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HISTORY OF FORENSIC SCIENCE IN THE UNITED KINGDOM 

 
The presentation of expert forensic evidence in criminal cases dates back to the 17th and 

18th centuries.  In those early days, the evidence almost always related to the death of the victim of a 

crime, particularly in relation to the cause of death and the weapon used.  In more recent times, the 

skills of Forensic Scientists in the field of Fingerprints, Ballistics and Handwriting have been widely 

used.  In the last 20 years, significant advances have been made in the fields of Biology and 

Chemistry, particularly in relation to DNA profiling. 

 

 

DEVELOPMENTS OF METHODS AND TECHNIQUES SPECIFICALLY RELATING 

TO ROAD TRAFFIC ACCIDENTS 

 
Until comparatively recently, the question of blame in road traffic accidents was determined almost 

solely from statements made by witnesses and involved parties.  However, over the last three 

decades, the use of experts in road traffic cases has increased as the legal profession has realised 

that there is a considerable amount of data available after an accident, beside witness and involved 

party statements, which, if recorded and interpreted correctly, can be of considerable assistance in 

determining what happened in the accident. 

 

It is often suggested that reports by accident reconstruction consultants are of little use, as they are 

based on assumption and are thus speculative.  This is certainly true of cases where the expert’s 

report is based solely on a study of witness evidence rather than sound physical evidence recorded at 

the scene. 
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Whilst there are isolated examples of evidence of a technical nature being presented in road traffic 

accident cases prior to 1970, accident reconstruction techniques have only become widely used in 

the last 25 years.  The most common examples of evidence presented in cases relate to the 

examination of vehicle tyres and components. 

 

The earliest recorded scientific analysis of a road traffic accident dates back to 1929, when a Police 

Sergeant in Yorkshire was concerned with the effective braking distance achieved by a vehicle which 

struck a pedestrian.  The officer placed a bag of flour on the running board of the car and drove the 

vehicle along the road at a constant speed.  When he applied the brakes firmly, the bag of flour fell to 

the ground and burst.  The officer then measured the distance travelled by the car from where the 

flour struck the ground to the point at which the vehicle came to rest and was able to calculate the 

stopping distance of the car from a known speed. 

 

The application of accident reconstruction techniques is widely used in England.  However, with the 

exception of tachograph evidence, the only Government funded forensic science laboratory offering a 

service in reconstruction techniques is that of the former Metropolitan Police Laboratory in London.  

Whilst all the Home Office laboratories and the Strathclyde Police laboratory in Glasgow provide a 

service in respect of mechanical examinations, they do not offer a service in respect of the 

mathematical analysis of road traffic accidents. 

 

All Police forces in England have specially trained Traffic Officers, who are called to the scene of fatal 

injury accidents.  These officers will make a detailed record of the physical evidence, in particular the 

positions of vehicles, marks and debris.  Where possible, they will assess where the impact occurred, 

how fast the vehicles were travelling and whether any features other than driver error played a part in 

causation. 

 

 

THE ROLE OF THE POLICE OFFICER, FORENSIC SCIENTIST IN GOVERNMENT 

SERVICE AND INDEPENDENT SCIENTIST IN ACCIDENT INVESTIGATION 

 
A Police Accident Investigation Officer is only concerned with recording the physical evidence for 

possible criminal proceedings.  He is not concerned with percentages of liability in civil matters and 

indeed will rarely be called to investigate serious injury road traffic accidents, which form the bulk of 

high value civil claims. 

 

The Forensic Scientist in public service provides support for the Police service.  He will normally be 

asked to examine components from motor vehicles or to identify a vehicle from paint or glass 

fragments. 
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There are now many experts in private practice having been previously employed at Universities, 

Forensic Science Laboratories or within the Police service.  During the past ten years, the Home 

Office Forensic Science Service in England has become an agency, self-funding, with Police forces 

being charged for the service offered.  It is now possible to obtain a report from many of the 

laboratories for both civil and criminal cases. 

 

 

THE EXPERTS’ PROTOCOL AND PRACTICE DIRECTION 35 

 
At the time of preparing this paper some seven years have elapsed since the introduction of the 

Experts’ Protocol and the new Practice Directions in relation to the Civil procedure in personal injury 

cases.   

 

The audience for which this paper has been prepared will be familiar with the rules and clearly it is 

inappropriate for me to recite these in their entirety.  The rules were intended to discourage the use of 

experts in a wide range of disciplines in fast-track cases.  In practices, this has happened.  I believe 

that it is most unlikely that a Managing Judge would approve the use of an expert in road traffic 

accident reconstruction in any fast-track case with the exception of an alleged fraudulent claim.   

 

The Practice Directions do allow for expert reconstruction evidence in the more substantial cases, i.e. 

multi-track.  Lord Woolf had proposed that as a general rule, a Single Joint Expert would be instructed 

in high value claims.  At the outset, the Courts were reluctant to allow the use of experts for both the 

Claimant and the Defendant, but with the passage of time and experience, it is my experience that the 

Courts are now more sympathetic towards the use of two expert, i.e. the traditional method.  This may 

be in part due to the result of at least one Appeal (heard by Lord Woolf amongst others) where it was 

argued that the use of a Single Joint Expert was contrary to natural justice.  In the case to which I 

refer, Lord Woolf said that he had always intended that in certain cases, each side would be free to 

instruct their own expert. 

 

The adversarial system is not ideally suited to the use of a Single Joint Expert and little thought 

appears to have been given to the procedure that should be adopted in the event that the expert is 

required to give oral evidence.  I believe that Lord Woolf had never anticipated that a Single Joint 

Expert would actually give oral evidence and indeed the rules require the leave of the Court before a 

Single Joint Expert may present oral evidence. 

 

There will be very few cases where the whole content of a report prepared by a Single Expert will suit 

both parties. 
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No consideration has been given as to where a Single Joint Expert should sit in Court.  Clearly he 

cannot sit with either of the parties.  In one case in which I was involved, a spare Bundle was not 

available and I was obliged to sit in the public gallery without the benefit of a Bundle to which the 

witnesses were referred.  When it came to my turn to be called, there was an issue as to who should 

call me.  Historically, the party able to cross-examine a witness is at an advantage and therefore, 

neither Counsel wished to call me.  In the end, the Judge adopted the commonsense approach and 

called me herself.  She indicated that she would let both parties examine me in turn, in much the way 

of a cross-examination.  In another case, the Judge carried out the examination in chief, leaving the 

two Counsel to cross-examine the expert. 

 

Contrary to initial expectations, the Courts do not maintain a list of approved experts and neither has it 

been my experience that it is necessary for a Court to appoint an expert in any particular case.  It has 

to be said that those experts who have a reputation for appearing solely on behalf of a Claimant or a 

Defendant are unlikely to find themselves nominated by both parties to an action. 

 

The Courts do manage the use of experts in multi-track cases to the extent of timetables, etc.  

However I have yet to come across a situation where the Court has specified the level of fees to be 

paid to the expert for both the preparation of the report and any subsequent attendance at Court. 

 

In summary, in many cases the Court has simply approved the use of two experts.  The parties either 

have already obtained their reports or alternatively proceed to submit instructions to a suitable expert. 

The timescale for the preparation of the report is strict and often limited to 12 weeks.  However the 

Courts do seem to be sympathetic where problems arise particularly in terms of submitting relevant 

documentation to the expert. 

 

In single joint expert cases the parties are able to agree on the expert and submit the relevant 

instructions.  There is no consistency in the nature of those instructions.  Whilst it may be anticipated 

that the Claimant will prepare the most detailed instructions this has not proved to be the case.   

 

There are strict rules in respect of the expert’s handling of the instructions.  I have tried as far as 

possible to stick rigidly to the Experts’ Protocol and so far this appears to have been fairly successful.  

 

Upon receipt of the initial instructions in single joint expert cases I write to both firms of solicitors in 

identical terms.  I indicate when the report will be prepared and I ask them to ensure that well in 

advance of that date all the relevant documentation is submitted to me.   

The report is formatted in accordance with the Practice Directions and the Experts’ Protocol.  

Standard paragraphs with the various undertakings from the expert are included in the report.  A 

curriculum vitae together with a list of documents is appended to the report. 
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It is absolutely essential that no document is sent to an expert which the instructing solicitors believe 

may be privileged.  As far as I am concerned privilege is lost once a document is submitted to an 

expert.  He is under a duty to disclose the nature of all the documentation he has seen including his 

instructions. 

 

On completion of the report this is submitted to each firm of solicitors on the same day.  Identical 

covering letters and scale plans, photographs etc accompany the report.  At that stage I invite each 

firm of solicitors to submit any questions arising from the report and at the same time to submit any 

documentation which they may have failed to submit with the initial instructions. 

 

In single joint expert cases it is currently my practice to advise the two firms of solicitors that I will only 

answer questions of clarification on one occasion and that any request for further clarification should 

be made via the managing Judge.  To date this has not caused any difficulties. 

 

It was my practice to include in my covering letter personal comments in respect of liability which 

would be inappropriate to include within the body of the report.  For example, when acting for a 

Defendant I have felt that it is appropriate to advise the insurer as to the likely litigation risks.  It is 

obviously far more difficult to write such a letter addressed to both parties.  

