwait Ministry of Interior." 

Transportation Department  (1998). 
[40] Bahar, Geni B. "Guidelines for the Design and Application of Speed Humps, Washington, Dc, Institute of Transportation 

Engineers." Traffic Engineering Council  (2007). 

[41] 前森健一, and 坂本勝男. "Optimum Design of Speed Control Humps for Vehicles." 日本機械学会論文集 C 編 54, no. 
502 (1988): 1217-1222. 

[42] Fwa, TF, and CY Liaw. "Rational Approach for Geometric Design of Speed-Control Road Humps." Transportation 

Research Record, no. 1356 (1992). 
[43] Netherlands. "The Netherlands Speed Humps ". Netherlands: Center for Research and Contract Standardization in Civil 

and Traffic Engineering, 1997. 
[44] Khorshid, Emad, and Mohammed Alfares. "A Numerical Study on the Optimal Geometric Design of Speed Control 

Humps." Engineering Optimization 36, no. 1 (2004): 77-100. 
[45] (TAC), Transportation Association of Canada. "Canadian Guide to Neighbourhood Traffic Calming." edited by TAC. 

Ottawa, ON, Canada: TAC, 1998. 



Journal of Advanced Review on Scientific Research 

Volume 28, Issue 1 (2016) 1-17 

15 
 

Penerbit

Akademia Baru

[46] Elizabeth Ernish, Paul Harrison, Janice Yuvan. "Streets for People; Traffic Calming in Your Neighbourhood." In A primer 

for people who want  quieter, safer, friendlier neighbourhood streets, 31. Neighborhood Streets Network, 1998. 
[47] Zegeer, CV. "Design and Safety of Pedestrian Facilities, a Recommended Practice." Traffic Engineering Council 

Committee TENC-5A-5. Washington, DC, USA: ITE  (1998). 
[48] Parkhill, Margaret, Rudolph Sooklall, and Geni Bahar. "Updated Guidelines for the Design and Application of Speed 

Humps." Paper presented at the ITE 2007 Annual Meeting and Exhibit. Pittsburgh PA, 2007. 
[49] Cross, Jean, and Megan Walters. "Vibration and Jarring as a Cause of Back Injury in the Nsw Coal Mining Industry." 

Safety science 17, no. 4 (1994): 269-274. 
[50] Khorshid, E, F Alkalby, and H Kamal. "Measurement of Whole-Body Vibration Exposure from Speed Control Humps." 

Journal of Sound and Vibration 304, no. 3 (2007): 640-659. 
[51] Ahn, Kyoungho, Hesham Rakha, Antonio Trani, and Michel Van Aerde. "Estimating Vehicle Fuel Consumption and 

Emissions Based on Instantaneous Speed and Acceleration Levels." Journal of transportation engineering 128, no. 2 
(2002): 182-190. 

[52] Hummel, Ton, Archie Mackie, and Pat Wells. "Traffic Calming Measures in Built-up Areas." TRL Report Number TR 80, 
no. 2002 (2002): 15779. 

[53] Webster, DC. "Effect of Traffic Calming Schemes on Vehicle Emissions." Transport Research Laboratory, Crowthorne  
(1993). 

[54] Webster, David C, and Archie M Mackie. "Review of Traffic Calming Schemes in 20 Mph Zones." TRL REPORT 215  
(1996). 

[55] Pharoah, T. "Traffic Calming: Progress and Potential." Paper presented at the PTRC Summer Annual Meeting, 19th, 
1991, University of Sussex, United Kingdom, 1991. 

[56] Litman, Todd. Traffic Calming: Benefits, Costs and Equity Impacts. Victoria Transport Policy Institute Victoria, BC,, 
Canada, 1999. 

[57] Z. A. Kadir, R. Mohammad and N. Othman. "Six Sigma Approach in Safety Performance at Transport Logistics Industry." 
[In English]. Journal of Advanced Research Design 13 (2015): 25 – 35. 

[58] Ahn, Kyoungho, and Hesham Rakha. "A Field Evaluation Case Study of the Environmental and Energy Impacts of Traffic 
Calming." Transportation Research Part D: Transport and Environment 14, no. 6 (2009): 411-424. 

[59] Butcher, Louise. "Roads: Traffic Calming ", 8. United Kingdom: House of Commons, 2010. 
[60] Transport, Department for. "Fire and Ambulance Services Traffic Calming: A Code of Practice " In Traffic Advisory Leaflet 

TAL 1/07, edited by Traffic Advisory. United kingdom: Traffic Advisory, 2007. 
[61] K.Anusha, K.Sirisha. "Breaking the Speed Breakers Using Image Processing." Research Article, Nova College of 

Engineering & Technology for Women, 2011. 
[62] Jalihal, Santhosh A, KAYITHA Ravinder, and TS Reddy. "Traffic Characteristics of India." Paper presented at the 

