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Abstract — In India the same road space gets used by cars 

buses, rickshaws, motorcycles, bicycles, and animal and 

men driven pushcarts. Each year, thousands of pedestrians 

are hit by motor vehicles. Lower extremity injury is the 

majority of the injury that takes place among all other body 

damages. Pedestrian accident readings have shown that the 

most common causes of serious injuries were impacts of the 

legs with the bumper. Among all leg damages knee injury is 

most crucial and costly.This paper summarizes the research 

literature referred relative to the road safety issues in India 

and injuries caused to a pedestrian. 
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I.  INTRODUCTION 

Road Traffic Injuries (RTI) is the common public health 

issues where society still accepts death and disability on a 

large scale among young people. 

India is experiencing a new phenomenon in road traffic 

forms and crashes for which there is little preference in the 

Highly Motorized Countries (HMC). Here the same road 

space gets used by cars, buses, rickshaws, motorcycles, 

bicycles, and animal and human driven pushcarts.  

Each year, thousands of pedestrians and cyclists are struck 

by motor vehicles. Pedestrians, bicyclists and motorcycle 

riders, constitute 60-80 per cent of all traffic injuries in 

India. 

Since the mid-90s there has been a significant concern 

towards minimizing pedestrian injury during an impact with 

a passenger car. Standards have been adopted in Japan,the 

European Union and in the United Nations to promote the 

design of softer car fronts. 

Crash rating for pedestrian protection has also been strongly 

promoted notably by the European New Car Assessment 

Programme (Euro NCAP). With implementation of Global 

technical regulations (GTR) significant reduction in the 

levels of injury sustained by pedestrians is expected. 

Numerous amount of efforts are put to make vehicles safer 

for people inside it and outside it as well. 

II. LITERATURE REVIEW 

This section summarizes the research literature referred 

relative to the injuries to a pedestrian lower extremity. 

A. S. Sundar: 

In this report he discussed on the road safety and traffic 

management scenario in India. 

Road Safety is a multi-sectorial and multi-dimensional 

issue. It combines the development and management of road 

infrastructure, provision of safer vehicles, legislation and 

law enforcement, mobility planning, provision of health and 

hospital services, child safety, urban land use planning etc.  

The World Report on Road Traffic Injury Prevention of the 

World Bank and World Health Organization (WHO) in the 

year 2004 stated that road traffic injuries are a major but 

neglected global public health problem requiring 

concentrated efforts for effective and sustainable prevention.  

The report forecasts that without any increased effort and 

new initiatives, the total number of road traffic injuries and 

deaths worldwide would rise by 65% between 2000-2020, 

whereas in low-income and middle income countries, deaths 

are expected to increase by as much as 80%. Thus, there is 

an urgent need to recognize the worsening road safety 

situation in order to take appropriate action. 

According to WHO statistics (2002) about 11.8 lakh people 

die every year in the world in road, of which 84,674 deaths 

are reported to take place in India. In 2004 the number of 

deaths had increased to 92,618. The death rate in India is 8.7 

per hundred thousand population as compared to 5.6 in UK, 

5.4 in Sweden, 5.0 in the Netherlands and 6.7 in Japan.  

Current Scenario of Road Safety: The magnitude of road 

traffic accidents, fatalities and injuries in India as per 

Government data is quantified in Table 1. 

Year All roads 

 Accidents Persons killed Persons injured 

2001 405637 80888 405216 

2002 407497 84674 408711 

2003 406726 85998 435122 

2004 429910 92618 464521 

Table 1: Road Accident Statistics 

 The reported number of deaths, serious and minor 

injuries for the years 2005 and predicted for 2015 are 

provided in Table 2. 

Year No. of 

Deaths 

No. of Serious 

Injuries 

No. of Minor 

Injuries 

2005 110300 2206000 7721000 

2015 154600 3092000 10822000 

Table 2: Estimated road accident statistics. 

 International Review of Road Safety Practices: The 

international review of road safety practices in some select 

countries carried out is summarized below. 