 

Where possible I resist any request to meet with either the instructing solicitor or the client at the 

accident scene.  In the past I have rarely found this to be helpful. Whilst it can be useful to meet my 

instructing solicitors it is rarely of assistance to meet the client and more often than not this 

complicates the issue.  Under the new rules there is an obvious danger in meeting with any witnesses 

at the scene of the accident.  The expert has a duty to disclose the nature of any evidence be it oral or 

written.  In my experience clients and witnesses often make ill thought out comments at the time of 

site inspections.  In order to be seen as truly independent the expert must be detached from the 

parties involved. 

 

 
 
 
 
 
 
 
 
CONFERENCE WITH COUNSEL 
 

I have yet to come across a situation where I am requested to attend a conference with Counsel in a 

case where I have prepared a single joint expert’s report.  It is my intention to indicate to those 

instructing me on receipt of such a request that both parties should be present at the conference.  In 

my opinion it would be wholly improper for an expert to attend a conference with only one of the 

parties present.  At the very least the expert would then have to report upon the matters discussed at 
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that consultation to the absent party.  In practice I believe it unlikely that there would be any form of 

conference in those cases involving a single joint expert. 

 

THE EFFECT OF THE PRACTICE DIRECTIONS  

 
At the time of writing I am dealing with very few cases where the action was raised before 26th April 

1999.  However almost without exception, the Courts have become very proactive in terms of the 

management of all cases.  In particular, there are now automatic directions in respect of a meeting 

between experts and the preparation of a Joint Statement.   

 

The Courts are inconsistent in the timescales set for the exchange of expert evidence, the meeting 

between the experts and the preparation of the Joint Statement.  Regrettably, many of my instructing 

solicitors have been slow to disclose the other side’s expert’s report and/or advise me of the timetable 

for the meeting between experts, etc.  There have been a number of cases where less than one week 

has been available for the discussions, etc.  Some Courts have been making Orders which are only 

issued about two weeks before the deadline date and in exceptional cases, the Order has actually 

been issued after the relevant date set out in the Order. 

 

The rules and the orders produced by the Court do not require the experts to meet face to face and it 

has been my experience that meetings in person tend to be costly and ineffective.  It is almost 

impossible to prepare a Joint Statement at the end of the meeting which can be signed before the 

meeting is concluded.  It is always necessary to draw up a draft following the meeting and it is normal 

for various amendments to be made by one or other expert.   

 

With very few exceptions all Joint Statements are now been prepared following detailed telephone 

discussions and the repeated submission of draft Joint Statements by fax or e-mail. 

 

 

 

 

 

 

One particular problem does arise in respect of Joint Statements.  Often an expert will prepare a 

further report in respect of his opponent’s report.  This is not always disclosed and I have been 

involved in a number of cases where a discussion between experts has revealed the presence of an 

undisclosed report.  In my opinion the relevant firm of solicitors are under a duty to disclose any 

additional document prepared by their expert.  These must be seen before the Joint Statement is 

concluded. 

 

In my experience the preparation of Joint Statements is of benefit in the majority of cases.  It does 

simplify the issues and may, in certain cases, dispense with the need for the experts to give evidence. 
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In one case I was able to persuade an opponent that his analysis was wholly in error.  We finally 

concluded our Joint Statement to the effect that my report, plan and photographs could be relied upon 

as being accurate for the purpose of the proceedings.  We were acting for two Defendants in a case 

where a Claimant was bound to succeed.   

 

I anticipated that the other Defendant would concede liability on the basis of their expert evidence 

being discredited.  In practice, that Defendant did not call expert evidence and indicated to the Trial 

Judge that they did not accept the content of the Joint Statement.  I had formerly been under the 

impression that a Joint Statement was binding and I was surprised to note that the rules in fact allow a 

party to abandon expert evidence where they are unhappy with the content of a Joint Statement. 

 

In that particular case the Trial Judge pointed out that in the absence of expert evidence the party 

were at a serious disadvantage both in terms of their cross-examination of me and the strength of 

their arguments.  I strongly believe that in those cases where there are no points of disagreement 

between the experts the content of the Joint Statement should be binding and that there should be no 

need for either expert to present oral evidence.  I have experience of cases where the parties have 

agreed not to call expert evidence on that basis. 

 

As a consequence of the dramatic effect of the new Practice Directions and Experts’ Protocol, a 

number of specialists in my field have ceased to trade.  The volume of new instructions was reduced 

dramatically but my case load has again increased in line with the more tolerant approach of the 

Courts to the use of experts in high value claims.   I do not believe that the situation in respect of fast-

track cases will change.  There will be no expert evidence of this nature allowed.  There is a much 

larger percentage of cases where two experts are allowed and only a small percentage involve a 

single joint expert. 

 

 

 

 

Whilst the Courts have always taken a cynical approach to expert evidence in this particular 

discipline, I do not believe that the majority of High Court Judges will be happy to proceed without the 

benefit of some expert input.  For example, the use of scale plans and photographs is now routine in 

the vast majority of cases.  The Courts still need to be told what a set of skid marks means in terms of 

vehicle speed etc.  What is clear is that the parties must be selective in those cases where they apply 

to the Court to instruct an expert.   

 
It is perhaps relevant at this point to comment upon the Appeal Court decision in the case of Liddell -

v- Middleton, July 7th 1995.  In this case, the Court of Appeal was critical of the nature of the expert 

evidence given and ruled on the admissibility of certain parts of the evidence. 
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The following comments were made: 

 

"We do not have Trial by expert in this country; we have Trial by Judge.  In my 

Judgment, the expert witnesses contributed nothing to the Trial in this case except 

expense ...  There has been a regrettable tendency in recent years in personal injury 

cases, both road traffic and industrial accidents, for parties to enlist the services of 

experts whether they are necessary or not.  When they are not necessary, they 

simply add to the already high cost of litigation and the length of the Trial ... 

In some cases, expert evidence is both necessary and desirable in road traffic cases 

to assist the Judge in reaching his or her primary findings of fact.  Examples of such 

cases include those where there are no witnesses capable of describing what 

happened, and deductions may have to be made from such circumstantial evidence 

as there may be at the scene, or where deduction are to be drawn from the position 

of vehicles after the accident, marks on the road, or damage to the vehicles, as to the 

speed of the vehicle or the relative positions of the parties in the moments leading up 

to the impact. 

In such cases, the function of the expert is to furnish the Judge with the necessary 

scientific criteria and assistance based upon his special skill and experience not 

possessed by ordinary laymen to enable the Judge to interpret the factual evidence 

of the marks on the road, the damage or whatever it may be.  What he is not entitled 

to do is to say in effect "I have considered the statements and/or evidence of the eye 

witnesses in this case and I conclude from their evidence that the Defendant was 

going at a certain speed, or that he could have seen the Plaintiff at a certain point.   

 

 

 

 

These are facts for the Trial Judge to find based on the evidence that he accepts and 

such inferences as he draws from the primary facts found.  Still less is the expert to 

say that in his opinion the Defendant should have sounded his horn, seen the Plaintiff 

before he did or taken avoiding action and that in taking some action or failing to take 

some other action, a party was guilty of negligence.  These are matters for the Court, 

on which the expert’s opinion is wholly irrelevant and therefore inadmissible”. 

 

I for one agree entirely with the remarks made by the Judges in this particular case. 

 
 

 

WHEN IS AN ACCIDENT RECONSTRUCTION CONSULTANT NEEDED? 
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The approach adopted by the Police in respect of the investigation of road traffic accidents is that 

those accidents which result in fatality should be investigated as a matter of course, whilst other more 

severe accidents which could prove fatal also are worthy of investigation.  It may be said that in civil 

litigation, there should be a different approach. 

 

In cases where there are a number of independent witnesses giving a generally consistent account of 

how the accident occurred, it is most unlikely that a Judge will prefer the secondary evidence of an 

expert in preference to the witness evidence.  Equally, the Court is unlikely to be impressed by a 

report based solely upon what people have to say rather than evidence found at the scene. 

 

In my opinion, there should be different levels of service offered by a Consultant: 

 

* A short preliminary opinion based on documentation in the form of a 

confidential report unsuitable for disclosure; 

*     Plans/photographs showing the locus with a report limited to a description of 

the layout of the road where the accident occurred; 

*      A full reconstruction prepared following a detailed site inspection. 

 

The Courts have now become accustomed to having the benefit of photographs and often scale plans 

showing the layout of the road where the accident occurred, together with detailed measurements in 

respect of carriageway dimensions, sight lines, etc.  There are few cases where this material is not 

beneficial. 

 

 

From a Claimant's point of view, it will often be worthwhile to obtain a brief report from an expert, 

albeit that there may be insufficient physical evidence for him to prepare a meaningful report. 

 

Consultants with vast experience in this field will have spent a great deal of time in Court and can 

offer useful advice in respect of how a particular witness’s evidence may be viewed by the Court, 

particularly when compared with the physical features relevant to the accident. 

 

Insurance companies need to know whether there are reasonable prospects of defending a particular 

claim.  Not only will their solicitors and Counsel be able to give detailed advice, but a reconstruction 

specialist can be of considerable assistance in highlighting the obvious weaknesses in a Claimant or 

a Defendant’s case. 

