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High-rise Building Group Regional Fire Risk Assessment Model Based on AHP
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Abstract

Based on Analytic Hierarchy Process (AHP), a regional fire risk assessment model is developed for high-rise
building group considering the fire danger degree, basic characters of the high-rise building group and fire control
capability. The impact factors, values of typical risk parameter and the weight of each index are analyzed. An
assessment program is further developed using Matlab, to perform the risk assessment procedures. The model is
then applied to the regional fire risk evaluation of a high-rise building group.
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1. Introduction

With the development of city construction and the
increase of population density, land is becoming a
limited resource. In order to overcome the problem,
more and more high-rise buildings are built. High-rise
building fires have many special characteristics, such as
the diversity of blazing, factors, various ways of fires
spreading, the difficulty of evacuation and saving
activities. Due to the importance of fire safety for the
high-rise building, many studies have been conducted to
analyze the fire risk of the high-rise building. Chen et
al.(Chen et al. 2012) has analyzed the fire accident
using the accident tree analysis method and the principal
theory of safety system engineering. Liu et al.(Liu et al.
2012) has analyzed the factors that can cause high-rise
building fires, and a partial event tree has been built.
Sun et al.(Sun & Luo, 2014) has madea case study for a
super high-rise building to expatiate the procedure and
methodology of fire risk assessment for super high-rise
buildings. Cowlard et al.(Cowlarder al.2013) has made
some studies on the fire safety design for tall buildings.
For a high-rise building group in a community, the
fire safety is more important. Because of the complex of
itself, such as more high-rise buildings, limited spacing
between buildings, once a fire happened, fire spreading
may arise. As a typical disaster in urban public safety,
high-rise building group fire should attract more
attention and be treated seriously. However, very

limited work has been reported for fire risk assessment
of high-rise building group. Here, based on the
characteristic of high-rise building group, Analytic
Hierarchy Process (AHP) is used to develop a regional
fire risk assessment model for high-rise building group.
As a risk assessment method, AHP has been used by
many researchers in evaluation of fire risk, see (Wang et
al.2012; Ren,2012; Zhang, 2013; Gao, 2014; and
Omidvarief al. 2015) for more details. Then the model is
applied to the fire risk evaluation of a high-rise building

group.

2. Analytic Hierarchy Process

The first step of AHP is to establish AHP structure
index system. The AHP structure index system can be
divided into several layers according to the influence
factors, and the first layer only has one factor. After that
the structure judgment matrix should be built. For the
factors which are below a same upper factor are
compared with each other to confirm the weights of
each factors for the same upper factor based on Table 1,
and then the structure judgment matrix is obtained as

Eq. (1).
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Table 1. Importance degree.

i,j compare a; signification

iis as important as j 1 iis as important as j

iis a little more important than j 3 The former factor is a little more important than the latter

i is obviously more important thanj 5 The former factor is obviously more important than the
latter

iis much more important than j 7 The former factor is much more important than the latter

iis extremely more important thanj 9 The former factor is extremely more important than the
latter

- 2,4,6,8 The middle value between the above neighboring

judgments

wherea; is the result, n is the number of factors.
Obviously, a;>0, a;=1, and a;=1/a;. In order to obtain
the weight of each index, the eigenvector and the latent
root of matrix should be counted, and the sum and
product method is used as shown below.

Aw=A4_ w 2)

wherew is the eigenvector,4,,,,is the latent root of matrix,
and they can be calculated as

Z a;
_ A

W, =—— i=12,--n (3)
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Then the consistency of the matrix should be tested with
the index CR,

_da

RI
ﬂ _
cf =Zm 2 6)
n-1

CR @)

and the value of R/ is shown in Table 2 for different
matrix order.

Table 2. RI for different matrix order

order 1 2 3 4 5 6 7
RI 0 0 0.8 0.90 1.12 1.24 1.32

If CR<0.10, the consistency of judgment matrix is good
and the eigenvector is the weight of each index, or, the
judgment matrix should be rebuilt.

3. A fire risk assessment model for high-rise
building group region

3.1 Comprehensive assessment factors

Based on the causes of high-rise building group, the
comprehensive factors are shown in Fig 1. The
hierarchical model is divided into four layers. The first
layer is the target layer, and the only factor was fire risk
of high-rise building group. The second and third layer
were criterion layers, the second layer include five
factors. Every factor contains its subset of indicators.
The last layer is index layer, and the model includes
twenty five indexes.

3.2Weight of each factors

According to the hierarchical model (Fig. 1), the
judgment matrix can be built. Based on Table 1, the
results of the pair-wise comparison of the target layer
are expressed as Eq.7. And using Egs. 2-4, the weight of
each factors in second layer U,, U,, U., U, U, is
obtained w=(0.313 0.141 0.234 0.234 0.078). Here, in
order to make the operation convenient, a procedure is
developed using Matlab as shown in Fig. 2.

12 2 2
2 1 12 12
A=|12 2 1 1 7

/2 2 1 1
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Fig. 1. Fire risk assessment hierarchical model of the high-rise building group.

