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Abstract  Multiple-Vehicle Collisions (MVC) are chain-reaction road accidents involving three or more vehicles. They 

are a rare type of severe traffic incidents and, usually, occur on major roads, such as, motorways and national arteries, under 

high traffic volume. Successive vehicle crashes, on these major transport links, produce not only road closures, but also, very 

often, injuries and fatalities. Due to their nature, severity and extent, multiple-vehicle collisions are one of the most disastrous 

and fatal types of road accidents. The hereby research focuses on the features of severe multiple-vehicle collisions and 

attempts to identify the most recurring causes of these accidents. Low visibility, pavement slipperiness and inconsiderate 

driving are recognized as common major causes, while tailgating, high speed and road works are also pointed out as factors 

susceptible to generate multiple crashes. Based on data available from journal reports, a concise interpretation of the causes of 

these MVC’s was conducted and is hereby presented. Moreover, a statistical analysis on the distribution of multiple vehicle 

collisions by crash cause and impact has also been carried out, meant to explore and to identify the most adverse conditions 

for traffic safety. The research concludes with a list of proposed proactive measures, adequate to motorways, which may 

prove to be beneficial in the case of uncertain safety conditions, as well as, with remedies to be applied after an incident, to 

alleviate a stressful situation and to mitigate the risk for secondary crashes. 
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1. Background 

Multiple-Vehicle Collisions (MVC) are chain-reaction 

road accidents involving three or more vehicles. They 

usually occur on major roads, such as motorways, interstates, 

international links, ring roads and national arteries of high 

traffic volume. Due to their nature, severity and extent, 

multiple-vehicle collisions are one of the most disastrous and 

fatal types of road accidents. 

In fact, multiple-vehicle collisions may be classified into 

many different categories. However, there are two main 

categories of this type of accidents. The first category 

regards congested ring roads, urban and peri-urban freeways 

and comprises accidents occurring under high traffic volume 

and decelerating conditions. Sudden change in speed of one 

vehicle may generate a sequence of rear-end collisions, due 

to high density of vehicles and insufficient headway. 

The second category of multiple vehicle collisions   

refers to accidents occurring mainly due to low visibility   

or unexpected driving conditions on inter-urban motorways. 

The setting, in this case, is quite different and the 

consequences are usually much more severe. In this type of 
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accidents, low visibility, pavement slipperiness and driver 

skills play a major role. 

Research on multiple-vehicle collisions has been 

conducted, principally, in terms of relative velocity of 

vehicles [Sugihama and Nagatani, 2013] and of the effect  

of the first crash to the subsequent collisions [Nagatani, 

1993]. The mathematical model used adopts reasonable 

assumptions with regard to the tire-pavement friction on the 

roadway and the collision process. 

Exploring the difference in causality factors between 

single- and multiple-vehicle crashes, research has been 

carried out on two-lane roads with interesting findings    

on the effect of junctions, signals, Level Of Service    

(LOS), shoulder width and age of drivers [Ivan et al. 1999, 

Martensen and Dupont, 2013]. 

Accounting for the complexity of the physical simulation 

of a multiple-vehicle crash, researchers have applied the 

Monte-Carlo method to reconstruct a specific traffic accident 

[Daily J. and Daily J., 2004]. The Monte Carlo method was 

used to propagate the uncertainty of the evidence through to 

the initial speeds of the involved vehicles. 

In terms of an approach closer to road engineering, State 

Highway Authorities and Institutes have elaborated practical 

recommendations, in the form of Tables, regarding the 

headway to observe under uncertain, crash-prone conditions 

[AASHTO, 2018/ Austroads, 2016].  

However, what is even more important and beneficial to 
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drivers is a set of proactive measures by the Road Operating 

Authorities, with view to preventing accidents or to 

mitigating their impact. The hereby research on the features 

of a significant number of serious multiple-vehicle collisions 

is based on brief reports and rough estimates on these road 

incidents. It aims to identify the most recurring causes of 

these accidents and to connect accident causes with crash 

patterns and risks. The research concludes with several 

measures, adequate to specific weather and traffic conditions 

in each region and highway, which may significantly 

improve the level of road safety. 

2. Safety on Motorways 

Construction of motorways started in Germany and in 

Italy before the 2nd World War. Several years later, the 

Pennsylvania Turnpike was built in the USA. After the war, 

construction of motorways expanded in all industrialized 

countries and, more recently, in most developing countries 

[Mouratidis A., Kehagia F, 2014]. 