 

For a report to be of considerable assistance, early instruction is essential.  It is regrettable that 

instructions are commonly received many years after the accident has occurred or the claim initiated. 
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A prospective Claimant will often seek out legal advice at an early stage, although at the outset it may 

not be at all clear as to whether specialist assistance is required.  However, in each and every case, it 

would be prudent for those representing the Claimant to ensure that all evidence is preserved if at all 

possible.  For example, tachograph charts from goods vehicles can provide very detailed information 

for reconstruction purposes and yet the law requires that such charts are only retained for a period of 

12 months.  In very many cases, the chart may well be destroyed well before the Consultant is 

instructed. 

 

It is also common policy for Police forces to destroy not only the Police report but the reporting 

officer’s note book, and great difficulty can be found at a later stage when interviewing the officer who 

does not have the benefit of his original notes. 

 

A Police report should always be routinely obtained.  The report will normally indicate whether a 

Police accident investigator attended the scene.  The photographs, scale plan and report commonly 

prepared by the officer will not normally accompany the Police report, but should be obtained at the 

same time. 

 

In very many cases, a full report from an accident investigator may not be available simply because it 

was decided that no proceedings would be taken or that the accident was not as severe as first 

anticipated. 

 

In such cases, it is essential that the accident investigator be interviewed at a very early stage.  Even 

if the officer did not prepare a scale plan, the measurements he took at the scene will still be available 

and should be obtained if at all possible. 

 

Solicitors representing insurance companies are often faced with a claim which had not been 

previously intimated.  This can cause great difficulties, given the requirement for Claimants to proceed 

to Trial as soon as possible.  Often Claimants have the luxury of some years in which to prepare their 

case and obtain expert evidence.   Defendants are commonly deprived of adequate preparation time. 

 

An insurer or solicitor acting on behalf of an insurer should, if aware that a substantial claim is likely to 

be made, preserve the evidence in exactly the same way as those representing the Claimant.  

Engineers acting on behalf of the insurance company should take photographs of damaged vehicles. 

 

 

WHAT IS REQUIRED BY THE CONSULTANT? 

 
The quality of a report prepared by a Consultant will reflect the quality of the documentation available 

to him.  It is frustrating, often embarrassing and, more importantly, prejudicial to a client where the 
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Consultant has prepared a report on the basis of certain documentation only to find contrasting 

documentation produced on the exchange of reports or at Trial.  For example, there are many cases 

where it is said that Police photographs were not taken or were not available only for these to be 

produced at Trial and to show something quite different to that which was assumed by the Consultant 

when preparing his initial report. 

 

Details of traffic flow and the previous accident history of the accident site can be obtained from the 

Highway Authority. 

 

Information about the probable weather conditions at the time can be obtained from the 

Meteorological Office. 

 

Appendix ‘A’ provides a useful check list for information to be collected which will be of relevance to 

the investigator. 

 

All evidence relating to what was found at the scene, together with both Police statements and civil 

statements must be made available at an early stage.  Ideally, the statements should be those upon 

which the client is intending to rely at Trial.  It is often assumed, quite wrongly in my opinion, that the 

Consultant will not need to have sight of the Pleadings and medical reports.  Whilst I would 

acknowledge that it may not be for an expert to comment upon the pleaded case, there are often 

allegations made which need to be dealt with as part of the reconstruction. 

 

There is a developing practice in some Police forces not to provide all the information obtained by the 

accident investigation officer with the Police accident report and then to refuse permission to interview 

the Police officer until proceedings have commenced, not realising that without first obtaining the 

detailed information obtained by the accident investigator, it may not be possible to establish that an 

action can be started. 

 

Good investigation enables good reconstruction. 

 

 

ACCIDENT CAUSATION 

 
The Road Traffic Act defines an accident as an ‘unintended occurrence having an adverse physical 

effect’.  The Oxford English Dictionary defines an accident as a ‘chance occurrence’. 

In very few cases can a collision involving a motor vehicle be described as a true accident where no-

one can be to blame to some extent.   
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The driver who loses control of his vehicle on a roundabout where the road surface has been 

contaminated with diesel oil may not be responsible for the loss of control of his vehicle, but the driver 

who allowed fuel to spill onto the road surface from the diesel tank would be negligent. 

 

A road traffic accident can be caused by one or more of the following: 

 

 *   Driver error. 

 *   Mechanical defect. 

 *   Highway defect or poorly signed roadworks. 

 

Whilst many drivers may allege that a mechanical defect resulted in the loss of control of a vehicle, 

there will be very few cases where a defect is found, although there will be occasions when an initial 

error of judgment produces a situation where a driver is unable to brake or steer effectively as a result 

of some defect. 

 

One common allegation is that a tyre ‘blew out’.  It is quite rare for this to occur on a motor car and it 

is commonly found that the driver has observed a deflated tyre after the accident and assumed that 

this deflation occurred pre-impact, when in fact the tyre had been damaged when it came into contact 

with the vehicle bodywork. 

 

In my experience, there has been an increase in the number of cases where allegations are made 

against a Highway Authority in respect of road design, construction or maintenance.   

There are also a significant number of cases where roadworks are inadequately signed. 

 

 

WHAT CAUSES INJURY? 

 
There are three basic ways in which a person can be injured in an accident.  These can best be 

described as impact, deceleration and crushing: 

 

Impact injuries occur when a localised force is applied to part of a body which exceeds the 

tolerance such that the force is greater than that part of the body can withstand. 

 

Deceleration injuries occur when a distributed force is applied to the human body which 

results in the body decelerating at a rate greater than the body can withstand without injury. 

 

Crushing injuries occur when the forces on the vehicle result in intrusion into the passenger 

compartment such that part of the body is trapped and crushed. 
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USE OF PHASE-FACTOR MATRIX TO IDENTIFY FAULT 

 
PHASES OF AN ACCIDENT 

 

The events of an accident can be divided into three time phases: 

 

 *   Pre-crash.  

 *   Crash. 

 *   Post-crash. 

 

 

CAUSAL FACTORS 

 

Causal factors can also be grouped into three classes: 

 

 *   Human. 

 *   Vehicle. 

 *   Environment. 

 

PHASE-FACTOR MATRIX 

 

The nine-cell matrix formed by combining these factors and phases forms a convenient framework for 

analysing accidents. 

 

 HUMAN VEHICLE ENVIRONMENT 

PRE-CRASH    

CRASH    

POST-CRASH    

 

The probability of an accident occurring can be influenced by measures taken to influence the pre-

crash phase.  For instance, driver training, the design of vehicles with predictable handling properties 

and good brakes, and the provision of a road surface with good skid resistance are all factors which 

reduce the probability of an accident occurring. 

 

The severity of the injuries sustained can be influenced by measures taken to influence the crash 

phase.  For instance, the provision of seatbelts and the design of the roadside environment such that 

there are no rigid structures immediately next to the road, reduce the probability of a person being 

injured. 
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VEHICLE CRASHWORTHINESS 

 

That aspect of vehicle design concerned with reducing the probability of an accident occurring is 

commonly described as ‘primary safety’, whilst that aspect of vehicle design concerned with reducing 

the probability of a person being injured when an accident occurs is commonly described as 

‘secondary safety’ or ‘vehicle crashworthiness’. 

 

 

ENVIRONMENTAL CRASHWORTHINESS 

 

Similarly, that aspect of highway design concerned with reducing the probability of a person being 

injured when an accident occurs can be described as ‘environmental crashworthiness’. 

 

The nine-cell phase-factor matrix also forms a useful framework for considering who may be at fault in 

a legal context.   

 

 

For instance: 

 

 * Consumption of alcohol by a driver falls into the pre-crash/human cell. 

 * Failure of a brake valve which leads to loss of control under heavy braking 

falls into the pre-crash/vehicle cell. 

 * Low skid resistance which leads to a loss of control under heavy braking falls 

into the pre-crash/environment cell. 

 * Poor design of the fuel system such that there is petrol leakage and fire falls 

into both the crash/vehicle and post-crash/vehicle cells. 

 

Until relatively recently, the legal profession in this country has been concerned mainly with the 

consideration of the human factor in the pre-crash phase.  There is now, however, a growing 

awareness that vehicle and environment design are important and that those responsible for the 

design of the vehicle and the environment may be at fault when an accident occurs and a person is 

injured. 

 

 

RECORDING OF INFORMATION 

 
INTRODUCTION 
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There are three basic methods for recording information about accidents: 

 

 * Description. 

 * Measurement. 

 * Photography. 

 

 

WITNESS AND INVOLVED PARTY STATEMENTS 

 

Statements made by witness and involved parties are descriptive.  They may or may not be accurate.  

As already noted, they are what a person believes happened and this may not be what actually 

happened. 

 

 

 

 

 

The quality of ‘subjective data’ is influenced by the procedures used in interviewing.  When 

interviewing: 

 

 1) interview as soon as possible after the accident; 

 2) interview at the scene of the accident whenever possible; 

3) when interviewing a driver, go through the sequence of events at the scene, i.e. an 

action replay; 

 4) when interviewing a witness, position the witness at the point the witness was at 

when the accident occurred; 

 5) ask people to physically indicate where events took place, for instance if the injured 

party is a pedestrian, ask the witness to stand where the pedestrian stepped off the 

pavement into the road and to cross the road in the way the pedestrian was crossing 

the road; 

 6) if it is not possible to interview at the scene, then take an accurate plan and a 

comprehensive set of photographs with you so that the person being interviewed can 

indicate their position and the location and action of the involved parties. 

