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Abstract 

This paper deals with the expertise of the evidence left by the fire produced indoors, as an efficient 

method to prove its origins and its directions of propagation. This problem is very important as 

worldwide, fires are the cause of important human and material losses. So, becomes more and more 

necessary to correctly understand this phenomenon both in order to prevent it and to understand its 

origins for judicial purposes. 
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Introduction 

 

The researches performed in the 

field highlighted the fact that annually all 

over the world, over 75000 fires are 

registered, this meaning one fire at every 7 

minutes. This scourge triggers off more 

losses than all other natural calamities. As 

a consequence, protection and fight against 

fires have acquired a particular 

importance. 

The risk of fire is the most frequent 

one manifested at the national level, its 

output representing an emergency situation 

of special type, phenomenon which affects 

important fields of activities belonging to 

the social and economical life, as well as 

constructions, appliances, building 

improvements, forests, means of 

transportation, agricultural crops, etc. 

Thus, safety in case of fire, have 

represented and it will be a major concern 

for each community
1
. 

                                                 
1
 The National Strategy of Emergency Situations 

Prevention adopted by the Government Decision 

The term ‘fire’ knows many 

definitions, with broader or narrower 

approaches, depending on the works it 

refers to.  

Thus, from a linguistic approach, 

the definitions are incomplete, the fire 

being considered “a big fire seizing and 

burning a building, a forest, partially or 

entirely” etc. or “a big fire ‘consuming 

something”. 

Given the already above mentioned 

definitions, one can easily learn that there 

is no clear distinction between the action 

on purpose of setting fire and the initiation 

of a fire because of some causes which do 

not involve the human action.  

The technical works in the field
2
 as 

well as the technical standards (ISO 

13943/2008) make the distinction between 

the notions of ‚setting fire’ and ‚fire’.  

                                                                       
no. 762/2008, published in the Official Monitor 

no.566/28.07.2008 , Point IV par.(4) 
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According to these works, the 

setting of fire is defined as a „burning 

process characterized by heat emission 

and effluents which are usually 

accompanied by smoke, flames, 

incandescence or a mixture of those” or a 

“burning fire (uncontrolled) self-

maintained which has not deliberately 

organized with a view to produce useful 

effects and whose propagation in time and 

space is not limited.” 

Consequently not every fire is being 

set on purpose. The defining element for a 

fire is its uncontrolled character of the 

burning process, as well as its unlimited 

propagation in time and space. For 

example, there are not fires the following: 

products burning in ovens or other similar 

equipments; burning under supervised 

control of the garbage, herbage, etc. 

Setting fire is considered from old 

times as a very serious deed, which brings 

about great damage, human tragedies, 

often resulting in infirmity and death. Even 

if the initial action wasn’t meant against a 

human life, through its aleatory and violent 

evolution, the fire puts into danger the life 

of the firefighters and of those taking part 

in the action of extinguishing or rescueing.  

From a juridical point of view, 

setting fire is an element of the objective 

side which characterises the crime of 

damaging and not only, being considered 

as an action/inaction which has as effect 

the burst of a fire.  

The complexity and particularity of 

investigating the fires is provided by the 

diversity of the types of fire, which have as 

the main classification criteria the way the 

burning was produced, the aim and the 

cause of the fire. The investigation of the 

fire causes represents an assembly of 

organizational, technical and operational 

actions which include specific methods, 

procedures and means with a view to 

establish the causes generating the fires, 

and if applicable, the perpetrators 

participating in the making of the fire.
3
 

The aims of the research activities 

on fires are:  

- establishing the ignition sources as 

well as the material which initially burned 

and of the circumstances under which the 

source and the combustible material came 

into contact;  

- the identification, if applicable, of 

the perpetrators and administration of the 

evidence in order to find the truth, with a 

view to take the appropriate measures, in 

compliance with law; 

- establishing the prevention 

measures in the future, of the fires 

produced by causes and circumstances 

similar or resembling those investigated. 