The objective was to increase traffic safety, to improve 

serviceability and to reduce travel time for the benefit of 

drivers and passengers. In fact, nowadays, motorways are, by 

far, the safest road links, much safer than regional and 

national roads [Kehagia F., 2013]. 

However, road accidents still occur on motorways, despite 

the net improvement of the traffic safety level in the      

EU [ERSO, 2017]. Head-on collisions are extremely rare, 

practically inexistent, but rear-end and run-off crashes are 

relatively usual. Driver’s distraction, high speed, defective 

vehicle are common causes of these accidents. During 2019, 

23.000 fatalities were recorded in accidents occurred on   

the EU road networks [ERF, EU Road Statistics, 2020].   

On national and regional roads, as well as on motorways, it 

seems that there is still a lot to be done in the field of traffic 

safety. 

3. Multiple Vehicle Collisions: 
Occurrence and Causes 

Among different types of road safety incidents, a    

rather infrequent, but really dreadful type of accident     

on motorways, is the multiple-vehicle collision (MVC), 

equally known as “pile-up accident”. It is often a disastrous 

crash involving many vehicles, generating fatalities, multiple 

injuries, road distress and closure.  

The common sequence of events in a multiple-vehicle 

collision is as follows: a driver suddenly becomes aware   

of an immobile obstacle or a decelerating vehicle in front, 

he/she is driven to brake abruptly, fails and hits the rear-end 

of the obstacle/car in front and a sequence of collisions starts; 

many vehicles crash on to one another, thus, creating a 

desperate situation on the motorway. 

In the case of congested motorways, mostly urban and 

peri-urban, insufficient headway, combined with late driver 

reaction may lead to multiple rear-end collision. Accidents 

of this type usually occur at low speed and rarely produce 

severe injuries or fatalities [Shefer D. and Rietveld P., 1997]. 

In the case of interurban motorways, thick fog seems to 

create serious incidents [Chen and Hsiung, 2018, Li et al. 

2021] and seems to be the most common triggering cause of 

multiple crashes. It should be mentioned that, in many 

reported cases, thick fog seems to have appeared suddenly 

before the driver. The situation is quite different if the driver 

is aware of the potential hazard and the risk is mitigated by 

utmost vigilance. 

The occurrence of multiple-vehicle collisions under low 

visibility conditions in the USA was extensively investigated 

through a comprehensive research by the AAA Foundation 

for Traffic Safety, 2014. The research pointed out that fatal 

crashes due to fog, as percentage of all type crashes on 

interurban roads, vary from 1-2%, while on motorways with 

median, this percentage drops to 1%.  

4. Research over Serious Multiple 
Crashes 

In the Aristotle University, research was conducted on  

106 serious multiple crashes, occurred on peri-urban and 

interurban motorways (1989-2023), in different countries. 

Common characteristics of these MVC’s were the severity of 

the impact of the accidents and the availability of reported 

data. Data were collected from brief reports of daily journals 

which contain rough estimates on traffic figures and on the 

road context. In specific cases, additional input from other 

sources, such as, road alignment, topography and climate 

features, had to be taken into consideration. The research 

focused on the road characteristics, the crash figures and the 

reported or assumed causes of each accident. It was found 

that the most common causes of the MVC type of accidents 

may be classified into 5 categories, related to:  

a.  weather conditions-low visibility: thick fog, 

rainstorm, snowstorm, tornado, smoke 

b.  driver: excessive speed, distraction, dizziness, 

inconsiderate driving, clumsy driving, insufficient 

headway 

c.  road and traffic: lane closure due to maintenance 

works, unreasonable full roadway closure, sudden 

lane or roadway closure, high traffic volume  

d.  pavement slipperiness: snow, ice, water film, oil, 

black ice 

e.  unexpected event or obstacle: stopped vehicle, 

crossing animal, vehicle breakdown, rockfall. 

In search for the origin of each MVC, it seems difficult to 

identify the main cause and, eventually, the secondary cause 

of each accident, especially if low visibility, slipperiness and 

high speed share parts and roles in the same dreadful event. 

However, an attempt for a reasonable classification of    

the accident causes has been made. With regard to other 

parameters related to these accidents, a comprehensive 
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assessment indicates that straightness of the alignment, 

inviting for high speed, plays a rather negative role to traffic 

safety, while high traffic volume is a precondition to an 

MVC. The main findings, including an overview of road 

features and of primary and secondary causes of the MVC’s 

examined, are summarized in Table 1.  