USA: National Highway Traffic Safety Administration 

(NHTSA) is the central body in the United States having the 

authority and resources to address the problem of road 

safety. It has the following key functions: 

 Reducing deaths, injuries and economic losses 

resulting from motor vehicle crashes – done by 

setting and enforcing standards for safety 

performance by motor vehicles and vehicle 

equipment, and via grants to state and local 

governments to enable them to conduct effective 

local highway safety programs. 

 Investigating safety defects in motor vehicles, 

helping state and local communities reduce threat 
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of drunken drivers, promoting the use of safety 

belts, child safety seats and air-bags, investigating 

odometer fraud, establishing and enforcing vehicle 

anti-theft regulations, providing consumer 

information on motor vehicle safety topics and 

setting and enforcing fuel economy standards. 

 Conducting research on driver behaviour and 

traffic safety and developing efficient and effective 

means of bringing about safety improvements. 

 Establishing a reliable database to define the 

problem and measure progress through annual 

performance yardsticks. 

Sweden: Sweden has been a front runner in the drive for a 

safe road traffic system. In October 1997, the Road Traffic 

Safety Bill founded on Vision Zero was passed by a large 

majority in the Swedish parliament. The Vision Zero is that 

“eventually no one will be killed or seriously injured within 

the road transport system” (Ministry of Transport and 

Communications, Sweden, 1997). Sweden is moving 

towards a zero tolerance policy and is committed as the first 

step to reduce mortality by 50% of the 1996 statistics by the 

year 2007. 

National Road Safety Policy: What emerged from a review 

of international best practices was that most countries had a 

stated policy to reduce road accidents, injuries and fatalities, 

and had set themselves targets. India has not yet formulated 

a National Road Safety Policy. 

Actions for road safety: What government can do? 

 Make road safety a political priority. 

 Institutional development. 

 Appoint a lead agency for road safety, give it 

adequate resources, and make it publicly 

accountable. 

 Develop a multidisciplinary approach to road 

safety. 

 Set appropriate road safety targets and establish 

national road safety plans to achieve them. 

 Support the creation of safety advocacy groups. 

 Create budgets for road safety and increase 

investment in demonstrably effective road safety 

activities. 

B. D. Mohan: 

This paper discusses the detailed description about traffic 

injuries and fatalities in India. According to official statistics 

80,118 persons were killed and 342,200 injured in road 

traffic crashes in India in the year 2000. However, this is an 

underestimate, as not all injuries are reported to the police. 

The actual numbers are likely to have been in the region of 

1,200,000 persons with injuries requiring hospital treatment 

and 5,600,000 persons sustaining minor injuries. The 

situation in India is worsening and Road Traffic Injuries 

(RTI) has been increasing over the past twenty years. 

Non-motorized transport (NMT) constitutes a significant 

share of the total traffic in Indian cities and almost all of 

them experience a relatively high proportion of bicycle 

traffic. The share of NMT at peak hour varies from 30-70% 

depending on the city and the road. 

Estimate of injuries and fatalities: 

A study done in Bangalore shows that while the number of 

traffic crash deaths recorded by the police is reasonably 

reliable, the total number of injuries is grossly 

underestimated. According to this study, deaths were 

underestimated by 5% and the number injured who needed 

treatment in hospitals by more than a factor of two.  

 
Fig. 1.Proportion of different types of road users killed in 

Delhi, Mumbai, national highways in India and in highly 

motorized countries (* Average for 14 locations, MTW – 

motorized two wheelers). 

Cost of Road Traffic Crashes: 

The estimated costs of RTI in the 1982 RUCS study was an 

underestimate by a large factor and cannot be taken as 

representative of the actual situation on the ground. The 

latest study conducted by Tata Consultancy Services gives a 

higher estimate of RTI costs (0.69 per cent of GDP of India) 

as it is a more thorough investigation. 

