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ABSTRACT 

 

 

One of main problem of fire safety of health care buildings for senior citizens is weak or 

even full disadaptation of elderly people for safe evacuation. A series of experiments were conducted 

aimed to research movement abilities of such group of people in the places of their mass stay. The 

results indicate that the total occupant’s population of health care buildings might be divided into 5 

main goups of mobility. The values of movement parameters for groups I and II were obtained and are 

presented in the paper.  

 

 

ELDERLY PEOPLE AND FIRE SAFETY 

 

 

The population of the world is aging faster and faster. At present time around 10 per cent of 

the population of the Earth is elderly people at the age of sixty or older. In 2005 there were 672 

millions of elderly people and by 2050, according to the forcasts by specialists, the number of elderly 

people will have increased by three times and will reach 2 billions. Notably, the biggest increase of 

population is going to be in the category of women and in the age category of 80 and older 
1
. 

In Russia (just as in the overwhelimng majority of other countries) there is a growth in the 

population of elderly people, Figure 1, which amounts to over 25 million people in 2010. Moreover, 

according to the forecasts, it is expected that the elderly population will have increased almost twice 

by 2050 in Russia 
3
. 

 

Fig.1. Number of elderly people (over 60 years old) in Russia in millions of population 

 
.  

The growth of the number of elderly population will lead to the increase in the amount of 

specialised places for their support, the so-called health care buildings for retired citizens. According 

to the data by the Federal State Statistics Service 
3
, by the end of 2010 these facilities numbered 1475 

and had 249 000 beds that were almost 100 per cent occupied. Statistics indicates, that fires are 

relatively rare, but if fire occurs – the consequences very likely to be fatal.  
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In this kind of fires the deaths occur, first and foremost, because people do not have enough 

time to leave the building before the dangerous fire factors appear. The main reason that prevents 

people from evacuating is the presence of some sort of health dysfunction that limits people's abilities 

not only in the circumstances that threaten their lives and health but also under the normal (safe) 

conditions.  

The peculiarities of elderly people behaviour in case of fire are dependent on such age-

related problems as, for example, distortion or confusion in the perception of time and space, 

forgetfulness, problems with keeping one's attention focused, weakening mental faculties, hearing and 

vision impairement, trouble breathing, low mobility, reduced fine motor skills (difficulties opening 

doors, switching on a fire alarm, calling on the phone etc.) Moreover, as people age they tend to have 

reduced levels of activity in case of fire. Both the variety of activity areas and the number of people 

who react actively to the emergency decrease 
6
. The analysis of statistical data from various countries 

in the world demonstrates a significantly smaller adaptability and as a result a bigger vulnerability of 

elderly people in case of fire 
7,8

. 

Elderly people experience rather serious problems during pedestrian movement. As a rule, 

low speed of movement is connected with a whole series of age-related physiological conditions. 

However, it gets expressed most seriously with disequilibrium and ambulation disorders that happen 

rather frequently and can be caused by various age-specific diseases (for example, paradoxical 

akinesia, Parkinsonism, dysbasia etc.) 
2,9

. The disorders are expressed in different ways. For example, 

there can be problems with the ability to start and keep movement: when trying to start moving, feet 

act as if they "get stuck" to the floor and in order to make the first step an elderly person is forced to 

shift from one foot to the other or swing one's body and feet in anterior-posterior direction. When 

making a turn, overcoming obstacles or moving through a narrow passage that requires a switch from 

one moving program to the other, an elderly person can suddenly "freeze". Their feet halt as if "rooted 

to the ground" and their body keeps moving forwards that can lead to a fall. In general, falls among 

eldearly people occur quite often: these cases are registered with 28 - 48 per cent of elderly during a 

year, and 45-61 percent of the people living in retirement houses. Visual stimuli (for example, a string 

on the floor) can lead to a halt in movement. A sudden question, asked during movement, a sudden 

noise or unexpected touch can cause a speed drop or a halt. 

Fire safety in such buildings depends on many crucial factors, however in the scopes of his 

study, features of pedestrian movement of elderly people are in the focus of research. 