Table 1.  Characteristics and causes of serious MVC’s 

MULTIPLE VEHICLE COLLISIONS (1989-2023) 

ROAD 

FEATURES 

CRASH 

FIGURES 

CAUSES 

MAIN SECONDARY 

Motorways 

2X2, 2X3, 2X4 

 

Traffic volume 

ADT=10,000 - 

100,000 

 

Alignment 

- Straight: 72% 

- Wavy: 28% 

 

Speed limit 

V=70-130 km/h 

Fatalities: 

1-50 

 

Injuries: 

10-100 

 

Number of 

collided 

vehicles: 

20-200 

Thick fog 

 

Snowstorm 

 

High speed 

 

Icy road 

 

Tailgating 

Rainstorm 

 

Insufficient 

information 

 

Blinding sun 

 

Road works 

 

Inconsiderate 

driving 

Low visibility, especially thick fog, was pointed out to be 

the most recurring factor of a multiple-vehicle collision, 

although it is not always easy to distinguish the main from 

the secondary cause of an MVC. This is quite noticeable in 

the case of a snowstorm, when low visibility is combined 

with low skid-resistance on the roadway. It is impossible to 

identify, in this case, the main and the secondary cause of 

accident. In case of fog, also, air humidity usually provokes 

pavement slipperiness, which is a contributing factor to road 

accidents. It is worth mentioning that, with regard to traffic 

safety, thick fog seems to be one of the top causes of road 

accidents and severe injuries of drivers and passengers 

worldwide. The share of each primary and secondary cause, 

over the 106 accidents examined, is shown in Figure 1. 

Driver’s incompetence, including inconsiderate and 

clumsy driving was found to be a most frequent cause of 

MVC’s. High or excessive speed seems to be present and 

common cause of MVC’s in most cases, decisively affecting 

the impact of the accident.  

Vehicle speed, a very important factor of all types of road 

accidents, may be either generating or contributing to an 

accident. High speed is a speed beyond the posted speed 

limit which, in combination with a most triggering factor, 

may contribute to the occurrence of an accident. Excessive, 

is a very high speed which may generate accidents and 

chain-reaction crashes regardless of the weather and 

pavement conditions. 

By contrast to other types of road accidents, where the 

human error is by far the most decisive contributing    

factor (Wiseman, 2022), in multiple-vehicle collisions, 

environmental factors, such as low visibility and pavement 

slipperiness, play a major role. This is due to the fact that 

thick fog and dust storms appear suddenly before drivers, 

whereas slipperiness, due to ice on the pavement, may be 

imperceptible. Inconsiderate driving is, in both cases, an 

aggravating factor. 

Since most of the MVC accidents occurred in the northern 

hemisphere, it is also interesting to notice that 94 accidents 

took place from October to March, while only 12 from April 

to September.  

The most interesting finding of the research is that, in 

every severe MVC, 2 distinct causes are identified in the 

origin of the accident. Co-occurrence and timing of these 

generating causes have a direct impact on the accident 

consequences. 

 

  

Figure 1.  Main and secondary causes of Multiple Vehicle Collisions 
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5. Collision Patterns and Impact 

A generalized simulation of a multiple-vehicle-collision 

seems an extremely difficult task. It would require too  

many random variables and unknown parameters, including 

initial speed for every vehicle, angle of each collision, 

post-collision angles of motion, post-impact velocities, 

tire-pavement friction coefficient and the rate of inelasticity 

of each collision. However, for specific cases, attempts of 

mathematical formulation of the collision process have been 

made [Daily J and Daily J., 2004].  

In the frame of the present research, multiple-vehicle 

collisions are classified into 6 main categories, each one 

characterized by the collision pattern, the main cause and  

the contributing factors (Table 2). Although, each multiple 

vehicle accident is unique, this classification seems to be   

a pre-requisite to the identification of the most adequate 

pro-active measures for each highway. Slippery roads need 

different measures from fog-prone highways. However, 

there are measures, mainly regarding information to drivers, 

beneficial in every highway, since they help prevent 

secondary crashes and significant delays. 

An analysis of the relationship between the cause and the 

impact of the accident was conducted. The impact in terms of 

injuries (I) and fatalities (F) was classified in 3 categories: 

harmful (F=0-1, I=1-10), severe (F=1-5, I=10-30) and 

devastating (F>5, I>30). The results of this analysis are 

presented in Table 3. 

The findings of the statistical analysis underline the 

severity of accidents occurring under low visibility 

conditions. Crashes due to high slipperiness are also dreadful 

but less disastrous. Research claims that drivers tend to 

decelerate and drive more carefully under adverse weather 

conditions, such as, rain, snow and wind [Rakha et al., 2008]. 