 The investigation of the fire causes 

has thus the role to highlight not only the 

ignition (initiation) source, but the other 

component elements of the causes abetting 

their taking place and evolution, the first 

material inflamed and its determinant 

circumstance, also analyzing all resulted 

data of subjective or objective nature of 

the persons involved in it.  

The investigation of a fire is a 

complex activity involving from the 

investigator’s part,  extended knowledge 

on material inflamation and on thermo-

dynamics of the fire, experience, sense of 

observation, analytical capacity, 

objectivity, good visual and auditive 

memory. 

The investigator must know the technical 

usable research means as adequate analysis 

and proof methods. 
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Although there are no two identical 

fires, because of the variable parametres, 

the scientific approach allows highlighting 

of some chain of general principles 

assuring the reproductibility of the 

phenomena. On the basis of the awareness 

of the burning principle, the characteristics 

of the combustible inflamation, laws of 

thermic transfer, principles of an indoors 

fire evolution, also of its forensics 

evidence, the investigator is able to 

evaluate a specific fire and establish the 

cause of the fire, its core place, the ignition 

source, the first material inflamed, the 

propagation direction, whether we deal 

with an arson and the arsonist, if 

applicable.  

One of the main aims of an 

investigator at crime scene is the 

identification, fixation and analysis of the 

fire impression.  

The fire impression is the 

macroscopic image of the assembly of 

modifications occured at  the fire scene 

following its effects on the fired space and 

of the materials within it, especially those 

produces by the intensity and time 

duration of the actions of flames, heat, 

smoke and hot gases. In other words, the 

fire impression stands for the assembly of 

traces (of visible effects and (sometimes) 

measurable) which remain after a fire: the 

destruction or thermodeterioration of 

combustible materials, collapses of 

building structures, thermical surface 

effects (carbonisations, oxidations, 

changes of colour), melts, dilatations, 

smoke and soot
4
 deposition etc. 

These traces created following the 

thermodegradation phenomenon are used 

for the reversed way reconstruction of the 
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propagation path of the fire, up to the place 

of the core of fire.  

The impression of the fire occurs 

on any surface exposed to the effects of 

burning and products of burning: interior 

and exterior surfaces, horizontal and 

vertical ones as well. The interior surfaces 

include: building construction elements 

(walls, floors, ceilings, beams, pillars) 

doors, windows, pieces of furniture, 

equipments, gadgets, pipes, etc. There are 

of great importance the electrical fittings, 

gas and extinction fitters. The exterior 

surfaces include walls, roofs, porches, 

water pipes, eaves, chimneys, sewers, 

culverts, reservoirs, but also utilities (for 

example distribution panel, electric 

meters). There are also included the 

surrounding neighbourhood units: 

neighbouring buildings, (wharehouses, 

garages, etc.) vegetation, trees, vehicles, 

utilities (transformers, reservoirs, etc), 

depositing places for garbage, etc. 

So we can establish that the fire 

impression may be of three types: 

- interior 

- exterior 

- from the neighbouring buildings 

The effects produced reflect the 

intensity and time length of the fire in that 

respective area. The greater the thermic 

fusing agent, the bigger the effects on that 

respective surface. The investigator must 

be aware that the intensity of the thermic 

radiation is variable during the fire, the 

size of the flame diminishing once 

finishing the pyrolysis products.  

The correct analysis of the 

impression allows the investigator to 

identify the fire area, the ignition source 

and the first ignited material and to 

determine the subsequent ways of 

propagation of the fire. The investigator 

must know the progress of fire in the first 
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phases (ignition, slow burning and fire 

development), but he also must not neglect 

the final phases, which can provide him 

with important clues on the thermical 

degradation of the structures and the 

materials involved
5
.  

 As mentioned above, there are no 

identical fires, with similar progress 

development. Subsequently, there is no 

pattern of impression, valid for all the 

fires. Although there are not two identical 

fires, nor two identical impressions, 

because of the variable parametres, the 

scientific approach, allows emphasising 

some general principles ensuring the 

reproducibility of the phenomena. The 

fundamental scientific principles of heat 

transfering and thermodynamics are 

constant, even if some burning conditions 

may vary. 

