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Abstract 

In order to improve the efficiency of building fire risk assessment, this paper puts forward a new method of fire risk fast assessment based 
on fuzzy mathematics and support vector machine (SVM) algorithm. As the building fire risk factors were considered comprehensive, a 
flexible and operable fire risk assessment index system was established. Through the analysis of the data from a small number of actual 
risk assessment project, the thesis obtained the index values, as well as the fire risk scores by fuzzy comprehensive evaluation, to get the 
sample data. And then, the SVM fire risk assessment model trained with the sample data was used for the fire risk assessment of a sports 
architecture. The assessment result was satisfactory and in good agreement with the actual situation of the building, which proved the 
feasibility of the method in this paper. 
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1. Introduction  

With the rapid development of China's economy and society, the urbanization is speeding up, the urban size is expanding, 
the population density is increasing, and the building types become more various. The number of public buildings with 
complex structures, special functions and high personnel density is also increasing. In case of fire, there would be 
significant casualties and property losses for these high-fire-risk units. Fire risk assessment is an effective way to improve 
the ability of building fire protection and reduce the possibility of conflagration. 

At present, methods of fire risk assessment can be roughly divided into three classes[1]. The first kind, qualitative analysis 
method, is very detailed, bringing about the investment of lots of money and time, but the fire risk grade is hard to be given. 
The second semi-quantitative analysis method is quick and simple, which can distinguish the degree of building fire hazard. 
However, the evaluation results are greatly affected by human factors. The third kind of quantitative analysis method is 
based on the probability of building fire accident, so the evaluation results are more accurate. But the data requirement of 
this method is higher. Due to the large number of urban high-fire-risk units, the process of the fire risk assessment for each 
building in the use of traditional methods is cumbersome, which leads to the long project cycle and limited assessment 
efficiency. At the same time, the fire risk assessment data is not enough. So it is difficult to establish a more accurate fire 
risk assessment model with a small amount of sample data. 
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In order to perfect the high-fire-risk units security system, the relevant laws and regulations insist that high-fire-risk units 
should carry on fire risk assessment at least once a year, to discover the fire safety factors, take effective rectification 
measures and eliminate fire hazards timely. However, fire risk assessment work is difficult to promote, because of the huge 
numbers of urban fire high-risk units, the lack of qualified fire fighting technology services, and the complicated fire risk 
assessment process. So this paper puts forward a new method of fire risk fast assessment based on fuzzy mathematics and 
support vector machine algorithm. Firstly, as the building fire risk factors are considered comprehensive, a flexible and 
operable fire risk assessment index system is established from the perspective of the building passive and active fire 
prevention capability, evacuation capability, fire rescue capability and fire safety management level. Secondly, in order to 
get the sample data for SVM model training, the thesis uses the data from a small number of actual risk assessment project 
to obtains the index values, as well as the fire risk scores by fuzzy comprehensive evaluation method. Thirdly, the SVM fire 
risk assessment model would be trained with the sample data, which can make the fire risk assessment be more efficient and 
accurate. 

2. Establishment of the fire risk assessment index system 

In this paper, the building fire risk level is divided into level 1 - safe, level 2 - relatively safe, level 3 - relatively 
dangerous, level 4 – dangerous. Considering that people’s psychological measure presents nonlinear variation, so the power 
function is selected as Eq. (1) [2]. 

31.1)100(24.0100 xy                                                                    （1） 
x — Scores of uniform distribution; 
y — Scores of nonlinear variation. 
The division of fire risk evaluation index rating score as follows. 
Level 1: 85 ~100; Level 2: 60 ~ 85; Level 3: 30 ~ 60; Level 4: 0 ~ 30. 
On the basis of a variety of national building codes, safety rules, and the experts’ advice, a building fire risk assessment 

index system is established as shown in table 1[2-3]. 

Table 1. Index system of building fire risk assessment 

First level 
evaluation 

index 

Second level 
evaluation index Third level evaluation index Level 1 Level 2 Level 3 `Level 4 

The building 
passive fire 
prevention 
capability 

Plane layout 

Durable life of the building (100，150] (50，100] (15，50] (0，15] 
Fire separation (13,16] (9,13] (4,9] (0,4] 

Surrounding environment risk (0.85,1] (0.6,0.85] (0.3,0.6] (0,0.3] 
Building height (0,24] (24,50] (50,80] (80,110] 

Meteorological conditions (0.85,1] (0.6,0.85] (0.3,0.6] (0,0.3] 

Fire resistance rating Building structure fire resistance 
rating (1.4,1.7] (1,1.4] (0.5,1] (0,0.5] 

Electrical equipment 
Electrical equipment status quo (0.85,1] (0.6,0.85] (0.3,0.6] (0,0.3] 
Electrical equipment protection 

status (0.85,1] (0.6,0.85] (0.3,0.6] (0,0.3] 

Fire load Fire load density (0,170] (170,500] (500,1000] (1000,2000] 
Fire load distribution (0.85,1] (0.6,0.85] (0.3,0.6] (0,0.3] 

Fire compartment 

Fire separation (0.85,1] (0.6,0.85] (0.3,0.6] (0,0.3] 
Fire-proof sealing of special 

positions (0.85,1] (0.6,0.85] (0.3,0.6] (0,0.3] 

Fire partition area (1700,2000] (2000,2500] (2500,3100] (3100,3700] 