Fog, however, seems to appear suddenly to drivers and often 

generates major cause of multiple-vehicle collisions.  

Table 2.  Classification of MVC types 

CRASH 

FEATURES 

CRASH PATTERN TYPES 

TAILGATING 
EXCESSIVE 

SPEED 
SLIPPERINESS 

LOW 

VISIBILITY 

DRIVER'S 

ERROR 
OTHER 

CRASH ONSET 

AND PROCESS 

 Sudden 

slowdown and 

rear-end 

collisions 

 Loss of 

control 

 Slide on 

roadway 

 Late and 

unsafe 

braking 

 Late 

reaction 
Variable 

 
 Slide on 

roadway 

 Multiple 

serious crashes 

 Multiple 

rear-end 

collisions 

 Multiple 

crashes 
 

MAIN 

CAUSE 

 Tailgating 
 Excessive 

speed 

 Snow and ice 

on pavement 

 Low 

visibility 

 Driver's 

error/ Lane 

change 

 Unforeseeable 

obstacle 

  
 No 

skid-resistance 

 Low 

perceptual 

ability 

  Road closure 

CONTRIBUTING 

FACTORS 

 Merging 

 Low 

skid-resistance 

on pavement 

 High speed 
 Pavement 

slipperiness 
 Speed  Speed 

 Increasing 

traffic density 
    Slipperiness  

IMPACT Harmful Severe 
Severe to 

Devastating 

Severe to 

Devastating 
Harmful 

Significant to 

Devastating 

Table 3.  Distribution of MVC’s by crash cause and impact 

MAIN CAUSE 
ACCIDENTS 

HARMFUL (%) SEVERE (%) DEVASTATING (%) ALL 

1 FOG AND WHITE-OUT - 9 32 41 

2 RAIN, SNOW, SLIPPERINESS 12 9 15 36 

3 EXCESSIVE SPEED 2 2 3 7 

4 DRIVER'S ERROR - 2 2 4 

5 TAILGATING 2 2 - 4 

6 DUSTSTORM, SMOKE - 2 3 5 

7 OTHER - 1 2 3 

 TOTAL 16 27 57 100 
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6. Kinetic and Potential Energy 

In terms of physics, both the kinetic energy and the total 

momentum of all involved vehicles are set to zero after 

impact, since all velocities drop finally down to zero as well. 

Throughout the impact process, the total kinetic energy K is 

dissipated, mainly by conversion to potential energy of 

deformation of vehicles and structures P, but also to thermal 

energy T: 

K (kinetic energy) = P (potential energy of deformation) 

+ E (fracture energy on vehicles and structures) + T 

(thermal energy on vehicles and structures) + W (work 

against tire/pavement friction) + A (other, sound, air 

resistance). 

This equation points out the importance of the speed factor 

in all types of multiple-vehicle collisions, since  

 𝑲 =
𝟏

𝟐
𝒎𝒊 ∗ 𝒗𝒊

𝟐, where m stands for mass and v for speed. 

The amount of the energy of deformation produced during 

a crash event depends greatly on the initial kinetic energy of 

the vehicles involved. In this regard, car manufacturers strive 

to produce vehicle structures susceptible to absorb kinetic 

energy by deformation of the bumpers and of the end frames 

of the vehicle body, leaving the passenger cabin intact.    

In terms of road engineering, although energy consumed 

against pavement friction is usually a small part of the total 

energy, it is important to maximize it, in all types of probable 

traffic accidents. This can be achieved by proper asphalt 

types of increased skid-resistance (§ 7). By contrast, thermal 

energy on vehicles, susceptible to provoke fire, may be 

disastrous and must be controlled through anti-flammable 

constituent materials of the vehicle structure.  

7. Measures and Remedies 

Measures are imperative to prevent probable accidents  

due to sudden drop in visibility, as well as, to imperceptible 

pavement slipperiness. In this regard, proactive measures, 

including new technologies, are proposed and safety 

priorities are presented, suitable to Motorway Operators 

(Table 4). In line with the findings of the present research 

over the causes of MVC’s, warning measures, suggesting 

vigilance and caution to drivers, are mostly recommended. 

Research findings indicate a gap in existing preventive 

measures (public lighting, glowing markings, CCTV 

cameras) among different countries [ETSC, 2015] but there 

are still measures to be taken in almost every country.  