This phenomena reproducibility 

is at the basis of research on fires 

Even if there are specific and 

particular aspects, the generals laws of fire 

science assures the possibility of 

estimating the evolution and development 

of fire. Knowing the principles of 

burning of materials, fire propagation 

and heat transfer, the investigator may 

establish, on scientific basis, the causes 

of fire (the place of the core fire, the 

ignition source, the first ignited 

material)
6
. 

Each fire forms a specific 

impression, determined by the 

configuration of precincts, availability and 

arrangement of combustible, also 

ventilation. Thus, fires from indoor 

precincts often have very complex 

impressions, as a result of complex 
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configurations. Consequently, there may 

be encountered impressions which do not 

fit the patterns presented. The investigator 

must interpret them in compliance with the 

thermodynamics of the respective fire, for 

specific indicators (evidence) to that fire.  

There are more indicators 

(evidence), as mentioned above, which the 

investigator may use in the analysis of the 

fire impression. The reccommended 

method is to independently analyse at the 

beginning each evidence for determining 

the direction of propagation, intensity and 

time length of heat addition. Then it is 

analysed the assembly of the acquired 

results, identifying the similar elements.  

The research is further carried out 

on the direction which the majority of 

evidence indicate a likely area of the core 

fire. 

The identification of separation 

lines between the thermodegradation 

area and the unaffected one plays an 

important role, their correct 

interpretation allowing determinating of 

the characteristics and the placement of 

the combustible materials in the area, as 

well as the direction and way of fire 

propagation. The investigator must 

determine the areas (especially low areas, 

from the inferior level) of intense burning, 

which could indicate the core fire, as well 

as the propagation area of the fire.  

The impression is then generated 

when the thermic flow overtakes the 

thermic limit with a view to blight, 

melting, carbonizing, oxidation or igniting 

of the surface. In this respect, it is useful 

the identification of the separation lines 

between the areas thermically affected and 

those adjacent not affected or less affected. 

The generation of these separation 

lines depends on the material involved, the 

flow of the heat released, ventilation, 
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quantity and time of combustible exposure 

to heat. The separation lines are provided 

by
7
: 

- the impression of flame, located 

on a wall in the area of the 

precincts, especially in the 

residential fires; 

- the indicators (evidence) of 

thermical degradation of the 

surpface (evidence of 

carbonizations, calcinations, 

oxidations, etc.) 

- indicators (evidence) of material 

modifications (destructions 

through burning, melting, 

dilatations, etc.) 

Not all indicators can be 

encountered at all fires. For 

example, the oxidation evidence 

occur only if they were involved in 

metalic elements, as well as the 

carbonization evidence specific to 

the fires where wood burning 

happens. 

In many cases, the impression of 

the fire covers the whole room or the 

entire compartment of fire, due to the 

dispersion of combustible materials and 

rapid progress of fire, and the 

determination of the initial fire core 

becoming more difficult. 

Usually, the scene of a fire is full 

of burnt and smoked surfaces, debris and 

building waste. The investigator must 

carefully, attentively and thoroughly 

examine the fire scene, in order to identify 

all categories of evidence specific to the 

fire. 

The impression generated by the 

flame is determined by the tendency of 

the fire of ascending propagation, it also 

                                                 
7
 S.Calota, Gh. Popa, G. Sorescu, S. Dolha 

Research on the causes of fires, Juridical Universe 

Publishing House,  Bucuresti, 2010 

has different forms and often 

impressing on surfaces which are 

obstacles in the way of flame 

propagation, combustibles being more 

visible on wood walls..
8
 

The interpretation of the forms 

which the impression created by flame 

may have, provides important clues on the 

place of the core fire, the ignition source 

and the distance it is located, the speed of 

burning
9
. 

Any impression found on the walls 

can be identified on the superior or vertical 

sides of the objects found indoors (table 

leaf, armchairs, chairs, cupboards, 

couches, equipments, devices, etc.) In 

these cases, the impression will be similar 

in form, but it may include only parts from 

the entire impression because of the 

reduced dimensions of these objects. For 

example, an armchair near a wall shall 

include a small part of the total impression 

produced on the wall.  

