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 The article describes a method for estimating start time of evacuation of personnel working in a machine room of a gas
compressor shop operated by a pipeline company. The method provides two options for estimating evacuation start time
depending on reliability of a notification and evacuation control system. The first option implies that a notification and 
evacuation control system operates properly and is able to act as alarm in case of fire. In such sircumstances evacuation 
start time is estimated depending on psychophysical characteristics of humans, response time of a notification and 
evacuation control system and duration of operative actions. The second option implies that a notification and evacua-
tion control system is out of order or not installed in a room. In this case employees are considered to detect fire visual-
ly assuming that a formed convective column of flue gases is the source of fire danger. Time taken by smoke to fill a
convective column is considered as time needed for a person to detect fire. Psychophysical characteristics of humans
and duration of operative actions are considered as well as in the first case. It is suggested that psychophysical charac-
teristics of humans should be determined by results of computer-based psychodiagnostics. In order to estimate time 
needed for personnel to take prompt actions the article offers a network approach for evaluation of response speed of an 
operator. A method for estimating evacuation start time was developed taking into account current methodological is-
sues in estimation of time characteristics of human actions during first stages of evacuation based on foreign and do-
mestic research on human behavior in case of fire.  
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 Рассматривается метод оценки времени начала эвакуации персонала, рабочие места которого расположены
в машинном зале компрессорного цеха газотранспортного предприятия. В зависимости от параметра надежно-
сти системы оповещения и управления эвакуацией предложены два варианта определения времени начала
эвакуации. Первый вариант предполагает, что система оповещения и управления эвакуацией находится в рабо-
тоспособном состоянии и способна выполнить требуемую функцию оповещения людей о возникновении пожа-
ра. В этом случае время начала эвакуации определяется в зависимости от психофизических характеристик
людей, времени срабатывания системы оповещения и управления эвакуацией, а также от длительности опера-
тивных действий. Во втором варианте предполагается, что система оповещения и управления эвакуацией
в момент возникновения пожара находится в состоянии отказа или таковая отсутствует на объекте. При этих 
условиях считается, что персонал обнаруживает пожар визуально, принимая образовавшуюся конвективную
колонку, наполненную продуктами горения, за признак пожара. Время заполнения дымом конвективной колон-
ки считается временем формирования визуального признака пожара. Как и в первом варианте, учитываются 
психофизические характеристики людей, длительность оперативных действий. Психофизические характеристи-
ки людей предлагается определять по результатам психодиагностического тестирования с помощью программ-
но-вычислительных средств. Для оценки временных характеристик оперативных действий персонала предло-
жен сетевой способ оценки быстродействия оператора. При разработке модели учитывались существующие
проблемы оценки временных характеристик действия людей на начальных этапах эвакуации из опыта зарубеж-
ных и отечественных исследований поведения людей при пожаре. 
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Introduction 

According to normative requirements [1] evalu-
ation of time of beginning of evacuation of people 
τE.B at beginning of fire is determined on basis of ac-
tuation time of notification and evacuation control 
system (NECS). In case of its absence τE.B is adopt-
ed equal to 0.5 minute for a floor where the fire 
started, and 2 minutes for floors above it. If the fire 
starts in a hall room, where it could be detected 
simultaneously by people present in the room, then 
it is permissible to adopt τB.E equal to zero. It is 
permissible to adopt value of τB.E on basis of results 
of studies of human behavior during fires at objects 
of specific purpose. The listed conditions of deter-
mination of τB.E generate questions with different re-
searchers. From the point of view of psychophysics 
sensomotor properties of people, perception pro-
cesses, evaluation and processing of information, 
decision making are not considered, though they are 
natural for each person and may create a delay in 
evacuation in conditions of development of fire 
danger. Influence of the above reasons on evacua-
tion process is noted in works of domestic and for-
eign scientists. In particular, it is established that ac-
tions taken by people after they discover attributes 
of fire may be varied, depending on big number of 
factors. For example, on actions performed at the 
moment of receipt of a signal, search of additional 
information confirming trustworthiness of fire sig-
nal, kind of signal received, social role of person, 
family relations, official duties etc. [2-10]. It is often 
when people risking their life return to building or 
construction on fire, trying to save property. For 
personnel of industrial objects, as a rule, there are 
duties exist to perform operative actions in case of 
fire. For example, if considering compressor shop of 
gas transporting enterprise, then personnel of this 
object in case of distinguishing fire must take 
measures to stop technological process with aim to 
prevent propagation of the accident, and evacuate 
only after this. Personnel of industrial object may 
take part in an firefighting or assist in any way to 
fire fighting units. Delay of evacuation may be 
caused by organizational inertia of NECS which 