 

It is important to note where the person was when they saw the accident and it is often helpful when 

the matter goes to trial to have the person’s location noted on a scale plan of the accident site and to 

have photographs showing what the person could see from where they were. 
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SCENE INFORMATION 

 

Description alone is of little use for recording scene information.  Description with measurement is of 

more use.  Photography alone is arguably more use than description and measurement as 

measurements can be taken from photographs, whilst most useful is photography with description 

and measurement. 

 

For instance, a statement that there were tyre marks at the scene is of little use.  More use is the 

statement that there were skid marks 20 metres long at the accident site. 

 

Scene Measurement 
 

Measurements should be taken from a fixed point which can be identified later so that the location of 

items can be plotted on a scale plan of the accident site.  The use of a measuring wheel enables one 

person to quickly measure an accident scene to an acceptable level of accuracy. 

 

Perhaps the easiest procedure is to measure along the line of the road from a known fixed point, 

marking the edge opposite each point of interest and then to measure out at right angles to the line of 

the road to locate points of interest.  It should be noted that if measurements are being taken along 

the line of a curved road, it is important to note which kerb has been measured along, as the 

distances along the inside and outside of curves will be different. 

 

Scene Photography 

 

A set of photographs of the accident scene showing any marks on the road and damage to roadside 

objects should be taken as soon as possible after the accident.  When taking the photographs, a 

reference point should be included so that the location of the photograph can be subsequently 

identified.  Ideally, record the exact position that the photograph was taken from, by measurement 

from fixed points and the type of lens used. 

 

With good scene photography, it is possible to prepare a reasonably accurate plan of the accident 

scene from photographs.  Photographs should be taken at regular intervals showing each involved 

party’s approach to the accident site.  They should also be taken from the location of each witness to 

show the witness’ view. 

 

 

VEHICLE DAMAGE 
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Description alone is of little use for recording vehicle information.  Description with measurement is 

more use.  Photography alone is arguably more use than description and measurement as 

measurements can be taken from photographs, whilst most useful is photography with description 

and measurement. 

 

Vehicle Exterior Damage Measurement 
 

The damage to the exterior of the vehicle can provide information about the orientation and direction 

of travel of the vehicle at impact.  It can also provide information about the velocity change of the 

vehicle at impact. 

 

 

 

 

 

 

 

A suitable procedure for recording vehicle damage is: 

 

 • Set up a reference line at a known distance from some undamaged part of the 

vehicle. 

 • Note position of reference line with respect to undamaged points on the vehicle. 

 • Take measurements at regular intervals from the reference line to damaged area of 

vehicle to record the profile of the vehicle. 

 

The following diagrams show the basis of the measurement protocol for frontal impacts and side 

impacts.  

 

   

     

Frontal

 
 

         Side 

 

  

Peter Sorton RTA Investigation & Reconstruction          Page 17 of 42 



 

Side

 
 

 

In effect, a scale drawing of a section through the vehicle is being produced.  This should normally be 

done at the level of maximum damage, and also at the level of the bumper and sills. 

 

Vehicle Exterior Damage Photography 

 

Take square-on views of front, back and each side, and three quarter views of damaged area.  

Vehicles are often in confined spaces at the recovery garages and a wide angle lens will often be 

necessary in order to get the whole of the vehicle on one photograph. 

 

If possible, include a scale in the photographs.  A surveyor’s staff laid on the ground directly in front of 

the vehicle forms a good scale. 

 

The following diagrams show the locations from which photographs should ideally be taken for frontal 

impacts and side impacts. 

 

 

  

    

Frontal

 
 

 

 

    

Side

 
 

     

 

Vehicle Interior Damage Measurement 
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The amount of intrusion is needed when assessing seatbelt effectiveness, as intrusion compromises 

seatbelt performance.  The following measurements, at least, should be noted.  For frontal impacts: 

 

 • footwell to ‘B’ pillar. 

 • offside end of fascia to rear window base. 

 • nearside end of fascia to rear window base. 

 • centre of steering wheel to near window base. 

 • centre of steering wheel to front window top. 

 • centre of steering wheel to offside side window. 

 

For side impacts: 

 

 • interior width of vehicle at minimum width. 

 

 

 

 

Vehicle Interior Damage Photography 

 

Use a wide angle lens (24mm or 28mm) as this enables large areas of the interior to be seen on each 

photograph.  Take views through each door, window and from the rear looking forwards. 

The diagram below shows the locations from which photographs should ideally be taken. 

 

 

    

Frontal

 
 

 

 

SPEED ASSESSMENT IN VEHICLE TO VEHICLE IMPACTS 

 
INTRODUCTION 

 

The determination of the travelling speeds of vehicles involved in accidents is one of the most 

frequent exercises undertaken by an Accident Reconstruction Consultant. 
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The basic procedure consists of: 

 

 • calculating the travelling speed of the vehicle immediately after impact from 

consideration of the distance travelled post-impact. 

 • calculating the speed lost at impact from application of the principle of conservation of 

momentum. 

 • calculating the speed loss prior to impact from consideration of any pre-impact 

skidding. 

 

The velocity change of vehicles involved in accidents can also be calculated from consideration of the 

damage to the vehicles. 

 

The calculations of pre- and post-impact changes in speed are based on the equations of motion. 

 

After determining the speeds of the involved vehicles, the relative positions of the vehicles as they 

approached the accident site can be determined and an assessment can be made of the view that 

each of the involved parties would have had of the other party. 

 

Details of the general procedure followed when reconstructing a two vehicle accident can be found in 

Appendix B. 

 

EQUATIONS OF MOTION 

 

The final velocity ‘v’, the initial velocity ‘u’ and the distance travelled ‘s’ of a vehicle subject to an 

acceleration ‘a’ for a time ‘t’ are related by the following equations: 

 

  = u.t + 1/2.a.t2

   = u2 + 2.a.s 

   = u + a.t 

 

The equations of motion enable the change in speed of a vehicle to be calculated if the distance over 

which that speed change has occurred and the average deceleration are known. Equally, if the initial 

speed and stopping distance are known, the vehicle deceleration can be calculated. 

 

The average deceleration whilst skidding can be determined by carrying out test skids from a known 

speed and measuring the skid length, or by carrying out test skids in a vehicle fitted with a 

decelerometer. 
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SPEED FROM TYRE MARKS 

 

There are two types of tyre marks which can be used to give an estimate of the travelling speed of a 

vehicle.  These are: 

 

 • Skid marks. 

 • Yaw marks. 

 

The marks have different characteristics and the procedures used to calculate speed are different. 

 

 

 

 

SPEED FROM SKID MARKS 

 

Skid marks are caused when a vehicle is subjected to a level of braking which results in a wheel 

ceasing to rotate.  As the locked tyre slides along the road, marks are left on the road surface. 

 

The distance that a vehicle takes to stop is a function of its initial speed and the level of braking or 

deceleration.  The higher the initial speed, the longer it takes to stop for a given deceleration rate, the 

lower the deceleration rate, the longer it takes to stop for a given initial speed. 

 

Experimental testing has shown that the differences in the average deceleration of cars skidding to 

rest on dry roads are very small.  This is the basis of the procedures used by the police to calculate 

vehicle travelling speeds in accidents.  Test skids are conducted from a known speed, usually 30mph, 

and the stopping distance measured.  The deceleration ‘d’, of the vehicle can then be calculated using 

the formula: 

 

 d = v2/2.s 

 

  where: ‘v’  is the initial velocity of the vehicle. 

   ‘s’  is the stopping distance. 

 

Two test skids are normally carried out in order to ensure that an anomalous result has not been 

obtained. 

 

The travelling speed ‘vacc’ of the accident involved vehicle can then be calculated using the formula: 

 

 vacc = 2.d.sacc

Peter Sorton RTA Investigation & Reconstruction          Page 21 of 42 



 

  where:  ‘d’ is the deceleration rate determined from the test skids. 

    ‘sacc’ is the length of the skid marks left by the accident vehicle. 

 

The accuracy of the method depends on the method used to determine the achievable deceleration.  

The most accurate method is to carry out skid tests using the accident involved vehicle fitted with a 

chalk gun to identify the point at which braking commenced, and a radar speed gun which records the 

speed of the vehicle when the brakes are applied. 

 

In many cases, however, the accident involved vehicle is not able to be driven and a police car is then 

used for the tests.  If the vehicle is fitted with a chalk gun and a calibrated speedometer, a reasonably 

accurate assessment of the deceleration achieved by the accident involved car can be obtained. 

 

When tests at the accident site have not been carried out to determine the deceleration of a skidding 

vehicle, a range of values can be used which encompass the expected value and a range for the 

vehicle speed determined. 

 

 

SPEED FROM YAW MARKS 

 

There is a limit to the speed at which a vehicle can go around a curved path.  This ‘limit’ speed is 

determined by the radius of the curved path the driver is attempting to go around and by the 

coefficient of friction between the tyres and the road, i.e. by the skid resistance of the road surface. 

If a driver attempts to go round a curved path at too fast a speed, his or her vehicle will start to slide 

outwards and, if the road is dry, marks may be left on the road surface. 

 

These marks frequently have a characteristic ‘striated’ appearance. 