Thus the „V” shape impression 

(Figure 1, Photo 1) occurs only on vertical 

walls and is created by radiant and 

convective flame and heat, produced by 

hot gases.  

The impression appears as a 

separation line, defining the limits of the 

flame feather and of the areas less heated 

outside the feather.
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Figure 1. „V” shape impression. In the right sided 

picture: an ignition source of bigger dimensions 

generates a larger impression. Image taken from the 

work „Research on fire causes”, S. Calota, Gh. Popa, 

G. Sorescu, S. Dolha, Juridical Universe Publishing 

House, Bucharest, 2010. 

Photo 1. Provided by Jamie Nowak, Nowak 

Investigations for the work „Research on fire 

causes”, authors   S. Calota, Gh. Popa, G. Sorescu, S. 

Dolha – the top indicates the core fire – ignition 

source, cigaretter on the armchair. 

 

The width varies depending on the 

size of the surface of the combustible. The 

angle of the „V” edges (usually around 

15
o) 

doesn’t indicate the burning speed, , 

meaning a larger „V” doesn’t indicate a 

slower burning, but a larger surface as the 

ignition source, the same as a narrow „V” 

doesn’t indicate a rapid burning, but a 

smaller surface as the ignition source. 

The most important element in any 

impression is the top of the cone, meaning 

the point where the fire started and where 

the must be looked for the source of 

ignition. As mentioned aboe, finding this 

very point is the main task of the 

investigator. 

In case there are two impressions 

for the same heat source, that one with the 

lower positioned top shall be closer to the 

source. If the ignition source is located 

away from the wall, the impression may 

take the „U” shape. Of course, the point of 

the „U” shape is situated higher than the 

similar one for the „V” shape form.  

The simple impression in „V” form 

can be modified by different obstacles, by 

local burning, so that in real fires complex 

impressions are met. 

The impression in hour glass shape 

is made of the hot gases and flame. Thus, 

the feather of a flame made up in the area 

of the hot gases generates a „V” form 

impression and the area of the flame 

generats at its base a reversed „V” form, 

which generally, is smaller.  

When the fire is very close to a 

vertical surface, the resulting impression 

sums up both the efect of the hot gases and 

of the flame, thus producing an hour glass 

shape (Figure 2, Photo 2). 
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Figure  2.  Hour glass shape. 

Image taken from the work „Research on fire causes”, 

authors   S. Calota, Gh. Popa, G. Sorescu, S. Dolha, 

Juridical Universe Publishing House, Bucharest, 2010. 

Photo 2. Provided by Jamie Novak, Novak 

Investigations for the work „Research on fire causes”, 

authors   S. Calota, Gh. Popa, G. Sorescu, S. Dolha)- 

hour glass shape impression, specific to burning with 

small flames nearby the wall (there are noticeable the 

residues of the burning). 

 

Reversed cone  shape impression (Figure 3, Photo 3) is generally caused by flames of 

short time length, nearby a wall (usually of an uncombustible wall which do not allow the 

vertical propagation), not developing up to the height of the ceiling. 

 

  
Figure 3.  Reversed cone shape. 

Image taken from the work „Research on fire causes”, S. 

Calota, G. Popa, G. Sorescu, S. Dolha, Juridical Universe 

Publishing House, Bucharest, 2010. 

Photo 3.  Provided by Robert Stacey-U.K. for the 

work „Research on fire causes”, authors S. Calota, 

G. Popa, G. Sorescu, S. Dolha) - reversed cone 

shape impression – indicates the burning at the floor 

level of the curtain fallen from the holder. 

  

The circular impression often 

appears on horizontal surfaces, such as the 

ceiling. The investigator has to determine 

the aprroximative center of the circular 

impression in order to determine the 

central point of the heating source. Many 

times, the core of fire is located under the 

most thermically deteriorated part of the 
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ceiling, because of the ascending character 

of the flame above the ignition source. 