Injury severity Estimated number Estimated cost 

1995 Rupees 

Fatalities 71948 38,527,362,572 

Serious/major* 1079220 188,698,379,340 

Minor 5036360 94,960,567,800 

 Total 322,186,309,712 

Per cent of GDP 3.2 per cent 

Table 3: Revised estimate of the cost of road traffic injuries 

in India adjusting for undercount of deaths and injuries and 

life expectancy. 

*Note: Cost of serious injuries is taken as the average of the 

average of serious and major issues  

 The major statistical error, however, is the 

underestimate of injuries and vehicle damage in this latest 

study. The cost of injuries alone according to this estimate is 

approximately Rupees 322,000 million (Rs.32 thousand 

crores) against a total estimate of Rupees 69,502 million by 

the TCS report. This revised estimate indicates the road 

accident costs to 3.2 per cent of the GDP of India in 1995.  

If we take the increase in cost of living between 1995 and 

2000 as 45 per cent, and an increase in fatalities from 72,000 

to 85,000, then the figure for the cost of road traffic injuries 

and deaths for 2000 can be extrapolated to Rupees 55,000 

crores (550,000 m). The above calculations do not include 

the effects of pain and suffering experienced by victims of 

RTI and their families in particular and society in general. 

These can be substantial. 

C. J.R. Kerrigan, C.A. Dalmases, J. Foster, J.R. 

Crandall,A. Rizz: 

This study aims to present all of the injuries sustained by 17 

post‐mortem human surrogates (PMHS) tested in 

vehicle‐pedestrian impact experiments and explore the 

injuries, their sources, mechanisms and clinical relevance by 
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comparing them to injuries sustained by 24 PMHS from 

previous literature and by the pedestrians that were entered 

into a recent in‐depth database of vehicle‐pedestrian crashes.  

To understand how specific vehicle designs affect injury 

type, injury mechanism, source and severity three paths are 

possible: computational simulations with mathematical 

models of the vehicles and pedestrians, experimental tests 

with post mortem human surrogates (PMHS) or crash 

dummies, or retrospective examinations of crash, vehicle 

and pedestrian parameters from crash databases. 

      

      

      

      

      

      

      

      

      

      

       

Fig. 2. Number of injuries in the CIREN database by AIS 

level and AIS body region (left) and severity of injuries by 

proportion of cases (right), where each bar describes the 

proportion of cases in which the most severe injury to that 

body region was of the indicated AIS level. 

 PMHS in the current study sustained a high 

frequency of knee injury (29 of the 34 knees were injured) 

and relatively low frequency of leg fractures (7 of the 34 

legs) compared to CIREN. 

Data from both the PMHS tests and the case studies showed 

that knee injuries occurring with concomitant leg fractures, 

or leg fractures occurring with concomitant knee injuries, 

are rare occurrences and injuring the leg or knee appears to 

result in protection for the ipsilateral knee and leg. 

D. K.D. Klinich, L. Schneider: 

This report summarizes recent literature regarding lower 

extremity protection for pedestrians and includes analysis of 

lower extremity injury patterns in the Pedestrian Crash Data 

Study (PCDS) database. 

Injury patterns: The review of the literature on injury 

patterns in pedestrians showed that lower extremity injuries 

comprise approximately one-third of AIS2+(abbreviated 

injury scale) injuries sustained by pedestrians. The PCDS 

database consists of 552 pedestrians, with 69% struck by 

passenger cars. Head/face and lower extremity injuries each 

account for about one-third of AIS2+ injuries to pedestrians 

in the PCDS database. 

 
Fig. 3. Distribution of AIS2+ injury by body region in the 

IHRA database (data from Mizuno 2003) 

An analysis of lower extremity injuries in the PCDS 

database was performed. In the PCDS database, fractures to 

the leg were the most common injury, followed by fractures 

to the knee and pelvis. Approximately 80% of AIS2+ knee 

injuries in the PCDS database involve fractures, and only 

20% are soft-tissue injuries. Also, sustaining an AIS2+ 

injury to one part of the lower extremities increases the 

chance of sustaining an AIS2+ injury to another part of the 

lower extremities. Pedestrians who sustained a leg fracture 

had 2.5 times greater odds of sustaining a knee fracture, 

while pedestrians who sustained a knee fracture had 4.8 

times greater odds of sustaining a soft tissue knee injury. 

