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1.
INTRODUCTION

The latest Home Office Statistics (reference 1) show that between 1981 and 1990, there has been an steady increase in the number of fires which were caused deliberately, or- believed to have been caused deliberately, especially in dwellings. Indeed, the latest statistics show that 15% of fires in dwellings and 31% of fires in other occupied premises were believed to have been started deliberately.

A recent review of fires investigated by my firm has revealed that out of a total of 1,000 cases, 46% were referred to us because our clients, who were mostly insurance loss adjusters, believed that the fires may have been started deliberately.  Positive forensic evidence of arson was found in almost 80% of those cases which were already under suspicion by our clients.  Whilst the rate of success in detecting arson was high, there were few instances where the physical evidence was sufficiently strong to assist in identifying a likely perpetrator.  I shall deal more with this particular aspect of the investigation later.

2.
REASONS AND MOTIVES FOR ARSON

The various reasons and motives of arson may be broadly divided into the following categories:

1) To gain financially: Investigations carried out at the behest of insurance companies will need to establish as far as possible whether there is any evidence to indicate that the fire was started by assured persons, or their agents, for the purpose of financial gain.

2)
To conceal evidence of another crime, such as murder or theft.

3)
To destroy or protest: Perpetrators in this category may resort to wilful fire raising in an attempt to 
attract attention to a specific cause which they support.  Fires in this category are often started 
during civil disorders.  Alternatively, the perpetrator may be someone who wishes to seek revenge, 
such as an employee who has been recently dismissed, or someone who has been made to feel 
that they have lost status or that they are inadequate.  It is quite often found in these cases that the 
perpetrator makes no attempt to conceal the fire which may have been started during a fit of anger.

4)
To become a hero: Perpetrators of fires in this category are usually those who do not get sufficient 
satisfaction or excitement from their work, or feel a need to be recognised by others in the 
community.

5)
To fulfill a need: More often than not, the perpetrator is found to have a mental disorder, for example 
those who receive, mental or sexual stimulation from witnessing a fire

6) Boredom:

3.
THE SCENE INVESTIGATION

The suggested investigation plan should, as with any scientific investigation of this kind, involve a preliminary examination of the scene without further disturbance, and interviewing readily available witnesses leading to an initial view as to the likely area of origin of the fire (see references 2 to 4).

Secondly, a systematic and more detailed examination of the scene, involving disturbance where necessary, and obtaining further witness evidence together with relevant documentary information should be conducted so that a view may be formed as to the material which became ignited and the source of ignition.  Aspects of security should also be dealt with at this stage.

It is proposed not to rehearse the detailed approach to the investigation of fires in this paper, as the subject has been dealt with in another lecture.  If it is concluded as a result of a detailed investigation that the pre-fire scene does not contain material of sufficient igniteability to account for the origin of the fire, the possibility that igniteable material had been introduced in liquid or solid form, must be considered and traces sought.  Similarly, if it is concluded that the pre-fire scene does not contain an adequate source of ignition, the possibility of human intervention must be further examined.

Arson may be suspected especially if

a)
there is evidence of a forced entry having been made to the building, other than that which can be accounted for by Fire Brigade activity;

b)
there is evidence of more than one independent area of origin of the fire;

c)
the development of the fire was unusually rapid;

d)
accidental causes of the fire can be positively eliminated.

Having regard to (c) due account must be taken of the contents and disposition of combustible material in the premises where the fire occurred.  For example, a high concentration of readily combustible material could give rise to an unusually rapid development of the fire in the early stages.  This happened in the Manchester Woolworths fire.  Similarly, fires in dwellings containing modern furniture upholstered with foamed plastic materials may reach the flashover stage within a few minutes, giving the impression of abnormally rapid fire spread leading to the suspicion that the fire was started deliberately and accelerated by other combustible material introduced to assist ignition and fire spread.

It is unusual for a serious fire to develop rapidly following an explosion.  In such circumstances, the possibility that the spillage of a volatile flammable liquid, such as gasoline, occurred before the explosion should be considered.