But, as mentioned above the areas with a 

more obvious deterioration may be found 

at considerable distance, where there are 

more favourable conditions for 

combustible and air supplying.  

 

Evidence of thermical deterioration of 

the surfaces 

 

The impression is influenced by the 

nature and material of the surface. Many 

surfaces go through decomposition, burn 

or modify their colour unde the influence 

of the fire heat. Identifying the surfaces 

more intensely thermically deteriorated 

allows the investigator to establish the 

more intensely thermically attacked areas, 

consequently the place of the likely initial 

core fire.  

Thermical deterioration is 

influenced by the condition of the surface. 

A rougher surface would go through 

bigger deterioration than a smoother one 

from the same material. 

Coats such as those provided by 

varnishing, wall papers, posters, etc. may 

increase or decrease the speed burning. For 

example, some dyes slow down the 

propagation of the burning due to high 

content of mineral pigments. The fireproof 

treatments delay the ignition and 

considerably limit the propagation. 

Opposite effect have varnishes and dyes 

based on nitrocelulosis, which are very 

inflamable and rapidly intensify the lateral 

and downwards propagation of the 

burning, implying all surfaces where dye 

has been applied.  

The same with the adhesives for 

cladding, they also can be very 

combustible, Washing the walls with 

inflamable liquids (still in force in some 

rural areas) in time, leads to wood 

impregnation with solvent and in case of 

fire will produce greater deteriorations. 

The combustible surfaces can be darkened 

following the pyrolysis, in different stages 

of carbonis or even completely burned out.  

Surfaces from plastic materials 

may get discoloured or melt under the heat 

influence. 

Fireproof surfaces (out of minerals, 

metals, etc.) may undergo changes of 

colour, oxidations, mechanical 

deformations, melting processes, etc.  

 

Evidence as carbonisations 

 

When being exposed to high 

temperatures, the wood surfaces get 

carbonised. The thickness of the 

carbonised layer does not indicate the time 

length of burning. Carbonisation is not a 

linear phenomenon, the carbonisation 

speed being higher at the beginning of the 

process. Subsequently, the speed drops as 

the vapours produced by pyrolysis go out. 

The choal layer produced actions as a 

barrier, limiting the heat access to the 

wood layer from within. 

The degree of discoloration or 

carbonisation can be compared to that of 

the adjacent spaces to determine the area 

with the most intense burning. 

The data from the literature in the 

field (which provide, for example, for the 

carbonisation speed values of 3,6 – 

12cm/h) are obtained in laboratory 

conditions. The conditions for burning 

vary a lot in real fires, depending on the 

wood type (soft or hard wood), fibres’ 

orientation, the humidity content, mineral 

substances content, treatment of the 

surface (fireproofing, varnishing, etc), 

surface’s specificity (porosity) etc. Speed 



P. GHEORGHE 

http://www.ijci.eu         eISSN: 2247-0271 49 

of carbonisation is also depending on the 

speed of hot gases and conditions of 

ventilation. The rapid movement of burned 

gases may lead to high carbonisation 

speeds. 

Thickness of the carbonised layer 

is though an indicator of the thermical 

flow intensity, which the investigator must 

take into account when establishing the 

direction of fire propagation. 

Measuring the thickness of 

carbonisation and comparing the values, 

there can be determined the surfaces which 

have been more exposed to the heat 

source. Hence, the investigator may 

deduce the direction of fire propagation 

considering the decrease of the thickness 

of carbonised stratum depending on the 

distance of heat source. He also must 

take into account the fact that wood has 

superior carbonisation speeds when close 

to ventilation sources. These 

supplementary sources of fresh air must be 

identified, in order not to provide wrong 

appreciations. 

In some works
10

, it is 

recommended the making of a diagram of 

the thickness of carbonised layer 

(isocarbonisation) helping in determining 

the separation lines. The lines connect the 

points of equal carbonisation.  