 

 

EXPERIMENTS SET UP   

 

 

In order to establish parameters of elderly people movement in a flow, a series of 

experiments were arranged and they were video recorded. The sections of building’s communication 

routes including horizontal routes, staircases, i.e. descent and ascent, door openings were selected in 

advance for every building. Video cameras were positioned in such a way that they would cover the 

largest possible room space.  It is noteworthy that, unlike the previous observation studies, this one 

utilized modern digital video cameras “Spy” as video recording devices. Their portability and ability 

to place them practically in every point of any room considerably simplified the mounting of such and, 

furthermore, did not attract the attention of those people being observed, thus reducing the possibility 

of their behavior being distorted.  

A scale grid with a cell size 1х1 m was assembled and installed at the height about 1,8m on 

the selected part of the egress route before the start of video recording.  A test shot was then made 

recording the plot’s geometric dimensions and the scale grid.  Afterwards, the grid was removed and 

experiment begins.  

After executing the experiments, an analysis of video recordings as well as establishment of 

the nature of the statistical sample of the obtained data was performed. The data was processed by the 

computer in the following order: 1) the video record was run and paused with the scale grid episode; 2) 

the scale was repainted on a computer monitor screen; 3) ) the video record was continued to play.  

 



 

Figure 2. An example of video record treatment: a) - horizontal route, b) - staircase. In order 

to measure the human flow parameters, a grid with meshes size 1x1m was set over the video recording. 

 

 

 
 

  

 

After the scale grid was built on the computer monitor, the video tape was analyzed further 

(Figure 2). After a person entered the first square of the scale grid, the number of people in a cell 

before him/her was counted; this was then used to determine the flow density D expressed in 

persons/m
2
. Under these conditions a person being observed travels a distance l=1 m for a certain 

amount of time. So, travel speed of person according to the density of flow might be obtained. The 

same operation was performed until a person being observed leaves the survey plot. All movements of 

the next person selected for supervision were tracked in the same way.  

This is the general methodology for determining values of people flow movement within a 

linear section of a circulation route. The speed of moving through a door opening cannot be measured 

in the same way, as the length of the route sector inside a door opening is close to zero. Thus the 

number of people passing through the door opening with a measured width for a certain time period 

was counted depending on the density in front of a door opening boundary.  

The experiments were conducted in 5 senior citizens health care buildings in Moscow and 

883 measurements of travel speed against density were made. An average age of elderly people taking 

part in the experiments was over 80 years old.  

 

 

THE RESULTS  

 

 

Human flows in retirement houses for the elderly citizens are highly unhomogeneous both in 

terms of qualitative and quantative characteristics and are specific to the characteristics of a particular 

human body. Based on the results of the video analysis considering the movement characteristics of 

the occupants, five major mobility groups were distinguished.  

1) elderly people who move without any additional support 

2) elderly people who move with one additional support (stick, walking cane, crutches with 

elbow support); 

3) elderly people who move with two additional supports (stiks, crutches or walking frames); 

4) elderly people who move on their own in a wheel-chair; 

5) elderly people incapable of moving independently whose transportation in wheel-chairs, 

or stretches is rendered with the help of medical staff. 

The occupants of retirement houses are placed into two types of departments according to 

the gravity of their diseases and mobility levels. The people who are more or less capable of moving 

independenlty- the elderly of the first and the second mobility groups in our classification- live in the 

general departments. People who are capable of moving only within thier own rooms with the help of 

two additional supports and walking frames, people in wheel-chairs who move on their own as well as 

bedridden people who can be moved only with the help of the staff are accomodated in the so called 

charity units. The statistical analysis shows that the mobility of the inhabitants in various buildings  

differs. However, the amount of people who can move on their own amounts to approximately 30% - 



 

50% of the total number of dwellers, the rest needs to be either transported or carried out by medical 

staff during an emergency. 

As a result of field expriments on evacuation there has been determined the movement 

parameters of elderly people belonging to the first and second mobility groups and mixed flow 

comprising elderly people of various groups of mobility on different sections of the route. These 

parameters were applied for the formula [1] that reflects the relation between the flow density and 

external exposure and the speed as a reaction of a human sensory system 
10, 11, 12

: 

 

V
е
 D,j   = V

e
0,j [1-ajln(D/D0,j)].                                                              [1] 

 

where – V
e
0,j free (unimpeded) travel speed, depending on route type j and level of emotional state e; 

D – density of flow; D0,j – threshold value of density, i.e. if D> D0j travel speed decrease; aj – 

coefficient.  

The exact values of the variables V0,j,  aj and D0j  that comprise [1] and have been determined 

as a result of empirical values  approximation according to technique 
11

 are given in Table 1. The 

diagrams are given on Figure 3.  