 

On a level road surface, the ‘limit’ speed, ‘v’, is related to the tyre - road coefficient of friction of the 

road surface, ‘µ’, and the radius ‘r’, of the curved path the vehicle is travelling around by the equation: 

 

 v = √µ.g.r 

 

  where ‘g’  is the acceleration due to gravity. 

 

The tyre road coefficient of friction can be determined by carrying out a skid test at the accident 

scene, as the tyre road coefficient of friction determines the deceleration of a skidding vehicle. 

 

 

SPEED FROM VEHICLE DAMAGE 
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When a vehicle strikes another object, a force acts between the vehicle and the struck object.  That 

force continues to act until the vehicle and object, which may be another vehicle, have matched 

velocity, or in the case of a vehicle to solid object until the vehicle has been brought to rest.   

 

The damage to the vehicles is a function of how long the force acts on the structure and on the 

relative stiffnesses of the involved structures. 

 

 

 

 

 

Experimental tests have enabled the stiffnesses of different vehicle types in various accident 

configurations to be determined.  If the deformation of the vehicle, and the force deformation 

relationship applicable to the vehicle type, are known, it is possible to calculate the deformation 

energy.  This can then be used, in conjunction with the vehicle masses, to calculate the velocity 

change of the vehicle. 

 

This principle forms the basis of the ‘Crash’ program, a computer program developed in the United 

States for calculating velocity changes to vehicles involved in accidents.  Necessary minimum data for 

the ‘Crash’ program to be run are the deformation profiles for each vehicle, the direction and line of 

action of the impact force, and the masses of the vehicles involved. 

 

 

SPEED FROM TACHOGRAPH CHART ANALYSIS 

 

Virtually all heavy goods vehicles are fitted with tachographs and detailed analysis of the tachograph 

chart may provide data on: 

 

 • the travelling speed of the vehicle immediately prior to the accident; 

 • whether or not there was any braking prior to the accident occurring; 

 • the speed of the vehicle at impact; 

 • the route taken by the vehicle. 

 

 

THE MOTION OF THE STRUCK PEDESTRIAN 

 
INTRODUCTION 
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When a pedestrian is struck by the front of a car or light van, and this is the most common type of 

pedestrian accident, the first contacts are between the pedestrian’s legs and the bumper and/or the 

front edge of the bonnet; the actual structures contacted being dependent on the vehicle’s front 

shape.  The location of the contacts on the pedestrian’s legs depends on the relative heights of the 

pedestrian and the vehicle front structures.  For instance, a young child will receive a blow on the 

upper leg from the bumper and a blow on the torso from the front edge of the bonnet, whereas with an 

adult the bumper strikes the lower leg and the front edge of the bonnet strikes the upper leg. 

 

 

 

 

The initial contacts between the bumper and/or the front edge of the bonnet result in the pedestrian 

being pushed forwards and at the same time to rotate about a horizontal axis: these two types of 

motion are called translation and rotation, and the relative amounts of each determine the actual 

motion of the pedestrian. 

 

 

INFLUENCE OF CHANGE IN HEIGHT OF FIRST CONTACT 

 

Should the first contact be low on the pedestrian’s legs, the pedestrian will receive a relatively large 

amount of rotational motion and a small amount of translation, the head moving in towards the 

vehicle. 

 

As the position of the initial contact on the pedestrian’s body moves away from the ground, there is a 

reduction in the amount of rotation and an increase in translation until a stage is reached where the 

immediate post-impact motion is pure translation, i.e. the pedestrian is simply pushed forwards.  

Increasing the height of the contact still further results in there again being rotation but now the 

pedestrian’s head moves away from the vehicle. 

 

 

INFLUENCE OF INCREASING IMPACT SPEED 

 

At low impact speeds and by this it is meant less than about 20km/h (121/2mph), the contacts to the 

bumper and leading edge of the bonnet will frequently be the only contacts and there will be little or 

no damage to the vehicle, the contacts often resulting in only surface cleaning marks to the vehicle. 

 

At higher speeds, the pedestrian angulates and slides over the front edge of the bonnet, the head and 

upper torso dipping down to strike the vehicle.  The exact location of this second contact on the 

vehicle depends mainly, for current vehicle designs, on the height of the pedestrian relative to the 

bonnet leading edge height, on the bonnet length and on the speed of the vehicle at impact; the slip of 
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of the pedestrian over the front edge of the vehicle increasing with increasing impact speed. 

 

Children’s heads generally strike the top surface of the bonnet, whereas adults’ heads strike further 

back, often in the windscreen and windscreen frame area. 

 

If the impact speed is sufficiently high for there to be a head contact with the bonnet, windscreen or 

windscreen frame, the impact forces are such that there is normally physical damage to the vehicle. 

 

At very high impact speeds, and by this it is meant above 60km/h (371/2mph) an adult pedestrian will 

generally rotate about the head contact with the vehicle, the body often angulating about the leading 

edge of the roof and the legs dipping down to strike the top surface of the roof. 

 

Due to the forces applied to the pedestrian by the striking vehicle, the pedestrian is accelerated up 

towards the speed of the vehicle. 

Should there be braking during the impact, and this is the most common situation, the pedestrian first 

matches velocity with the vehicle and then, as the vehicle slows, flies through the air in advance of the 

striking vehicle before being brought to rest after striking the ground. 

 

 

COMPUTER SIMULATION OF AN ADULT PEDESTRIAN STRUCK AT 40KM/H BY A VEHICLE 

UNDER 0.7G DECELERATION 
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The sequence shows the position of the pedestrian and vehicle at 25millisecond intervals.  The 

pedestrian is a 50%ile adult male. 

 

If, however, there is no braking during the accident, or braking does not occur until a very late stage, 

the pedestrian may pass over the top, or down the side of the vehicle rather than being projected in 

front of the vehicle. 

 

Each of the vehicle contacts and ground contacts may, and frequently do, cause injury. 

 

It will be appreciated from the foregoing that pedestrians are not normally ‘run over’ but are ‘run 

under’.  The former is comparatively rare unless the pedestrian is lying in the road before impact or 

there is such a low level of braking, or no braking, that the vehicle catches up with the pedestrian after 

the pedestrian has landed on the ground. 

The struck pedestrian finally comes to rest some distance from the point of impact and this distance, 

commonly called ‘throw distance’, has been found to be a function of the location of the pedestrian’s 

initial contact with the vehicle, the impact speed of the vehicle and the vehicle deceleration during the 

time that the pedestrian is in contact with the vehicle. 

 

Three stages in the struck pedestrian’s motion can be identified.  These are: 
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 1) contact with the vehicle; 

 2) flight through the air; 

 3) contact with the ground. 

 

 

SPEED ASSESSMENT IN VEHICLE TO PEDESTRIAN IMPACTS 

 
INTRODUCTION 

 

When a pedestrian is struck by the front of a vehicle, forces act between the vehicle and the 

pedestrian which result in the pedestrian being accelerated up towards the speed of the vehicle, and 

in the pedestrian being projected along the road in the general direction that the vehicle is travelling 

in.  Research has shown that there is a good correlation between the travelling speed of the vehicle at 

impact and the distance that the pedestrian is projected along the road from the point of impact, the 

higher the impact speed the greater the ‘projection’ or ‘throw’ distance. 

 

These impact forces may result in injury to the struck pedestrian and in damage to the vehicle. 

 

Thus, in theory, information about the speed of the vehicle at impact can be obtained from: 

 

 • the distance between the point of impact and the final rest position of the pedestrian. 

 • the damage to the vehicle. 

 • the injuries sustained by the pedestrian. 

 

In addition, if the distance travelled by the vehicle post-impact is known, the maximum possible speed 

of the vehicle at impact can be calculated from consideration of the maximum deceleration achievable 

by the vehicle.   If, however, skid marks have been left by the vehicle, the actual speed of the vehicle 

rather than the maximum possible speed can be calculated if tests are carried out to determine the 

deceleration of the vehicle whilst skidding. 

 

Thus, information about the speed of the vehicle can also be determined from the involved vehicle’s 

stopping distance.  Speed estimates obtained from skid mark analysis are generally more accurate 

than those made from consideration of ‘throw distance’, whilst speed estimates made from 

consideration of ‘pedestrian throw distance’ are generally more accurate than those made from 

consideration of vehicle damage and pedestrian injury. 

 

Although witnesses and involved parties may provide information about speed, witness and involved 

party estimates of impact speed are rarely accurate in cases where there is pre-impact braking. 
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ASSESSMENT OF IMPACT SPEED FROM VEHICLE STOPPING DISTANCE 

 

If the location of both the point of impact and the final rest position of the vehicle is known, the speed 

of the vehicle immediately after impact can be calculated using the formula: 

 

 VPI = √2.d.SPI

 

  where: ‘VPI’ is the immediate post-impact velocity of the vehicle. 

   ‘d’ is the average deceleration of the vehicle post-impact. 

  ‘SPI’ is the distance travelled by the vehicle post-impact. 

 

There will have been some speed lost as a result of impact with the pedestrian due to momentum 

transfer.  The velocity of the vehicle at impact is related to the velocity post-impact by the equation: 

 

        MP
 V1 =  (1+ — .r).VPI

       MV
 

  where: ‘V1’ is the velocity of the vehicle at impact. 

   ‘MP’ is the mass of the pedestrian. 

   ‘MV’ is the mass of the vehicle. 

   ‘r’ is the fraction of the post-impact velocity of the vehicle to which the 

pedestrian is accelerated. 