When analysing the influence of 

the thickness of the carbonised layer, one 

must take into account the following 

factors: 

 the comparison of the measurements of 

the carbonised layers must be made on 

identical materials (for example, there 

are not compared the carbonisations 

for different beams of materials or 

types of wood); 

                                                 
10

 For example, NFPA 921- Guide for Fire and 

Explosion Investigations – Ed.2008 

 both the methods of measurement and 

means of measurement which are used, 

must be similar.  

At temperatures higher that 300
o
C, 

small cracks in the coal occur, 

perpendicular on the direction of the fibre, 

which gradually grow in width, resulting 

into a cracked model, ‚crocodile’ type. In 

the traditional approach, the cracked 

model, ‚crocodile type’, is interpreted as a 

clue of the speed of fire development. 

When the cracks are frequent, superficial, 

directed both crosswise and in a 

longitudinal way, on the fibre, and the 

separations surfaces are small, it is 

assumed a rapid exposure at an intense 

heat wave (Photo 4).  

When the cracks in the wood are 

deep, transversal on the fiber and at long 

distances, with large and proeminent 

separation surfaces in between them, it is 

assumed a log exposure to a slow burning 

(Photo 5). The explanation resides in the 

pyrolyisis process: a long exposure to a 

moderate heat wave, encourages the 

carbonisation of some successive layers of 

wood. 
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Photo 4. Model of „crocodile” type, with deep 

cracks, which can indicate a moderate heat wave on 

a long length of time. 

Image taken from the work „Research on fire 

causes”, S. Calota, Gh. Popa, G. Sorescu, S. Dolha, 

Juridical Universe Publishing House, Bucharest, 

2010. 

Photo 5.  Model of „crocodile” type on wood pillars; 

There are noticeable the deep cracks, laid out at 

distance, which can indicate a slow and long burning. 

Image taken from the work „Research on fire causes”, 

authors   S. Calota, Gh. Popa, G. Sorescu, S. Dolha, 

Juridical Universe Publishing House, Bucharest, 2010. 

  

 

The current approaches
11

 highlight and 

express reserves towards these 

considerations. There are taken into 

consideration the different factors 

influencing wood carbonisation, as 

mentioned above. The same model of 

carbonisation may also appear at an 

exposure at a long heat, but also as a result 

of an intense heat wave of short length in 

time, under the conditions of an 

unsufficient ventilation (a short fall of air)
 

12
. Consequently, these evidence must be 

interpreted only correlated with other 

observations.  

 

Evidence as calcinations 

 

As a result of the exposure to heat 

sources, there occur calcinations in the 

surfaces of the walls with mortar or 

                                                 
11

 For example, NFPA 921- Guide for Fire and 

Explosion Investigations – Ed.2008, point 6.2.4. 
12

  J.DeHaan – Kirk’ Fire Investigation, Ed. 

Pearson Prentice Hall, New Jersey, 2007 

plaster. At the beginning, the plaster turns 

into a grey colour, then, while the carbon 

is burnt, it turns white again. If the heating 

goes on, the plaster dehydrates and 

becomes brittle. 

The problem is similar to the 

carbonisations. The difference between 

colours may indicate separation lines. And 

in this case, there must taken into account 

the covers: varnishings, wall papers, 

stucco, etc., when facing the ventilation 

effect. There will be compared only 

calcinations on identical materials. 

A concrete element collapses at the 

critical temperatures in reinforcements, 

when losing the adherence between 

concrete and reinforcements, at the 

explosion of concrete, etc. Sometimes 

there can be identified areas of calcinated 

concrete. The white colour of the 

calcinated area indicates an intense 

burning and a temperature of around 

1000
o
C.  
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Evidence as oxidations 

 

Oxidation of materials which do 

not burn in fires (metals, minerals, etc) can 

be an indicator of the separation lines. 

Oxidation manifests through changes of 

colour (Photo 6) and structure. 

Modification are the more profound, the 

longer the exposure to heat or the higher 

the temperature is. For example, the steel 

bars galvanised at the heat exposure are 

covered by a whitish and matted due to the 

oxidation of the zinc protective layer. 

Deprived from protection, in conditions of 

humidity, the steel can present redish 

layers of rust (Photo 7).  