Category AIS 2 Injuries AIS 3+ Injuries 

Ankle/foot Dislocation 

Foot fracture 

Fibula lateral 

malleolus fracture 

 

Tibia/fibula 

shaft 

Tibia fracture 

Fibula fracture 

Amputation 

below knee Tibia 

open/comminuted 

fracture 

Knee 

fractures 

Femoral condyle 

fracture 

Patella fracture  

Tibial condyle 

fracture 

Tibial plateau 

fracture 

Tibial condyle 

fracture 

Tibial plateau 

fracture 

Femoral condyle 

fracture 

Knee soft 

tissues 

Joint laceration 

Dislocation 

Ligament 

laceration 

Sprain 

Ligament 

laceration 

Table 4: Classifications of lower extremity injuries in the 

PCDS database. 

 The focus of most pedestrian legform test 

procedures has been on preventing ligamentous damage to 

the knee, largely because early tests loading the knees of 

PMHS showed high frequencies of ligamentous injury. 

However, analysis of the PCDS database indicates that 

fractures to the knee region are three times as frequent as 

soft-tissue injuries to the knee. In addition, results of recent 

cadaver tests by Kajzer et al. show that ligamentous injuries 

commonly occur at 20 kph, but both fractures and 

ligamentous injuries are likely to occur at 40 kph, which is 

the speed proposed for legform test procedures. 

E. S. Ahmed, G. Patil: 

In this method work was carried out on bumper shape 

optimization by a new method called Hypermorph 

technique. 

The analysis setup consists of reduced car model and lower 

legform. The vehicle is placed at ground level and legform 

impactor is placed at 25 mm above ground level. The 

outcome was: 

 The Maximum Tibia acceleration is 217.9 g which 

is higher than the allowable limit of 170g. Hence, 



A Review on Indian Traffic Scenario and Its Implication on Pedestrians 

 (IJSRD/Vol. 3/Issue 03/2015/121) 

 

 All rights reserved by www.ijsrd.com 494 

baseline design does not meet acceleration 

requirement. 

 The Maximum Knee Shearing displacement is 

2.87mm which is within allowable limit of 6 mm. 

Hence meets the requirement. 

 The Maximum Knee Bending angle observed is 

20.84 deg. which is higher than the allowable limit 

of 19 deg. Hence, baseline design does not meet 

acceleration requirement. 

 

Fig. 4: Impact test setup. 

The different shapes of bumper are created by using the 

HyperMorph module in HyperMesh. This method is ideal 

for making simple changes to complex models.  

 
Fig.5: Six Different Shapes 

Shape 04 is the best possible shape among all design as all 

the requirements are satisfied and are well below the 

acceptable limits with ensuring the component integrity. 

Increase in the bumper area to optimize its shape is not 

always a solution which is well evident from shape 05 and 

06. 

F. T.P. Valayil, J.C. Issac: 

Author carried out crash simulation in Ansys Ls-Dyna to 

explore the crash performance of composite and metallic 

materials.  

Composite materials are increasingly being utilized in 

automotive parts. Because of their high strength and 

stiffness to weight ratio, typical composite parts are about 

30 to 40 percent lighter than steel components. Composite 

and thermoplastics are being utilized as materials for body 

panels, hoods and bumpers of auto-mobiles.Utilizing 

ANSYS LS-DYNA, the crash performance of two 

composite structures was analyzed and compared to those of 

an aluminum alloy and steel structure. 

The crash simulation of a full frontal impact of the model at 

a velocity of 35 mph with a rigid wall is carried out and 

analyzed in detail. 

 
Fig. 6: Finite Element Model. 

 

Fig. 7: Specific Energy Absorption of material. 