Proceedings of the Eastern Asia society for transportation studies, 2005. 
[63] Singh, Sanjay K. "Review of Urban Transportation in India." Journal of Public Transportation 8, no. 1 (2005): 5. 
[64] Sharma, Ashok Kumar, Omkar Trivedi, Umesh Amberiya, and Vikas Sharma. "Development of Speed Breaker Device 

for Generation of Compressed Air on Highways in Remote Areas." International Journal of Recent Research and Review 

1 (2012): 11-15. 
[65] Jain, Mohit, Ajeet Pal Singh, Soshant Bali, and Sanjit Kaul. "Speed-Breaker Early Warning System." Paper presented at 

the NSDR’12, 6th USENIX Conference, 2012. 
[66] Afukaar, Francis K. "Speed Control in Developing Countries: Issues, Challenges and Opportunities in Reducing Road 

Traffic Injuries." Injury control and safety promotion 10, no. 1-2 (2003): 77-81. 
[67] Sayer, IA, CJ Baguley, and AJ Downing. "Low-Cost Engineering Measures in Egypt, Ghana and Pakistan." Planning And 

Transport Research And Computation 352 (1991). 
[68] Rashidi, MN, RA Begum, M Mokhtar, and JJ Pereira. "Criteria Towards Achieving Sustainable Construction through 

Implementation of Environmental Management Plan (Emp)." Advanced Review on Scientific Research 1, no. 1 (2014): 
43-64. 

[69] Van Zeebroeck, Michael, Geert Lombaert, Edward Dintwa, Herman Ramon, Geert Degrande, and Engelbert Tijskens. 
"The Simulation of the Impact Damage to Fruit During the Passage of a Truck over a Speed Bump by Means of the 
Discrete Element Method." Biosystems engineering 101, no. 1 (2008): 58-68. 

[70] Bhoraskar, Ravi, Nagamanoj Vankadhara, Bhaskaran Raman, and Purushottam Kulkarni. "Wolverine: Traffic and Road 
Condition Estimation Using Smartphone Sensors." Paper presented at the Communication Systems and Networks 
(COMSNETS), 2012 Fourth International Conference on, 2012. 



Journal of Advanced Review on Scientific Research 

Volume 28, Issue 1 (2016) 1-17 

16 
 

Penerbit

Akademia Baru

[71] Levinson, Jesse, and Sebastian Thrun. "Robust Vehicle Localization in Urban Environments Using Probabilistic Maps." 
Paper presented at the Robotics and Automation (ICRA), 2010 IEEE International Conference on, 2010. 

[72] Chausse, Frederic, Jean Laneurit, and Roland Chapuis. "Vehicle Localization on a Digital Map Using Particles Filtering." 
Paper presented at the Intelligent Vehicles Symposium, 2005. Proceedings. IEEE, 2005. 

[73] Wang, Yan, Jie Yang, Hongbo Liu, Yingying Chen, Marco Gruteser, and Richard P Martin. "Sensing Vehicle Dynamics for 
Determining Driver Phone Use." Paper presented at the Proceeding of the 11th annual international conference on 
Mobile systems, applications, and services, 2013. 

[74] White, Jules, Chris Thompson, Hamilton Turner, Brian Dougherty, and Douglas C Schmidt. "Wreckwatch: Automatic 
Traffic Accident Detection and Notification with Smartphones." Mobile Networks and Applications 16, no. 3 (2011): 
285-303. 

[75] Paefgen, Johannes, Flavius Kehr, Yudan Zhai, and Florian Michahelles. "Driving Behavior Analysis with Smartphones: 
Insights from a Controlled Field Study." Paper presented at the Proceedings of the 11th International Conference on 
mobile and ubiquitous multimedia, 2012. 

[76] Johnson, Derick, and Mohan M Trivedi. "Driving Style Recognition Using a Smartphone as a Sensor Platform." Paper 
presented at the Intelligent Transportation Systems (ITSC), 2011 14th International IEEE Conference on, 2011. 

[77] Mohan, Prashanth, Venkata N Padmanabhan, and Ramachandran Ramjee. "Nericell: Rich Monitoring of Road and 
Traffic Conditions Using Mobile Smartphones." Paper presented at the Proceedings of the 6th ACM conference on 
Embedded network sensor systems, 2008. 

[78] Schoepflin, Todd N, and Daniel J Dailey. "Dynamic Camera Calibration of Roadside Traffic Management Cameras for 
Vehicle Speed Estimation." Intelligent Transportation Systems, IEEE Transactions on 4, no. 2 (2003): 90-98. 

[79] Han, Haofu, Jiadi Yu, Hongzi Zhu, Yingying Chen, Jie Yang, Yanmin Zhu, Guangtao Xue, and Minglu Li. "Senspeed: 
Sensing Driving Conditions to Estimate Vehicle Speed in Urban Environments." Paper presented at the INFOCOM, 2014 
Proceedings IEEE, 2014. 

[80] Afukaar, F. K. "The Characteristics of Pedestrian Accident in Changing B1." edited by CSIR. Building and Road Research 
Institute (BRRI): BRRI, 2001. 