3.1 DIAGNOSTIC FEATURES OF DELIBERATELY STARTED FIRES

A careful search of the debris should be made for evidence of the introduction of foreign materials. which may have been used by a perpetrator to assist in starting the fire.  Such material may be found in the form of a trail or use of combustible material, delayed ignition devices or simply the residues of a flammable liquid or the effects of a burning flammable liquid on surrounding areas.  If there is no evidence of the introduction of foreign materials, careful consideration should be given to the possibility that combustible contents of the premises were re-arranged into a form more conducive to rapid fire spread than in their original positions.  For example, stock stored on staircases leading from one storey to another in a warehouse or factory which was not normally kept in that position.

Burning flammable liquids cause well-defined char or scorch patterns on combustible floorboards and floor coverings.  Furthermore, well-defined patterns of discolouration on the surface of screed (concrete) floors can result, and under certain circumstances the concrete/screed may break up (spall) over an area originally covered by the pool of flammable liquid.  The discolouration in screed floors is indelible, and is caused by a chemical change in the material, details of which can be found in reference 5.

A flammable liquid which penetrates gaps in floorboards is likely to give rise to patterns of scorching or char on joists below.  Such damage must be carefully distinguished from similar damage which may arise when during the normal course of a fire, the floorboards are penetrated and the joists receive radiant heat from the fire above which causes well-defined patterns of charring.

Char patterns and patterns of damage in horizontal surfaces which escape actual contact with the flame of a burning pool of flammable liquid are caused by the effects of radiant heat from the flame above the pool.  As the dimensions of the pool reduce, more of the surface on which the pool was formed becomes charred.  Flames from alcohol fires have a low emissivity and consequently are more likely to produce surface scorching rather than ignition of combustible flooring.  On the other hand, flames from hydrocarbon fuels with a greater emissivity are more inclined to cause ignition of the floor. 

Once the flammable liquid has been consumed, a fire on the floor caused by the burning pool of flammable liquid may extinguish unless radiant heat is cast onto the floor by neighbouring materials which have also been ignited and are more

able to sustain fire by virtue of their composition, their construction or their orientation.  An upward facing horizontal surface is the
least favourable from the point of view of conserving heat and self sustained combustion.

Pool shaped patterns of burning can also be produced by the collapse of burning materials during the fire, or the burning of a small pile of loose items into which there is good ventilation.  The edges of patterns of burning formed in this way tend to be more diffuse and less well-defined than those produced by pools of burning flammable liquid.

Wherever the possible involvement of a flammable liquid is suspected, samples of debris should be taken and sealed in a suitable airtight container of metal or glass, or a nylon bag.  Details of sampling procedures and analytical techniques have been discussed in a previous lecture.  It is generally found that porous and absorbent materials, such as carpets and underlay, are the most fruitful from the point of view of recovering traces of residual flammable liquid.  In certain circumstances, dry heavily charred timber can adsorb residual hydrocarbon vapours which are retained on the sample, even though it may be exposed to relatively high ambient temperatures and good ventilation.  Such circumstances usually arise where the charred material falls onto a surface, such as a solid concrete floor, on which there are residues of a relatively involatile fuel such as diesel oil.

In any fire scene, an examination of areas which are not seriously effected by fire spread or primary fire damage should be examined as a matter of course and may yield rewarding evidence.  For example, unusual patterns created by the use of a flammable liquid which escaped from one compartment to another but did not ignite or give rise to serious fire development in that compartment may produce patterns of damage which could not possibly have been caused by normal fire- spread. Another example is a case  where a perpetrator. sets a number of delayed ignition devices in the premises, some of which do not operate.  These may be found in areas totally unaffected by the fire.