depends on actions of its operators. From the 
point of view of dependability, possibility of NECS 
being non-operational or in forced outage, is not 
considered.  

Scientific research works on study of people be-
havior in buildings of child pre-school establish-
ments, schools and in-patient facilities, performed 
by academy of state fire fighting service of the Min-
istry of the Russian Federation for Civil Defence, 
Emergencies and Elemination of Consequences of 
Natural Disasters, permitted to develop method for 
determination of τB.E, taking into account behavior 
of functional population of these objects [11]: 

 B.E IN R.T R.Ct t t      (1) 

where tIN – interval of time since moment of fire 
origination to formation of command signal to ac-
tivate NECS, seconds; tR.T – time of reaction to fire 
signal of teachers, determined since moment of re-
ceipt of the signal till beginning of preparation of 
children for evacuation; tR.C – time of preparation 
of children to evacuation, that is interval of time 
since issue of signal to children to evacuate by the 
teachers till beginning of evacuation. So there are 
enough reasons to suppose that evaluation of τB.E 
for personnel of industrial objects should similarly 
be composed from parameters characterizing peo-
ple's reaction to situation, and duration of their ac-
tions before beginning of movement along evacua-
tion routes. Consequently, conditions τB.E =  
=            where          – time of NECS activation, and 
τB.E = 0 for hall type rooms adopted in normative 
document [1], should be reviewed with regard to 
the above remarks. Method to determine τB.E (for-
mula (1)), according to author's opinion, proves the 
need to develop methodology for evaluation of τB.E 
for personnel of industrial objects, which takes into 
consideration all above factors, capable to develop 
delay of evacuation in specific production envi-
ronment. 

On basis of this assumtion and using devel-
opments in field of fire modeling, evaluation of 
dependability of active fire protection systems, 
methods of psychodiagnostic testing of people, 
apparatus of industrial psychology, technological 
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peculiarities of specific production facility, a 
method to evaluate time of beginning of evacua-
tion for personnel of compressor shop of gas 
transporting enterprise is proposed.  

Evaluation of time when  
of evacuation of compressor  

shop personnel begins 

According to industrial rules operative actions 
of compressor shop personnel are the following: 

– check of trustworthiness of received fire signal; 
– emergency shutdown of process equipment 

in fire area or the whole process of the object; 
– notification of senior officer of fire; 
– control of activation of automatic fire 

fighting units. 
In this case it is proposed to determine value of 

τB.E with regard of above remarks using the follow-
ing expression: 

at 0.95,

at 0.95,

NECS SSMR NECS
act human D.T E.P О.A ready

B.E form CSMR NECS
E.A human D.T E.P О.A ready

t t t t t K

t t t t t K

        
     

 (2) 

where         – time of NECS activation with regard 
to its inertia, seconds;     – time of simple 
sensomotor human reaction, seconds; tD.T – time of 
decision making, seconds; tE.P – time necessary to 

prepare for evacuation; tO.A 
 duration of operative 

actions (process equipment shutdown, usage of fire 
fighting means, activation of fire fighting 

units etc.), seconds;            NECS readiness fac-

tor;        time of formation of fire attributes, se-

conds,          time of complex sensomotor human 
reaction, seconds. 

Value of        is advisable to determine during 
process of operation or at stage of acceptance actions 
(commissioning, upgrading, fire tests, emergency re-
sponse training etc.). At stage of designing NECS 

NECS
actt  is determined by summing NECS

inerct  
1

n

i
i

t


  , 

where ti  time of activation of i element of NECS, 
seconds. 