Surfaces of inoxidable steel, under 

the influence of temperature, at a moderate 

oxidation acquire coloured edges, and at a 

severe oxidation, turns into a matted grey 

colour. Copper acquires a red or white 

colour depending on the way the copper or 

cupric oxide forms, and the change of 

colour is an indicator for the separation 

lines and may indicate the direction of fire 

propagation.  

 

  
Photo 6. Specific evidence (changes of 

colour) on the surface of an appliance, 

indicating the direction of where the flames 

came. 

Image taken from the work „Research on fire 

causes”, authors   S. Calota, Gh. Popa, G. 

Sorescu, S. Dolha, Juridical Universe 

Publishing House, Bucharest, 2010. 

Photo 7. Evidence of oxidation on a metallic beam, 

indicating an intense  thermical flow at the floor level. 

Image taken from the work „Research on fire causes”, 

authors   S. Calota, Gh. Popa, G. Sorescu, S. Dolha, 

Juridical Universe Publishing House, Bucharest, 2010. 
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Evidence under exfoliations 

 

Exfoliations may result from 

breaking a concrete surface due to the 

mechanical efforts  

created following the exposure to an 

intense heat source. These may appear for 

example, due to the humidity detected in 

the concrete, different dilatation of steel 

and concrete, different dilatation of 

concrete and generating set, different 

dilatation of the side facing fire and the 

interior side of the beam, etc., usually as a 

consequence of a high debit of heat 

produced or of sudden changes of 

temperature.  

Exfoliations are characterised by 

linear distinct streaks and loss of material 

on surface, resulted from cracks, breaks or 

crater formations on the surface (photo 8). 

The sections the fragments came 

off, appear of darker colour than the 

adjacent areas, due to the exposure of the 

under the surface material, which is clean, 

unlike the one on the surface, which is 

covered with soot.  

Not always these fragmentations 

are connected with the area of the core 

fire. Sometimes they may appear due to 

some efforts or overburdens in the 

construction elements, due to the fire, 

away from the core fire. Another likely 

cause is the sudden cooling of a surface in 

contact with the blowing water by the 

firemen, used for extinction. Thus, the 

cause provoking the exfoliations must be 

identified by the investigator. If the 

exfoliations are the result of an intense 

thermical action, they may constitute a 

clue for the place of the core fire.  

In the case of brick constructions, 

gas-formed concrete building slabs, 

plaster, etc., it is noticeable the detachment 

of coating in the intense
13

 burning area, as 

a result of the different response of the two 

materials, as well as cracks and breaks in 

the parting in between walls (photos .9.). 

The number of these cracks shall be higher 

at an intense thermical attack, thus 

indicating the direction of propagation of 

the fire. 

 

Clean burning areas 

 

Clean burning areas appear on 

fireproof materials, after soot and smoke 

are burnt, laid at the beginning of the fire. 

The clean areas are surrounded by 

blackened areas resulting from the burning 

products (photo 10). They must not be 

mistaken for exfoliations, because they do 

not involve the detachment of fragments. 

The phenomenon is usually produced by 

the direct contact with a flame or an 

intense flow of radiated heat. These areas 

can be used by the investigator in order to 

establish the direction of fire propagation 

and the differences in the local intensity of 

burning. 

                                                 
13

 S.Calotă, A.Măciucă – Fire behavior of 

construction materials  – Bulletin of Firefighters 

no.3/1990 
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Photo 8. Exfoliations are noticeable, but also 

cracks because of intense burning. 

Image taken from the work „Research on fire 

causes”, authors   S. Calota, Gh. Popa, G. 

Sorescu, S. Dolha, Juridical Universe Publishing 

House, Bucharest, 2010. 

Photo 9. Exfoliations in the finish of the 

combustible ceiling. 

Image taken from the work „Research on fire 

causes”, authors   S. Calota, Gh. Popa, G. Sorescu, 

S. Dolha, Juridical Universe Publishing House, 

Bucharest, 2010. 