3.2 DELAYED IGNITION DEVICES

Delayed ignition devices are often constructed in such a way that they are consumed without trace during a fire.  Analytical techniques are available for identifying candle grease in fire_ residues (reference 6).  Suspicion of the use of pyrotechnic mixtures may stem from eye witness accounts of the early stages of fire rather than any gross characteristic sign in the debris.  For example, fast fire developments may be described, associated with unusual flame or smoke colouration.  As a matter of experience sensitive techniques such as mass spectrography tend to show an incredible assortment of trace elements from apparently quite normal fire debris.  This makes the identifications of pyrotechnic mixtures difficult and a careful comparison against standards must be made.

Some devices incorporate time delay mechanisms designed to prevent chemical ingredients of the device from mixing and igniting spontaneously.  For example, the separation of sulphuric acid and chlorate by a rubber diaphragm which slowly disintegrates through the action of the acid.  These days, timing devices can be very sophisticated and, if necessary-, can--be set to activate several weeks after the device was laid.

3.3 IDENTIFYING THE PERPETRATOR

Careful consideration of the way in which the fire was arranged may be very helpful in identifying the person or persons who set the fire.  In other instances, background circumstantial evidence such as unusual activities involving the occupiers of a premises prior to the fire, the removal of pets from the premises, the opaquing of windows overlooking public areas prior to the fire and so on, are all indications of a premeditated fire.

Where there is sufficient evidence to suggest that the fire was started by a keyholder, consideration may be given to the possibility that not all of the contents of the premises claimed to have been lost were present at the time of the fire.  Where there is extensive fire damage of an industrial premises, this investigation may simply involve counting non-perishable components of items claimed to have been present.  

Otherwise, more subtle evidence may be recovered, such as the existence or absence of patterns on surfaces which would be expected to have been protected from damage by the items in question during the fire.  Where premises are protected by a fire or intruder alarm system, an attempt should be made to determine whether the system was tampered with or not set.

Modern alarm panels often incorporate a memory chip which can be interrogated after a fire.  This will reveal the status of the alarm system at the material time, and reveal a large number of preceding actions such as opening and closing times, tamper signals, alarm signals etc.  Such information can be very useful in identifying the prepetrator of a deliberately set fire, and in at least one case which we have investigated provided crucial evidence during a high court trial.

4.
LEGAL PROCEEDINGS FOLLOWING THE INVESTIGATION

In some cases there is sufficient preliminary evidence available to make the Fire Brigade suspicious that a fire has been started deliberately, and the police are then involved at an early stage.  Scene examinations may be conducted by a Fire Brigade fire investigation team, police Scenes of Crimes officers or a scientist from one of the Home Office forensic science laboratories.  Police enquiries may lead to the identity of a person or persons suspected of starting the fire deliberately and the importance of the forensic evidence and other circumstantial evidence will be put to the test unless a confession is obtained.  In many cases, the Crown Prosecution Service will determine whether the evidence available is sufficiently strong to obtain a conviction, where the test of the evidence is that it shows "beyond reasonable doubt" that the suspect, or suspects, started the fire.

In civil litigation, insurers may wish to repudiate liability on the basis that the fire was started deliberately by the insured or by their servants or agents, for the purpose of gaining under the terms of the insurance contract.  Because of the seriousness of a Defence of this kind under the terms of the insurance contract, courts have tended to apply a test on the evidence which lies somewhere between "beyond reasonable doubt and" on the balance of probabilities".  Successful repudiations of this kind have been obtained in cases where there is no positive evidence to show that the fire was started deliberately, but in the light of all other circumstances, there is no other satisfactory explanation.

5.
PRECAUTIONS AGAINST ARSON

Much has been published on planning security against fire raisers.  A list of publications dealing with this subject is included in references.7 to 61.  Most of the publications describe a plan for management to improve security against the fire raiser, which includes the following measures

(i)
Keep out intruders;

(v) (ii)
Control access to a premises at all times;

(vi) (iii) 
Install and operate a system for the quick detection and extinction of fire;

(iv)
Deny fuel to the fire raiser:

(vii) Take care over recruitment and obtain employees collaboration:

(vi)
Consider layout of the premises with a view to. reducing the need for employees and others to pass through or close to areas of unavoidably high fire risk.
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