Parameter           should be considered because 
it characterizes operation of human central neural 
system providing for person's sensomotor activity 

[13]. Time of simple sensomotor human reaction is 
composed from time of excitement of hearing or-
gans, transfer of excitement to corresponding re-
gions of brain cortex, time of motoric program ac-
tivation and the very motoric component of reac-
tion [14]. So,          should be considered as neces- 
sary for evaluation of τB.E. Value of         may be 
determined in practice by psychodiagnostic testing, 
during which time of sensomotor reaction of a per-
son to audio stimulus is determined [14, 15]. Eval-
uation of sensomotor reaction may be performed 
by chronometric analysis using specialized soft-
ware and hardware means. 

Time of decision making tD.T as factor of 
evacuation delay was determined by foreign spe-
cialists in studies of human behavior during an-
nounced and not announced evacuation actions 
[2, 3]. Same sources provide some statistic tD.T 
distribution characteristics (table).  

Statistic data on decision making time  
depending on type of fire signal 

Statistic characteristics  
of time probability distribution

Alarm Flame Smoke

Mean value 8.31 8.17 11.67 
Lower and upper borders of 
95% confidence range 

5.12  
11.50 

6.77 
9.57 

7.93 
15.40 

Median 4.35 5.75 6.9 
Mean square deviation 10.23 5.69 14.57 
Minimal value 0.90 0.70 0.40 
Maximal value 52.9 23.8 62.00 

 
Parameter tE.P is necessary to consider in case 

when to reach evacuation routes it is necessary to 
go on process installation or construction elements 
of the building, using rails, step irons, framework, 
beams, crane ways, stairs etc. For compressor shop 
personnel place of beginning of evacuation may be 
also sections of gas turbine engine unit, movement  
where could be performed by crawling or other 

similar way. Evaluation of tE.P is performed by 

chronometric method directly at workplace. 

To determine duration of operative actions to 
disconnect process equipment or process shutdown 
it is advisable to use network method of determin-
ing operator speed [16]:  

NECS
actt

SSMR
humant

NECS
readyK

form
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SSMR
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 max ,P.S jL    (3) 

where Lj – length of j full path, seconds. 
In this case human activity is distributed to 

number of separate actions having determinate 
sense in context of the task. Duration of perfor-
mance of operative actions will be equal to length 
of critical path. 

Parameter          reflects probability of opera-
tional condition of NECS in any moment of 
time [17]: 

 1

1 1

.

n

Pi
NECS i
ready n n

Pi ni
i i

t
K

t t



 






 
  (4) 

Where 
1

n

Pi
i

t

  aggregate time of proper opera-

tion of NECS; 
1

n

ni
i

t

 – total time of forced outage 

of NECS; n  number of failures (repairs) of 
NECS. 

Time of formation of fire attribute 

Time of formation of fire attribute        is pro-
posed to determine on basis of supposition that a 
person visually detects an object having fire attrib-
utes and appeared at workplace. As such object it 
is proposed to adopt convective column from fire 
seat filled with combustion products (smoke), as 
smoke and flames are less identical fire attribute 
[3]. During calculation of        following conven-
tions and assumptions should be made: 

– geometrical parameters and layout of room 
should correspond to those when zone fire model 
could be used; 

– personnel workplaces are located at service 
platforms of gas pumping units. 

Using expression describing geometric volume 
of truncated cone, lets make formula for determi-
nation of convective column volume, m3: 

  ,
3C F F F F

z
V F F F F      (5) 

where z – distance from burning surface to ceiling, 
m;      – projection of FF to room ceiling surface, m2,  
                                    ; γ – angle of semi opening of 
convective column, degrees; FF – area of burning of 
fire load (lower base of truncated cone), m2; 

Value of γ is determined by expression [18] 

 
 P

0 0

10.21
,

celling p

g Q

F c T

  
     

  (6) 

where Fcelling – area of room ceiling, m2; g – free 
fall acceleration, m/s2; Qп – fire convective 
productivity, Wt; χ – share of heat added in a com-
partment generated by fire seat; ρ0 – density of 
ambient air at initial moment of time, kg/m3; cp – 
specific isobaric heat capacity of air J/(kg·K); T0 – 
ambient air temperature, К. 