Although the structure modelled was a fairly simple one, the 

AN-SYS LS-DYNA crash simulations shows that E Glass 

Fabric and Carbon Fibre (CF) Fabric composites for bumper 

of the car can absorb the same amount of energy as the steel 

or aluminium. A good measure of crashworthiness is the 

specific energy absorbed by the structure. The CF Fabric 

composite structure has the highest specific energy 

absorption followed by E Glass Fabric, aluminium and steel. 

Hence, for this simulation, the crashworthiness of carbon 

compo-site and E Glass composite, with a much lower 

weight, is superior to the other two materials. 

G. Q.H. Ma, C.Y. Zhang, S.Y. Han, Z.T. Qin: 

This paper analyzes the bumper using C-NCAP and E.C.E 

R42 standards and optimized the bumper by changing the 

structure size by changing the thickness of the metal bar 

bumper to improve its safety performance with little change 

in its weight. 

CAE model is set according to the C - NCAP100 % positive 

collision regulations. Material is low carbon steel, and crash 

box has no guide groove. The standard frontal crash is not 

lower than the speed of 50 km/h. So the speed is 50 km/h in 

this study. Because of the 100% positive collision, contact 

settings is available in contact with the surface. 

 
Fig. 8: A-class Car Bumper Collision CAD Model. 

 By comparing three kinds of different thickness 

bumpers have reached that the maximum acceleration 

decreases with the increase of thickness, absorption of 

energy increases with the increase of the thickness of the 

law. Next to comparing the increased weight of three kinds 

of bumper thickness. Calculation results show that the 2.2 

mm bumper weight about 4.7 kg, 3 mm of bumper weight 
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about 6.5 kg, 4 mm bumper weight about 8.7 kg, as shown 

in Table . 
Bumper 

thickness 

Weight Acceleration Safety performance 

improvement 

2.2 mm 4.7 kg 97G  

3 mm 6.5 kg 

(increase 

38%) 

83G Maximum 

acceleration value 

reduced 14.4% 

4 mm 8.7 kg 

(increase 

87%) 

65G Maximum 

acceleration value 

reduced 34% 

Table 5: Comparison of quality and safety performance of 3 

kinds of bumper thickness. 

1) The smaller the maximum acceleration of collision 

bumper, the smaller the discrete degree of vehicle and 

the safety performance is higher. 

2) If the collision bumper absorbs more energy in the 

process, the bumper safety is higher. 

3) The bumper bar iron metal thickness increase weight 

increased by 87% for 4 mm and the safety performance 

increased by 34%. Increased to 3 mm thickness, the 

weight increase 38% and the safety performance 

increased by 14.4%. 

4) The bumper bar iron metal thickness is increased to 3 

mm, weight increase and to improve the performance of 

security is a balance point. 

III. CONCLUSION 

Traffic injuries and fatalities in India is a major issue to be 

addressed at the moment. The situation in India is worsening 

and Road Traffic Injuries (RTI) have been increasing over 

the past twenty years. The cost of road traffic injuries and 

deaths for 2000 can be extrapolated to Rupees 55,000 crores 

which is about 3% of GDP.  

The mortality rate in India is 8.7 per hundred thousand 

population which is very high compared to other countries. 

Sweden has been a front runner in the drive for a safe road 

traffic system and founded the Road Traffic Safety Bill on 

Vision Zero in October 1997. The Vision Zero is that 

“eventually no one will be killed or seriously injured within 

the road transport system”. 

Vehicle structures have been developed in recent years to 

protect the occupants in a vehicle collision. This has led to 

the development of high strength vehicle bodies which 

deform to absorb energy during an impact, protecting the 

occupants from high forces. However, the protection of 

pedestrians has received less attention.  

Majority of injury were of lower extremity injuries. 

Pedestrians incurred AIS2+ and AIS 3+ injuries to leg and 

knee. Hence, car should be designed in a way to minimize 

risk of injury to the pedestrians. 
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