 

     
Photo 10. Exfoliations in  the finish of the room, 

indicating the area of intense burning. 

Image taken from the work „Research on fire causes”, 

authors   S. Calota, Gh. Popa, G. Sorescu, S. Dolha, 

Juridical Universe Publishing House, Bucharest, 2010. 

Photo 11. It is noticeable the clean burning area 

above the window, due to the action of vertical 

flames. 

Image taken from the work „Research on fire 

causes”, authors   S. Calota, Gh. Popa, G. Sorescu, 

S. Dolha, Juridical Universe Publishing House, 

Bucharest, 2010. 

 

Evidence resulted from modifications of 

materials  

Evidence as destruction through 

burning  

 

As mentioned above, under the fire 

heat influence, surfaces from fireproof 

materials may suffer changes in colour, 

oxidations, mechanical deformations, 

melts, etc. The surfaces and bodies made 

of combustible materials, especially of 

wood, (the most used  combustible 

material in th residential spaces) ignite and 
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burn. During the burning, wood suffers 

important mass losses.  

The shape of the left combustible 

may be a clue for the direction of 

propagation of burning, when examining 

the relative hight and the severity of 

carbonisation on different areas of the 

surface. The lower the left area and the 

more serious its thermodegradation, the 

closer to the source it is (Figures 4 and 5, 

Photos 12, 13). 

 

sursa  

 
Figure 4. Progressive destruction of wood, more 

intense when close to the core fire. 

Image taken from the work „Research on fire 

causes”, authors   S. Calota, Gh. Popa, G. 

Sorescu, S. Dolha, Juridical Universe Publishing 

House, Bucharest, 2010. 

Figure 5. Progressive destruction produced by the 

ascending, descendant flame, respectively. 

Image taken from the work „Research on fire 

causes”, authors   S. Calota, Gh. Popa, G. Sorescu, 

S. Dolha, Juridical Universe Publishing House, 

Bucharest, 2010. 

 

  
Photo 12. It is noticeable the progressive 

destruction of the boards (more obvious on the 

right), indicator of the more intense burning 

area. 

Image taken from the work „Research on fire 

causes”, authors   S. Calota, Gh. Popa, G. 

Sorescu, S. Dolha, Juridical Universe Publishing 

House, Bucharest, 2010. 

Photo 13. It is noticeable the burning of wood 

beams only close to the fire core. 

Image taken from the work „Research on fire 

causes”, authors   S. Calota, Gh. Popa, G. Sorescu, 

S. Dolha, Juridical Universe Publishing House, 

Bucharest, 2010. 

 

 

 

 

 

 

 

Direction of fire 
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Evidence of melt 

 

The separation lines between the 

melted and non-melted parts of a fusible 

material represent valuable clues for an 

investigator when establishing the 

impression of the fire propagation.  

The identification of remains of 

melted materials in the residues of fire is 

an important clue in determining the 

temperature of fire. The melt of 

thermoplastics indicates the likely areas 

with intense flame or hot gases. One must 

take into account the varied conditions of 

burning (the configuration of the room, 

ventilation, etc.). In a fire, it can be 

identified temperatures over 1000-1100
o
C, 

which are usually registered at the fire 

spot). Under favouring conditions (for 

example the lack of smoke hatch, of the 

extinction instalations, etc) the whole fired 

room reaches high temperatures.  

 

Dilatation evidence or deformation of materials 

 

As already known, metals dilates under heat influence, the fact of dilatation being 

different.  

 
Photo 14. Direction of dilatation, correlated with 

the evidence of carbonization, indicated the 

direction of fire propagation. 

Image taken from the work „Research on fire 

causes”, authors   S. Calota, Gh. Popa, G. Sorescu, 

S. Dolha. 

 

The deformation of elements of constructions (beams, pillars, bars, etc.) may be 

produced due to dilatation, especially if the heads (beams etc) are embedded and may affect 

the stability of the building. Knowing the nature of the involved material, it can be 

determined the temperature of the respective area. The direction of dilatation indicated the 

direction of fire propagation (Photo 14). 
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