 

Table 1. The values of V0,j, aj и D0j  for pedestrian movement of elderly  people. 

 

Evacuees  Parameters Horizontal  Stairs down Stairs down Ramp down 

 

Ramp up  

 

Disabled people 

without 

movement aids  

V0,j, m/s. 0.7 0.47 0.46 0.73 0.62 

D0,j, pers/m
2 

0,18 1,12 0,594 0,98 0,66 

aj 0,118 0,509 0,313 0,626 0,352 

Disabled people 

with one stick or 

crutch  

V0,j, m/s. 0.43 0.20 0.29 0.44 0.25 

D0,j, pers/m
2 

1,028 1,36 1,21 0,08 0,66 

aj 0,622 0,196 0,47 0,137 0,352 

Mixed flow of 

elderly people  

V0,j, m/s. 0.614 0.38 0.42 0.70 0.57 

D0,j, pers/m
2 

1,22 1,35 0,63 0,95 0,77 

aj 0,733 0,548 0,333 0,607 0,391 

 

In general, the movement pattern of elderly people moving without movement aids is similar 

to middle aged people; however, elderly people of this mobile group apply significantly much more 

efforts, to walk fast. Obvious indicators of movement discoordination is observed for people going 

with one stick. Normal consequences of hand and legs locomotion is broken and is arrhythmic. It is 

interest to note, that people of this mobile group move faster upstairs than downstairs (Table 1, Figure 

3). This is explained by their fear to fall down from a high position due to the fragility of their 

conditions. 

It should be noted, that such experiments were very hard to arrange due to serious decease of 

the occupants. That is why there were conducted only several measures of the people who moves with 

two movement aids. It was found, that their travel speed is about 0.1 m/s on horizontal plane with 

almost no physical ability to move on stairs. Moreover, travel distance for most of them is about 10-15 

meters then they need stop for the rest.  

The possibility of evacuation is significantly smaller for the people in wheel-chairs and it 

also depends on the segment of the route. Sharp drops in heights and stairs are totally impassible 

sections for them. Wheel-chair elderly disabled people can only use the routes where horizontal paths 

and entrance ramps have slopes not higher than 8-10%. However, most of them due to general 

weakness of the body are not able to overcome ramps without staff assistance. 

With an increase in the number of wheel-chair elderly disabled people in a human flow, the 

intensiveness of the flow in general through a door-frame significantly drops, which slows down the 

process of evacuation. 

During the evacuation of people who are incapable of moving independently (so called 

immobile people) preparation of staff, especially physical part of it plays a great role. In Russian 



 

retirement houses for the elderly citizens, as a rule, more than 95 per cent of the staff is women and 

staff are not always 100% enrolled. Moreover, the typical department is designed for 60 occupants and 

in the daytime there are 8-9 members of the staff and during the night it amounts to just 2-3. That 

brings into a question the fact whether fire safety is feasible for all the inhabitants. 

 

 

Fig.3 The parameters of pedestrian flow consisting of elderly people: a)-c) relation between 

travel and density of flow; d) between intensity of movement (specific flow) and density of mixed 

flow of elderly people.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CONCLUSIONS 

 

 

The research on safe evacuation of senior citizens health care buildings revealed several 

curtail problems: prolonged pre-movement time, large amount of immobile people (up to 50-70% 

from the total population) and very low travel speed and endurance for elderly people who are able to 

move. An analysis of their mobile characteristics permitted to classify them on 5 groups. The 

parameters for pedestrian movement for groups I (elderly people who move without any additional 

support) and II (elderly people who move with one additional support) were investigated and the 

results are presented in this paper.  

It is important to note, that the parameters of flow of elderly people follow general law [1], 

initially obtained for the flows of able bodied people
11

.  However, the values of V
e
0,j , D0j and a 

requires deep understanding, reevaluation and further studies with numerous experiments. 

a) Horizontal plane 

c) Stairs upwards 

 

d) Door opening 

b) Stairs downwards 

elderly without movement aids; 

with one stick/crutch 
mixed flow of elderly people 

 

elderly without movement aids; 

with one stick/crutch 
mixed flow of elderly people 

 

elderly without movement aids; 

with one stick/crutch 
mixed flow of elderly people 

 



 

Considering psychophysical abilities of elderly people and staff possibilities, one of the 

proper solutions is design of fire safe areas, whence they might be evacuated with fire protected 

elevators and with evacuation chairs.  
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