 Flow  of  combustion  products  in  convective  

column GF, kg/sec, is determined according to 

formula [19] 

 
   

3/5
1

0,032 ,
1000

P
F F.H

Q
G z z z

 
  

 
  (7) 

where zF.H  – height of flame zone, m. 
Convective productivity of fire is determined 

by formula [18] 

 ,р
P S L FQ Q F    (8) 

where η – factor of combustion completeness; ψS – 
specific speed of burning out, kg/m2sec;       – low-
er heat value, J/kg; FF – area of burning, m2. 

Surface area of burning is determined on basis 
of condition that fire is in initial phase of develop-
ment.  

If value z is greater than zF.H, then smoke flow 
in convective column is determined by formula 
[19] 
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Height of flame zone is determined from ex-
pression [19] 

 
  2/5
1

0.166 .
1000

P
F.H

Q
z

  
  

 
  (10) 

As result a formula is made for obtaining time 
of fire attribute formation: 

 к .form G
F.A

F

V
t

G


   (11) 

where ρG – density of gases in convective column, 
kg/m3. Value of ρG may be determined from the 
source [20].  

During calculation of         it is necessary to es-
tablish range of values of FF, within which all con-
ditions necessary for formation of free convective 
flow from fire seat in the form of truncated cone 
will be fulfilled. Except that, it is necessary to estab-
lish min{FF}, at which convective column may be 
detected and understood as sign of fire danger. 
Value of min{FF} could be established during fire 
tests of active fire protection units, if this is permit-
ted by production environment, or during special 
experimental studies. Value of min{FF} could also 
be established by expert evaluation method. 

As in case of evaluation of         , during visual 
detection of fire attribute sensomotor human reac-
tion will follow. But in this case human eye will be 
used. Evaluation of time of human sensomotor re-
action to visual stimulus could be performed by 
chronometric analysis of complex sensomotor  
reaction – using parameter characterizing action of 
central neural system during visual perception of 
the environment. 

When determining parameters           ,         , tE.P, 
tО.A,           it is necessary to take into account rules 
of experiment performance and processing experi-
mental data. To evaluate parameters          , подло 
modern computerized psychodiagnostic complexes 
may be used, which are widely used at the moment 
in organizations for professional personnel 
psychodiagnostics. Gazprom PJSC system uses 
psychodiagnostics complex “EPDK – Personal 

plus”, using which the stated parameters may be  
determined with high registry-based dependability. 
Parameters tE.P, tO.A may be determined during  
announced (not announced) evacuation actions  
during emergency response training. 

Conclusion 

In the present time evacuation process is well 
studied from point of view of people movement in 
flow over evacuation routes. But this is just a part 
of evacuation process, and it does not reflect all 
aspects of the event. If we study evacuation pro-
cess stage by stage and project this schematic to 
normative and methodological base used during 
evacuation planning, then its drawback in evalua-
tion of time of fire danger perceptive images for-
mation, which in reality are reasons of evacuation 
actions by the people, becomes evident. 
Knowledge system of such scientific disciplines 
as engineering psychology, thermal physics of 
fire, psychophysics and psychophysiology,  
dependence theory, in the author’s opinion,  
provides large enough archives and quality appa-
ratuses, which could be “linked” together for 
qualitative and quantitative description of process 
of fire discovery by a person. This article studies 
one of variants of such approach. It is necessary 
to note that qualitative and quantitative descrip-
tion of fire attributes formation process, speed of 
dangerous fire factors propagation in area of pro-
duction room may bring substantial benefit during 
training compressor shop personnel in fire safety 
measures. Employees of the named objects show 
interest in such information, which may be useful 
for clarifying variants of their own actions in case 
of fire, and this raises an issue of need to include 
this material into fire safety manuals (as a source 
of safe labor activity methods in production and 
fire rescue modes). So, method of evaluation of 
time when evacuation of compressor shop per-
sonnel begins, taking into account parameters of 
NECS dependability, time of its activation, time 
of fire attribute formation, duration of operative 
actions and psychophysical characteristics of 
people, is examined. 
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