The building 
active fire 
prevention 
capability 

Smoke-control 
system 

Smoke-exhaust method (0.85,1] (0.6,0.85] (0.3,0.6] (0,0.3] 
Smoke-exhaust rate (0.85,1] (0.6,0.85] (0.3,0.6] (0,0.3] 
Filling gas Settings (0.85,1] (0.6,0.85] (0.3,0.6] (0,0.3] 

Pressurized air supply Settings (0.85,1] (0.6,0.85] (0.3,0.6] (0,0.3] 

Automatic fire alarm 
system 

Detector type (0.85,1] (0.6,0.85] (0.3,0.6] (0,0.3] 
Detector reliability (0.85,1] (0.6,0.85] (0.3,0.6] (0,0.3] 

Monitor mode (0.85,1] (0.6,0.85] (0.3,0.6] (0,0.3] 
Automatic fire 
extinguishing 

system 

Extinguishing equipment (0.85,1] (0.6,0.85] (0.3,0.6] (0,0.3] 

System reliability (0.85,1] (0.6,0.85] (0.3,0.6] (0,0.3] 

Other fire 
extinguishing 

system 

Fire extinguisher configuration 
standards (0.85,1] (0.6,0.85] (0.3,0.6] (0,0.3] 
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Fire water supply 
Municipal pipeline (0.85,1] (0.6,0.85] (0.3,0.6] (0,0.3] 

Fire pool (0.85,1] (0.6,0.85] (0.3,0.6] (0,0.3] 
Fire hydrant (0.85,1] (0.6,0.85] (0.3,0.6] (0,0.3] 

Evacuation 
capability 

The evacuation 
passageway 

Safety evacuation distance (0,15] (15,40] (40,70] (70,100] 
Exit quantity (4,5] (3,4] (2,3] (1,2] 

Hundred people width index (1,3] (0.5,1] (0.3,0.5] (0,0.3] 

Evacuation facilities 

Emergency broadcast and lighting 
evacuation instructions (0.85,1] (0.6,0.85] (0.3,0.6] (0,0.3] 

Evacuation stair (0.85,1] (0.6,0.85] (0.3,0.6] (0,0.3] 
Refuge floor and fire cut (0.85,1] (0.6,0.85] (0.3,0.6] (0,0.3] 

Personnel load 
Assisted evacuation facilities (0.85,1] (0.6,0.85] (0.3,0.6] (0,0.3] 
The distribution of personnel (0.28，0.4] (0.4，0.6] (0.6，0.84] (0.84，1.08] 

Fire rescue 
capability 

Firefighters 
Firefighters number (0,1200] (1200,3000] (3000,5000] (5000,7000] 

Years of Firefighters’ working (8,10] (6,8] (3,6] (0,3] 
Professional construction (0.85,1] (0.6,0.85] (0.3,0.6] (0,0.3] 

Fire station 

Protection area (4000,5500] (5500,7000] (7000,8800] (8800,10600] 
Fire station construction area (3500,5000] (2600,3500] (1520,2600] (500,1520] 

Fire-fighting equipment (0.85,1] (0.6,0.85] (0.3,0.6] (0,0.3] 
Fire fighting access (0.85,1] (0.6,0.85] (0.3,0.6] (0,0.3] 

Building fire 
fighting and rescue 

conditions 
Fire fighting rescue area (0.85,1] (0.6,0.85] (0.3,0.6] (0,0.3] 

Fire safety 
management 

level 

Security system 
implementation 

Fire control facilities maintenance 
and preventive maintenance (0.85,1] (0.6,0.85] (0.3,0.6] (0,0.3] 

Full-time duty situation (0.85,1] (0.6,0.85] (0.3,0.6] (0,0.3] 
Fire emergency plan (0.85,1] (0.6,0.85] (0.3,0.6] (0,0.3] 

Safety responsibility system (0.85,1] (0.6,0.85] (0.3,0.6] (0,0.3] 
Management 

personnel business 
level 

Fire prevention education (0.85,1] (0.6,0.85] (0.3,0.6] (0,0.3] 
Organizing ability (0.85,1] (0.6,0.85] (0.3,0.6] (0,0.3] 

Fire knowledge and skills (0.85,1] (0.6,0.85] (0.3,0.6] (0,0.3] 

Other personnel 
within the building 

Level of safety consciousness (0.85,1] (0.6,0.85] (0.3,0.6] (0,0.3] 
Fire training situation (0.85,1] (0.6,0.85] (0.3,0.6] (0,0.3] 

Hidden dangers rectification 
situation (0.85,1] (0.6,0.85] (0.3,0.6] (0,0.3] 

Institutional framework (0.85,1] (0.6,0.85] (0.3,0.6] (0,0.3] 

3. Fuzzy comprehensive evaluation model 

3.1. Data normalization 

Table 2. Index classification standard 

Class 1 Class 2 … Class m 

1211 ~ yy  1312 ~ yy  … 1,11 ~ mm yy  

2221 ~ yy  2322 ~ yy  … 1,22 ~ mm yy  

… … … … 

21 ~ nn yy  32 ~ nn yy  … 1,~ mnnm yy  

 
Assumes that the evaluation object is divided into m classes, and the number of evaluation indexes is n. 

,i hy  — the upper limit of class h of the index i； 

, 1i hy   — the lower limit of class h of the index i； 
1,2, ,h m ； 

1 2 , 1i i i my y y     or 1 2 , 1i i i my y y    , 1, 2, ,i n  
The membership degree of standard values between 1iy  and , 1i my   is shown as Eq. (2). The membership degree matrix 

of standard indicators is expressed as Eq. (3). 

, 1

1 , 1

ih i m
ih

i i m

y y
s

y y
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