   ‘VPI’ is the immediate post-impact velocity of the vehicle. 

 

The velocity at impact of a 1000kg vehicle striking a 75kg pedestrian who is accelerated up to a 

common velocity with the vehicle is thus 1.075times its immediate post-impact velocity.  Thus, had the 

immediate post-impact velocity been 30mph, the speed loss due to impact would have been 21/4mph 

and the velocity at impact 321/4mph. 

 

 

ASSESSMENT OF IMPACT SPEED FROM PEDESTRIAN THROW DISTANCE 

 

For pedestrians struck by the fronts of vehicles, there is a good correlation between impact speed and 

‘throw distance’, although there are small variations with pedestrian age and vehicle type.  Braking 

has also been found to influence ‘throw distance’ - the ‘throw distance’ of pedestrians struck by 

vehicles not braking at impact generally being greater than that for pedestrians struck by vehicles 

braking at impact. 

 

If the pedestrian is not struck a direct below by the front of the vehicle but only sustains a glancing 

blow from the front corner or side of the vehicle, the pedestrian will not be accelerated up to a 
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common speed with the vehicle and the ‘throw distance’ will be less than would be expected from a 

direct frontal impact. 

 

SEARLE (1993) developed equations which enable the maximum and minimum impact speeds for a 

given throw distance to be calculated, these equations being: 

 

  VMAX = √2.µ.g.S 

 

         2.µ.g.S 

  VMIN = √  ——— 

         (1+µ2) 

 

  where: ‘VMAX’ is the maximum velocity at impact. 

   ‘VMIN’  is the minimum velocity at impact. 

   ‘µ’  is the pedestrian to ground coefficient of friction, usually 

about 0.7. 

   ‘g’  is the acceleration due to gravity. 

   ‘S’  is the ‘throw distance’. 

 

Analysis of real world accidents by HILL (1994) showed that the probable impact speed in pedestrian 

accidents where the striking vehicle is braking very heavily at impact is about 1.15 the minimum 

impact speed given by SEARLE’s equation. 

 

Estimates of impact speed from vehicle damage normally have a wider range of possible values than 

estimates made from skid mark analysis. 

 

 

ASSESSMENT OF IMPACT SPEED FROM VEHICLE DAMAGE 

 

The higher the impact speed, the greater the slip of the pedestrian over the leading edge of the 

vehicle, and the further back from the front of the vehicle the extent of the contacts.  In addition, the 

higher the impact speed, the greater the damage to the vehicle. 

 

Although, in theory, the location and nature of the contacts should enable an assessment of impact 

speed to be made from the location of the pedestrian’s contact with the vehicle and the extent of the 

damage to the vehicle, there are in practice a number of confounding variables which make such 

assessments difficult.  Pedestrian orientation at impact, pedestrian height and weight all influence the 

forces acting whilst the pedestrian is in contact with the vehicle, and thus affect the location and 

nature of the contacts. 
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The assessment of impact speed from damage can be made if the reconstructionist has a library of 

cases in which impact speed is known from other factors and against which the damage to the case 

vehicle can be compared. 

 

It can potentially also be established from experimentally reconstructing the accident using a similar 

vehicle, or from sophisticated mathematical modeling. 

 

Estimates of impact speed from vehicle damage normally have a wider range of possible values than 

estimates made from throw distance. 

 

 

ASSESSMENT OF IMPACT SPEED FROM PEDESTRIAN INJURY 

 

Although there is a general relationship between impact speed and injury severity, the faster the 

impact speed the more severe the injuries, wide variations in the stiffnesses of vehicle structures and 

in particular human tolerance to impact result in it being extremely difficult to assess impact speed 

from injury severity. 

 

Estimates of impact speed from pedestrian injury normally have a wider range of possible values than 

estimates made from consideration of vehicle damage. 

 

 

ASSESSMENT OF IMPACT SPEED FROM WITNESS AND INVOLVED PARTY STATEMENTS 

 

The assessment of speed by witnesses is generally not as reliable as that from physical evidence 

such as skid marks and throw distance. 

 

The best estimates come from drivers of following vehicles, and even those people have difficulty in 

assessing impact speed when a vehicle is braking. 

 

ASSESSMENT OF TRAVELLING SPEED 

 

The most reliable assessments of travelling speed are those made from skid mark analysis. 

 

When assessing the travelling speed of the vehicle from skid marks, allowance needs to be made for 

the speed lost at impact and also for the speed lost prior to the onset of skidding. 

 

It should be noted that the police normally ignore these two factors when calculating vehicle speed, 

and that police assessments of speed are normally minimum speeds rather than probable speeds. 
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The speed lost between the initial application of the brakes and the onset of the visible skid marks is a 

function of how quickly the brakes are applied, the speed loss prior to skidding being given by the 

equation: 

 

  ∆V = 1/2.d.t 

 

  where ‘∆V’ is the speed loss prior to skidding. 

   ‘d’ is the vehicle deceleration at the onset of skidding. 

  ‘t’ is the time between the onset of braking and skidding. 

 

Typically, where a driver brakes very hard very quickly on a dry road surface, the elapsed time 

between braking and skidding is about 0.1second and a deceleration of about 0.7g is achieved.  This 

equates to a pre-skidding speed loss of about 11/2mph. 

 

If there are no skid marks, then all that can be said is that the travelling speed of the vehicle on the 

approach to the accident site will be equal to or greater than the impact speed. 

 

 

 

 

IMPACT SPEED AND INJURY SEVERITY 

 
INTRODUCTION 

 

Research carried out in this country in the late 1970’s showed that there is a strong correlation 

between impact speed and injury severity for pedestrians struck by the fronts of vehicles, the faster 

the speed of the vehicle at impact, the more severe the injuries sustained by the struck pedestrian 

(ASHTON & MACKAY 1979, ASHTON 1982). 

 

The research showed that, for the population as a whole, pedestrians struck at speeds of less than 

15mph are more likely to sustain minor injuries than no minor injuries, whilst pedestrians struck at 

impact speeds of more than 20mph are more likely to sustain non-minor injuries than minor injuries.  

The majority of the pedestrians struck at impact speeds less than 30mph survive, whilst at impact 

speeds above 35mph the majority die. 

 

AGE EFFECTS 

 

Peter Sorton RTA Investigation & Reconstruction          Page 31 of 42 



The above threshold speeds are for the population as a whole.  Age, however, has an influence on 

injury severity, elderly pedestrians being more likely to sustain non-minor injuries and to die from 

those injuries than younger pedestrians for the same impact conditions. 

 

The threshold speeds for the transition from mainly minor to mainly non-minor injuries, and from 

mainly survivable to mainly fatal injuries, are thus higher for children and lower for elderly adults than 

for the population as a whole. 

 

This research was a major factor leading to the introduction of 20mph speed limits and traffic calming 

measures in urban areas and also formed the basis of the recent road safety campaign ‘Kill Your 

Speed - Not a Child’. 

 

OSBORNE -v- CAMPBELL 

 

In a case at Nottingham Crown Court in September 1993 (OSBORNE -v- CAMPBELL) in which a 

5 year old girl sustained very serious head injuries as a result of being struck by a motor car which 

was probably travelling at about 25mph when impact occurred, Mr Justice OWEN found that if the 

driver of the involved car had been keeping a careful lookout as he approached the accident site, he 

could have slowed to less than 15mph prior to reaching the point where impact occurred, and that 

had he done so, the struck pedestrian would, on a balance of probability, have sustained minor 

injuries. 

 

IMPACT SPEEDS AND INJURY SEVERITY DISTRIBUTION FOR PEDESTRIANS STRUCK BY 

THE FRONTS OF CARS AND LIGHT VANS 
 

    
 

OSBORNE -v- CAMPBELL is an important judgment as it establishes the concept that for 

pedestrians, injury severity is related to impact speed, and also that there is a critical speed below 

which serious injuries are unlikely to occur. 
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PEDESTRIAN TRAVELLING SPEEDS 

 
Whilst witnesses and involved parties may give a verbal description of the way the pedestrian was 

crossing the road, speeds are needed when carrying out an accident reconstruction. 

 

In Research on Road Traffic (HMSO 1965), it was reported that the average walking speed of adult 

pedestrians on level ground was about 3.4mph (5fps) and that age and sex influenced walking speed. 

 

It was further noted that the above speeds are only likely to be the pedestrian’s speed in the absence 

of any approaching vehicle and that approaching vehicles cause the pedestrian to speed up. 

 

It is therefore important to establish if the pedestrian saw the approaching vehicle and if so what the 

pedestrian did in response to seeing the approaching vehicle. 