Measures of proactive character, such as low cost 

electrical or electronic equipment on the road, but also, 

engineering options, may save lives. Some of them, adequate 

to motorways, are: 

 

Table 4.  Proactive and corrective measures/ remedies for MVC’s 

PROACTIVE MEASURES REMEDIES 

TYPE 
EFFECTIVENESS 

BY RISK OF CRASH TYPE 
TYPE 

APPLICABILITY 

BY ROAD TYPE 

 Active emergency 

patrols 

 

 CCTV Cameras 

 

Speed, driver’s 

error 

 

Speed, driver’s 

error, snow, fog 

 

 Awareness through CCTV at 

specific road segments 

 

Roads in regions 

with adverse 

weather 

 Pavement operations 

(drainage, snowplow) 

Rainstorm, 

snowstorm 

 Early identification and 

response means (personnel + 

vehicles + equipment) 

 

Freeways, 

motorways 

 Hazard lights at road 

shoulder 

 

Fog, white-out  Prevent secondary crashes 
All roads 

 

 Bright markings Fog, mist, rainstorm 
 Divert incoming traffic 

 
All roads 

 Weather sensors (fog 

sensors) + VMS warning 

signals 

 

Fog, mist, white-out 

 Dispatch Info on road closure 

(radio, VMS, tolls) 

 

Freeways, 

motorways 

 Real- time road safety 

systems + info 

 

Tailgating, excessive 

speed, adverse 

weather 

 Keep clear emergency lane 

 

Freeways, 

motorways 

 Pavement sensors 

+VMS, radio 

Slipperiness, Icy 

roadway, snow 

 Safely clear incident/ getting 

access by frontage roads 

Freeways, 

motorways 
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a)  Install and operate hazard lights on the unsealed 

shoulder, 

b)  Activate warning signals on VMS under high risk 

conditions ahead, 

c)  Get emergency patrols moving along critical 

segments,  

d)  Receive and provide real-time Information on weather 

conditions (radio, toll stations, VMS),  

e)  Ensure snowplow readiness,  

f)  Develop and operate real-time safety prediction / 

prevention models, designed, first, to interpret 

real-time traffic safety condition using pre-existing 

data and, subsequently, to warn drivers [Mouratidis A., 

2020], 

g)  Use pavement markings of high brightness, 

h)  In fog-and rain-prone areas, semi-dense asphalt  

mixes with hard aggregates will produce skid-resistant 

wearing courses to fight against slipperiness. By 

contrast, in regions of heavy winter conditions, 

anti-freeze or anti-icing asphalt layers [Wang Z. et al., 

2017, Ma T. et al., 2016] will provide best results. 

It is believed that the “autonomous vehicles” (AV) 

innovative technology may be an effective response to the 

issue of multiple crashes and to almost every type of road 

accidents [Muzahid A.J. et al, 2023]. However, studies 

[Sinha, A. et al, 2021] prove that this innovative technology 

still needs further development before becoming absolutely 

safe. 

The question of “remedies”, referring to post-incident 

measures, required to alleviate a very difficult and often 

chaotic situation, is also very important. Some useful recipes 

to mitigate the negative effects of multiple-vehicle collisions, 

to avoid secondary crashes and to restore normal traffic are 

herein proposed (Table 4). 

The most effective remedy, however, is a comprehensive 

intervention plan which must be established in advance, fully 

implemented on time and all-weather operational. In this 

regard, an effective Incident Management Plan, defining 

intervention operations and corrective actions to alleviate 

stressful situations, is absolutely necessary to effectively 

operate a safe and high-standards motorway. 

8. Conclusions 

Multiple-vehicle collisions on motorways are disastrous. 

They occur rarely but their consequences are severe. The 

present research on serious MVC’s recognized that low 

visibility is the main triggering factor for MVC’s. In case of 

thick fog or white-out conditions a slippery pavement and 

inconsiderate driving contribute to a severe MVC. 

Rainstorms, snowstorms and ice on the roadway, 

drastically minimizing skid-resistance, are also factors likely 

to produce severe multiple crashes on motorways. Likewise, 

high speed, in this case, amplifies the harmful impact of the 

accident. 

Proactive measures to prevent MVC’s must be specifically 

determined by probable crash risk, while real-time safety 

prediction models, implemented in high risk road segments, 

seem to be most effective innovative tools. 

Prevention of the chain-reaction effect is of great 

importance in all types of road accidents. Digital information, 

well-planned traffic incident management and adequately 

trained personnel will prevent secondary crashes, congestion, 

unpleasant/despairing situations and save lives in a 

high-standards motorway. 
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