[81] Schroll, JD. "The Traffic Safety Toolbox: A Primer on Traffic Safety." Washington, DC  (1999). 
[82] Hallmark, Shauna, K Knapp, G Thomas, and D Smith. "Temporary Speed Hump Impact Evaluation." 2002. 
[83] B. Beckman, J. Kuch. "The Physical of Racing: Bumps in the Road." In,  (2000): 6. 

http://www.mata.net/sport/physical/15-bumps-in-TheRoad.html. 
[84] Kayode, A Adeoti. "Effectiveness of Road Bumps in Relation to Speed Reduction among Vehicle Drivers Ilorin 

Metropolis."  (2015). 
[85] Bunn, F, T Collier, C Frost, K Ker, R Steinbach, I Roberts, and R Wentz. "Area-Wide Traffic Calming for Preventing Traffic 

Related Injuries (Review)."  (2009). 
[86] Dr Margaret Chan, Margie Peden. "Global Status Report on Road Safety 2013: Supporting a Decade of Action.", edited 

by Tami Toroyan. Switzerland: WHO, 2013. 
[87] Lozano, Rafael, Mohsen Naghavi, Kyle Foreman, Stephen Lim, Kenji Shibuya, Victor Aboyans, Jerry Abraham, et al. 

"Global and Regional Mortality from 235 Causes of Death for 20 Age Groups in 1990 and 2010: A Systematic Analysis 
for the Global Burden of Disease Study 2010." The Lancet 380, no. 9859 (2013): 2095-2128. 

[88] Organization, World Health. "Overview Fact Sheet: Children and Road Traffic Injury." Geneva, Switzerland: UN, 2015. 
[89] WH Organization. "World Health Statistics." Geveva, Switzerland: WHO, 2008. 
[90] Mathers, Colin D, and Dejan Loncar. "Updated Projections of Global Mortality and Burden of Disease, 2002-2030: Data 

Sources, Methods and Results." Geneva: World Health Organization  (2005). 
[91] (OECD), Organisation for Economic Co-operation and Development. "Speed Management." France: OECD, 2006. 
[92] Peden, Scurfield, Sleet, Mohan, Hyder, A. A, Jarawan, Mathers. "World Report on Road Traffic Injury Prevention." In 

Road Safety is No Accident, edited by World Health Organization (WHO), 238. America: WHO, 2004. 
[93] Pasanen, E. "Driving Speeds and Pedestrian Safety." Publication of: Helsinki University, Finland  (1990). 
[94] Smith Jr, DT, and Donald Appleyard. "Improving the Residential Street Environment--Final Report." 1980. 
[95] Jones, Sarah J, Ronan Anthony Lyons, A John, and SR Palmer. "Traffic Calming Policy Can Reduce Inequalities in Child 

Pedestrian Injuries: Database Study." Injury Prevention 11, no. 3 (2005): 152-156. 
[96] Tester, June M, George W Rutherford, Zachary Wald, and Mary W Rutherford. "A Matched Case-Control Study 

Evaluating the Effectiveness of Speed Humps in Reducing Child Pedestrian Injuries." American journal of public health 

94, no. 4 (2004): 646-650. 



Journal of Advanced Review on Scientific Research 

Volume 28, Issue 1 (2016) 1-17 

17 
 

Penerbit

Akademia Baru

[97] Zein, Sany, Erica Geddes, Suzanne Hemsing, and Mavis Johnson. "Safety Benefits of Traffic Calming." Transportation 

Research Record: Journal of the Transportation Research Board, no. 1578 (1997): 3-10. 
[98] Rothman, Linda, Alison Macpherson, Ron Buliung, Colin Macarthur, Teresa To, Kristian Larsen, and Andrew Howard. 

"Installation of Speed Humps and Pedestrian-Motor Vehicle Collisions in Toronto, Canada: A Quasi-Experimental 
Study." BMC public health 15, no. 1 (2015): 774. 

[99] Services, Transportation. "City of Toronto: Traffic Calming Policy." edited by Transportation Services Division, 18. 
Toronto, Canada: Transportation Infrastructure Management, 2010. 

[100] Skene, Michael. "" Traffic Calming" on Arterial Roadways?" Paper presented at the Transportation Frontiers for the 
Next Millennium: 69th Annual Meeting of the Institute of Transportation Engineers, 1999. 

[101] Macbeth, Andrew G. "Calming Arterials in Toronto." Paper presented at the 68th Annual Meeting of the Institute of 
Transportation Engineers, 1998. 

[102] Du, Jianhe, JN Ivan, PE Garder, and Lisa Aultman-Hall. "Public Perceptions of Traffic Calming Device Installation,”." 
Paper presented at the Institute of Transportation Engineers Annual Meeting and Exhibition, 2003. 

[103] Agriculture, Ministry of Municipalities &. "Guidelines for the Design of Off-Street Car Parking Facilities." 51. Kingdom 
of Bahrain: Urban Planning Affairs, 2015. 

 