 

 

 

 

 

PEDESTRIAN WALKING SPEEDS 

 

______________________________________________________________ 

 AGE & SEX    WALKING SPEED 

     MPH  FPS  M/S 

______________________________________________________________ 

Men <55 years   3.7  5.4  1.7 

Men >55 years   3.4  5.0  1.5 

Women <50 years   3.1  4.5  1.4 

Women >50 years   2.9  4.3  1.3 

Women with small children  1.6  2.3  0.7 

Children >6 years and <10 years 2.5 3.7  1.1 

Adolescents    4.0  5.9  1.8 

______________________________________________________________ 

HMSO (1965) 

 

PEDESTRIAN SPEED AS A FUNCTION OF PROXIMITY OF APPROACHING VEHICLE 

 

______________________________________________________________ 

Peter Sorton RTA Investigation & Reconstruction          Page 33 of 42 



      WALKING SPEED 

     MPH  FPS  M/S 

______________________________________________________________ 

Vehicle >8 seconds away  2.7  4.0  1.2 

Vehicle >6 seconds away  2.8  4.1  1.2 

Vehicle >4 seconds away  3.2  4.7  1.4 

Vehicle >2 seconds away  4.4  6.5  2.0 

______________________________________________________________ 

HMSO (1965) 

 

A very large percentage of pedestrian accidents involve young children and the running speeds for 

children are particularly helpful.  W F Botting, in 1988, timed children running over 5 metres and 

50 metres.  Five year olds covering the shorter distance achieved a speed of 9.8 feet per second and 

over 50 metres 13 feet per second.  Eleven year old boys achieved speeds of 11.7 feet per second 

over the shorter distance and 17.9 feet per second over the longer distance. 

 

An 11 year old boy would cover the entire width of an average single carriageway road in well under 

2 seconds. 

 

TIME DISTANCE ANALYSIS 

 
Frequently, Accident Reconstruction Consultants are asked what would have happened had an 

accident involved driver been travelling at a lower speed or had reacted more quickly. 

 

Had the involved driver been travelling at a lower speed then he was actually travelling at, he would 

have travelled a shorter distance whilst reacting and would have needed a shorter distance in which 

to stop once the brakes had been applied. 

 

There is thus for any given approach speed, a lower speed, all other things being equal, below which 

a driver can stop prior to reaching the point where the accident occurred.  By ‘all other things being 

equal’, it is meant that the driver was at the same point along the road when he started to react, that 

his reaction time was the same, the only difference in his actions being that he was travelling at a 

lower speed. 

 

It is not, however, necessary for a driver to stop for an accident not to occur - all that is required is for 

a driver to take sufficiently longer to reach the point where the pedestrian is crossing the road for the 

pedestrian to have cleared the path of the vehicle before the vehicle reached the pedestrian. 
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There is thus for any given approach speed, a lower speed, all other things being equal, below which 

an accident would not have occurred as the pedestrian would have cleared the path of the vehicle 

prior to it reaching the point where the pedestrian was crossing the road. 

 

Similar arguments apply to the question of reaction time.  Had a driver reacted earlier, he would have 

had longer in which to brake prior to impact occurring and would thus have taken longer to reach the 

point where impact occurred and would have been travelling at a lower speed at that point. 

 

Whilst it is a matter for a Judge to decide a driver’s approach speed, and whether or not that speed 

was an appropriate speed, collision mathematics can assist the court with an assessment of what 

would have happened had the involved driver been travelling at a lower speed than he was actually 

travelling at and thus assist the court in determining whether an accident would  have occurred had 

the involved driver been travelling at an appropriate speed. 

 

Time distance analysis is the tool which enables such questions to be answered. 

 

 

 

DRIVER REACTION TIME 

 
QUANTIFYING TIME 

 

The Highway Code is a document consistently relied upon by the Courts in road traffic cases.  In 

particular, the table of stopping distances at Rule 57 is used to quantify the likely distance travelled by 

a car during the thinking and braking time. 

 

The Highway Code suggests a ‘national average’ reaction time equivalent to 1 foot travelled per mile 

an hour.  This converts to 0.68 second.  The Department of Transport will say that the figure used in 

the Highway Code is simply a convenient rule of thumb method of calculation without any scientific 

foundation. 

 

When the distances were introduced, the Government’s current research was suggesting laboratory 

reaction times of 0.5 second and realistic reaction times under real driving conditions of at least 1.5 

seconds. 

 

The Department of Transport at this time, when designing new roads, assumes a reaction time of 

between 2 and 2.5 seconds.  It must be appreciated that this apparently excessive time is the longest 

realistic time for a driver reacting to a more subtle stimuli, such as the presence of brake lights on a 
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motorway a considerable distance ahead.  Drivers reacting to a child running out into the road in a 

busy urban street should be achieving times well below 2 to 2.5 seconds. 

 

In 1971, Johansson and Rumar informed drivers that during the next 10 kilometres they would hear a 

loud horn at the side of the car and that when they heard it they should brake as quickly as possible.  

Reaction times were found to vary from 0.3 second to 2 seconds, with a median time of 0.66 second.  

Further tests showed that the reaction time in an unexpected situation was about 1.35 times that in an 

expected situation.  Applying this correction factor to the results obtained indicates a median reaction 

time of about 0.9 second for an unexpected situation.  Barrett, Kobayshi and Fox, in 1968, used a 

driving simulator to test driver response to an unexpected event and found that reaction times varied 

between 0.8 second and 1.3 seconds. 

 

 

 

 

 

 

 

An elegant series of tests were carried out to evaluate the effectiveness of anti-lock braking systems, 

by Wallrich and Schindler in 1987.  In these tests, the drivers were told prior to the start of the test that 

something may happen in the test which would require braking and/or steering action.  During the 

tests, polystyrene pedestrians were projected into the path of a vehicle.  The road surface was damp.  

It was found that reaction times for the first attempt were longer than for a second attempt, and that 

for both braking and steering inputs, the mean reaction time was about 0.9 second for braking and 

about 1 to 1.1 seconds for steering.  Males had shorter reaction times than females.  It was also 

found that in the car with the anti-lock braking, drivers braked at a higher deceleration rate. 

 

 

WHEN SHOULD A DRIVER REACT? 

 

In discussing pedestrian travelling speeds, I commented upon how a boy could run across the entire 

width of a carriageway in a time of under 2 seconds.  If realistic driver’s reaction time is approaching 1 

second, then in many cases he will have insufficient time in which to carry out any braking prior to 

impact.  Even under ideal conditions, only fractions of a second may be available for braking.  From 

30 miles per hour, including the reaction time, the overall time to brake to a halt will be almost 3 

seconds.  Only where a pedestrian walks across the road normally from the offside of the road will a 

driver have sufficient time in which to brake to a halt.  Having said that, it is not always necessary for 

a driver to stop prior to reaching the point of impact.  Early braking, producing a reduction in speed, 

will often give a pedestrian sufficient time in which to clear the path of the vehicle. 
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There will be very many cases where a pedestrian is clearly visible before he or she enters the road.  

A child may be visible running across a wide grass verge towards the carriageway for some seconds 

prior to the child actually running out into the road.  Should a driver react before the child enters the 

road?  The Courts say he should. 

 

What about the adult pedestrian standing at the carriageway edge, apparently with the intention of 

crossing the road but looking towards the approaching vehicle?  Should a driver begin to brake before 

the pedestrian actually steps out?  What action should he take?  Should he give a horn warning, 

despite the pedestrian apparently having observed the approaching car? 

 

I would argue that, under these conditions, the driver should remove his foot from the accelerator and 

be prepared to brake and, at the same time, should move further out from the kerb.  I do not believe 

that he should begin braking at this stage. 

 

What about the pedestrian who crosses half of the road, stops in the middle of the road and looks 

towards the on-coming vehicle?  Should he be treated any differently to the pedestrian standing on 

the kerb edge? 

THE NIGHT-TIME CONSPICUITY OF PEDESTRIANS & VISIBILITY DISTANCES 

 
In my experience, the Courts will almost always find that a driver who cannot stop within the distance 

he can see to be clear at night is negligent.  Whilst of considerable relevance to pedestrian accidents, 

it is worthwhile considering in general terms the range of vision afforded by motor car headlights. 

 

On most dual carriageways and all motorways in the United Kingdom, the speed limit for motor cars is 

70 miles per hour.  The Highway Code suggests that the overall stopping distance from this speed is 

about 96 metres.  With a longer reaction time, the overall stopping distance would increase to 

something in excess of 100 metres in dry conditions and a considerably greater distance under wet 

conditions. 

 

A motor car equipped with modern lighting, properly adjusted and in clean condition, will illuminate the 

road ahead for about 65 metres where the lights are on dipped beam.  In simple terms, most of us will 

drive on motorways and dual carriageways at a speed at which we could not stop should an 

unilluminated object be positioned in the carriageway ahead of our vehicle. 

 

The presence of vehicles travelling in the opposite direction will also significantly affect night-time 

visibility.  The glare of approaching vehicles’ headlights can be particularly acute.  When attempting to 

view an object directly in front of a vehicle or to the nearside, the range of vision can be reduced to 35 

to 50 metres, as against 65 metres with dipped beam headlights, when there is an approaching 

vehicle being driven on dipped headlights.  When the object to be viewed is in the centre of the road 

or to the offside of the centre of the car, the seeing distance reduces even further down to about 20 to 
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30 metres.  Where the object to be viewed is black in colour,  the seeing distance is even further 

reduced. 

 

Even in a 30 miles per hour speed limit, where there are no street lights, but good weather conditions, 

a pedestrian dressed in black clothing will simply not be visible at a distance which would allow a 

driver to bring his vehicle to a halt. 

 

 

MOTORCYCLE ACCIDENTS 

 
Accidents involving motorcycles form a disproportionately large percentage of the cases investigated.  

The speed of motorcycles and their poor conspicuity are major factors in causation.  Motorcyclists are 

rarely involved in minor accidents. 

 

It is difficult to calculate the speed of a motorcycle from the damage sustained by the machine, 

although in side impacts it is possible to measure the distortion of the front wheel and forks and 

compare this with the results of controlled crash testing.  Projected bodies and the distance travelled 

by motorcycles sliding on their sides can all assist in determining speed. 

 

Crash helmets are frequently submitted for examination.  It is not uncommon for a properly fitted 

crash helmet to become detached from the rider’s head in the accident and it is nearly always 

possible to determine whether the helmet was being worn properly when the impact occurred. 

 

 

SEATBELTS 

 
The introduction of the compulsory wearing of front seatbelts produced a dramatic reduction in the 

number of fatal and very serious injury accidents, although, at the same time, it produced a significant 

increase in minor injuries such as whiplash.  It is possible to examine a seatbelt to determine whether 

this was being worn at the time of the impact, assuming that significant deceleration occurred at the 

moment of impact. 

 

Seatbelts dramatically reduce the level of injury in frontal impacts, although they are much less 

effective in side impacts.  At combined impact speeds in excess of 90 miles per hour, the intrusion 

into the vehicle structure may nullify the benefit of wearing the belt.  Even when wearing a properly 

adjusted belt, it is commonly found that the driver will come into contact with the steering wheel. 
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Seatbelt failure is not unusual.  This is normally caused not by a manufacturing defect but as a result 

of overloading, either in a very high speed impact or, alternatively and more commonly, where the 

seatbelt sustains a double load as a result of an unbelted rear seat passenger moving forwards. 

 

The introduction of the compulsory wearing of rear seatbelts will dramatically reduce the injuries 

sustained by belted front seat occupants. 

 

 

OCCUPANT EJECTION 

 
Almost without exception, the occupant of a vehicle ejected during an accident will sustain disabling 

or fatal injury. 

 

Despite extensive research, there are no recorded incidents of a properly belted occupant being 

ejected in an accident.  Belted occupants of vehicles involved in multiple roll-over frequently escape 

with only minor injury. 

 

Whilst the reduction in damages by 20% to 25% as a result of the failure of a vehicle occupant to 

wear a seatbelt may be appropriate in car to car accidents, this grossly under-estimates the value of 

wearing a seatbelt in roll-over accidents or where an occupant would otherwise be ejected. 

 

 

FAILURE OF VEHICLE COMPONENTS 

 
Common allegations of an accident occurring as a result of component failure are rarely supported 

when an examination is carried out.  Whilst it is not uncommon to find worn tyres, worn steering or 

partially defective brakes, the complete and catastrophic loss of steering and braking is a very rare 

occurrence. 

 

The failure of tyres under high speed driving is more common.  This will occasionally occur as a result 

of a manufacturing defect but will be more commonly caused by incorrect tyre pressures or 

unidentified internal structural damage resulting from a kerb strike.  Even at relatively modest speeds, 

a vehicle being parked on a footpath and driven up the kerb at, say, 4 to 5 miles per hour will cause 

damage to the internal structure of the tyre. 

 

Tyre failure occurs most commonly on motorways after extended periods of driving.  Low tyre 

pressures can result in waves passing through the tyre which eventually destroy the structure.  An 

under-inflated tyre will become grossly over-heated and will also disintegrate. 
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LIGHT BULB EXAMINATION 

 
It is often possible to determine whether a light was illuminated at the time of an accident.  When the 

glass envelope of the light bulb fractures, the filament and supporting post oxidize, leaving white 

deposits.  Small particles of glass can be found adhering to the previously hot filament and, in 

extreme cases, the glass will melt.  A filament which thins as a result of hot stretching, before 

fracturing, is a further indication that it was illuminated at the time of the accident. 

 

It is more difficult to determine whether an indicator bulb or brake light bulb was operating at the time 

of the accident, due to the insufficient time available for heating of the filament. 

HIGHWAY DEFECT AND CONDUCT OF ROADWORKS 

 
The design, construction and maintenance of all roads is subject to strict regulations and guidelines 

issued by the Department of Transport in England and by the Scottish Development Department in 

Scotland.  Even where minor roads are not the responsibility of the Department of Transport, certain 

standards can be expected of the relevant Highway Authority or the contractors acting as their agent. 

 

One common cause of many accidents is the loss of control of a vehicle whilst travelling along a 

section of road which has recently been re-surfaced.  It is commonly found that an excess of 

chippings are left by the contractors and that the advance signing of the work is inadequate. 

 

Roadworks are frequently poorly signed or the traffic management system fails to meet the criteria 

laid down by the Department of Transport.  It is fairly straightforward to compare the signing and 

management system of roadworks with the requirements set down in the Traffic Signs Manual 

published by the Department of Transport. 

 

RECENT CASE LAW RELEVANT TO HIGHWAY AUTHORITY CASES 

 

It is relevant to briefly comment upon the recent House of Lords judgment in the case of Stovin -v- 

Wise and Norfolk County Council.  In simple terms, the court found that a Highway Authority are not 

under an obligation to improve a particular junction or section of road.  In the particular case, the 

Highway Authority concerned had identified the need to carry out improvements at a junction, but for 

a variety of reasons had not carried out the work when the Claimant’s accident occurred. 

 

The House of Lords has also considered whether a Highway Authority is under a duty to apply salt to 

road surfaces during the winter months.  In the case of Good -v- West Sussex County Council an icy 

road surface had been treated, but fairly late in the day.  The Law Lords decision in this case was as 
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robust as in the Stovin case in as much as they ruled that a Highway Authority are not under an 

obligation to treat an icy road surface during the winter months. 

 

The Stovin decision appears to support a defence that whilst under a duty to maintain roads within its 

area (under the Highways Act), a Highway Authority is not under an obligation to improve any 

particular road.  The House of Lords judgment also appears to support the Highway Authority view 

that they must balance financial considerations against road safety considerations.   
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APPENDIX A - CHECK LIST OF INFORMATION TO BE COLLECTED 

 
HUMAN 

 

• Sex, age, height, weight , outer clothing being worn at time of accident. 

• Physical disabilities, poor eyesight, deafness, difficulty in walking. 

• Presence and concentration of alcohol and drugs, note time after accident when 

measurement was taken and consider extrapolation to state at time of accident. 

• Use of protective devices - seatbelts, crash helmets. 

• Post-accident location of injured people. 

• Nature and location of injuries sustained, direction of impact forces necessary to cause 

injuries, residual disability. 

 

VEHICLE 

 

• Type of vehicle, vehicle speed limit, presence of tachograph chart - if fitted obtain and have 

analysed. 

• Mechanical state of vehicle - tyre tread and pressure, brakes, steering, lights, horn. 

• Loading of vehicle - weight of occupants and luggage, weight of load, maximum gross vehicle 

weight, overloading. 

• Post-impact location. 

• Damage to vehicle:  exterior damage - direct contact and induced damage: interior damage, 

intrusion, occupant contact. 

• State of restraint systems, seatbelts, air bags. 

 

ENVIRONMENT 

 

• The road - road width, horizontal and vertical alignment, gradient, camber, surface, road 

markings, signs, speed limit. 

• State of the road surface - smooth, polished, ruts, potholes: wet, dry, snow, ice, oil; skid 

resistance. 

• The weather - position of the sun, dazzle; type of precipitation - drizzle, light rain, heavy rain,  

snow; wind - strength, direction. 

• Illumination - day/night; lighting up time; location, type and state of street lights; dazzle from 

on-coming vehicles. 

• Sight restrictions - fixed objects, trees, street furniture, buildings, parked/moving vehicles. 

• Sight distances. 

• Marks on road surface - debris, scratch and gouge marks, skid marks.
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APPENDIX B - TWO VEHICLE ACCIDENT RECONSTRUCTION PROCEDURE 
 
1 Determine direction of main impact forces from consideration of vehicle damage. 

 

2 Determine relative orientation of vehicles at maximum engagement from consideration of damage, 

noting that impact forces are equal and opposite. 

 

3 Determine probable relative orientation of vehicles at first contact, taking into account rotation and 

possible sliding of vehicles against each other before maximum engagement. 

 

4 Establish probable position of vehicles on road at point of impact from consideration of any deviation in 

skid marks, gouge marks on road surface and location of debris, and from consideration of post-impact 

motion of vehicles. 

 

5 Determine probable velocities of vehicles immediately post-impact from consideration of distance 

travelled post-impact and probable post-impact deceleration using equations of motion. 

 

6 Estimate velocity change at impact from vehicle damage, using the ‘Crash’ program or similar 

procedure, and/or conservation of momentum. 

 

7 Determine probable velocity at impact from consideration of immediate post-impact velocity and velocity 

change at impact, and/or momentum conservation. 

 

8 Estimate velocity change prior to impact from pre-impact skid marks using equations of motion. 

 

9 Determine pre-accident velocity from consideration of impact velocity and pre-impact velocity change. 

 

10 Compare actual velocity with safe travelling speed for the road. 

 

11 Construct a scale plan of the accident site, showing probable pre-impact paths of vehicles and location 

of vehicles at time intervals prior to impact. 

 

12 Establish point of possible perception and point of action (braking and/or steering). 

 

13 Compare elapsed time between point of possible perception and point of action (perception-reaction 

time) and compare with expected reaction time for alert driver. 

 

14 Consider what would have happened had the driver: 

 • been travelling at a lower speed.   

 • reacted in a timely way. 
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