Result of subset U,,U,,U,,U,, are shown respectively as
Egs. 8-11. And the weight of the factors in layer three is
obtained, and w,=(0.4 0.2 0.4); w;=(0.297 0.257 0.057
0.178 0.112 0.099); w~(0.065 0.218 0.262 0.105 0.175
0.175); w;~(0.072 0.339 0.589).

U, U, U, U, U, weight
AR BRI SATAEN  weRBEEn  nLamEd e nEFH
U, sasi 1 2 2 2 3 0313
U’? FARARD 1 12 112 2 0.141
U. semmniy 1 i 3 023
Us i ! 3 0z
Ue st consistency of the matrix ; oo
pass
—EMERE ey
Fig. 2. Judgment matrix and consistency.
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Result of subset U,;,U,,U,3,Us, are shown
respectively as Eqs. 12-15. And the weight of the
factors in layer four is obtained, and w,;=(0.225
0.067 0.539 0.169); w,,=(0.833 0.167); w,3=(0.5 0.5);
wps=(0.333 0.667).

1 3 1/4 2
/3 1 1/5 1/3

“1:/ /5 (12)
4 5 1 5

12 3 15 1

A—1 > 13
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A—11 14
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2 1

According to the hierarchical model and the weight of
every layer, the weight of every factor can be achieved.

1

2

3
e =[5 (10)
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3
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The weight is shown in the following

W=(0.028, 0.008, 0.067, 0.021, 0.052, 0.010, 0.062,
0.062, 0.041, 0.036, 0.008, 0.025, 0.026, 0.004, 0.009,
0.015, 0.051, 0.061, 0.024, 0.040, 0.040, 0.016, 0.079,
0.137, 0.078).

3.3Comprehensive assessment model

We could not quantify fire risk of the high-rise building
group only based on the weight of the factors. In this
study, the score of each factor of a certain high-rise
building group should be determined with the aid of the
expert scoring. And Table 3 shows the scoring criteria.
During the assessment, each factor has a score on

the basis of Table 3. And then it will be multiplied by its
weight. The comprehensive score R of the high-rise
building group will be obtained by the summation of all
the factors.

The relationship between the fire risk grades and
the scale is shown detailed as follow

2 <R<4 low-grade risk,4 <R<6 moderate risk,

6 <R<8 high risk, 8 <R< 10super highrisk

4. Application for case study

Then a high-rise building group has been selected for
example. The area of the whole high-rise building group
is 12.28 hectares, and the total construction area is
700000 square meters with ground floor total area of

Score
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190000 square meters. It contains 18 apartments, 2
office buildings, 4 small offices and a large number of
annexes. Supporting facilities include kindergarten and
club. The height of the highest building is 100m. The
scores of each factors is shown in Table 4.

Here, the Matlab procedure is also used to make the
assessment based on the Comprehensive assessment
model built in this study, and part of the assessment
process is shown in Fig. 3.

According to the score and weight of every factor
the assessment of the fire risk of the high-rise building
group can be done as shown in Fig. 3. The quantitative
result of the building group is 4.85681. The fire risk
grade is moderate risk.

5. Concluding Remarks

Based on the Analytic Hierarchy Process (AHP), a
regional fire risk assessment model is developed for
high-rise building group. Fire risk assessment
hierarchical model is built which contains twenty five
impact factors, and the weights of each index are
obtained using AHP method. Marking criterion of each
factor is provided. An assessment program is further
developed using Matlab, to perform the risk analysis
and evaluation procedures. The model is then applied to
the regional fire risk evaluation of a high-rise building

group.

Panel

U, arson, firecracker

b0} YK BRUBEEER

comprehensive fire risk score

SEREE 485681

(b)

Fig. 3. Comprehensive assessment process.
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Table 3. Marking criterion of each factor.

2 3 4 Factors and score
>100 24 -100 <24
U,11(m) 10 6 2
U various and messy general less and organized
al?
10 6 2
Uar Uuis(pegson/km | >3000 oo 1905 | 300-800 <300
) 10 8 6 1 2
U bad general good
" 10 6 2
U Un, nonstandard Stan%?lri(li dfi(r)lfgmam standard
‘ 10 6 2
U,
g U congested partly occupied expedite
a2?
10 6 2
many and some and less rare and
concentrate slightly general | andslightly dispersed
Uasi d concentrated dispersed sperse
10 8 6 4 2
Uas many and some and less rare and
concentrate slightly general | andslightly dispersed
U.sz d concentrated dispersed P
10 8 6 4 2
normal running with
Uy, broken general performance good
10 6 2
normal running with
Uy, broken general performance good
10 6 2
U <lor broken >2 22 and normal
b3 running
10 6 2
insufficient or small | sufficient with small sufficient with
U, Upy cover area cover area adequate coverage
10 2 2
unorganized eneral organized and high
Ups g g quality
10 6 2
. >25 20-25 15-20 10-15 <10
Ups1(min)
U 10 8 6 4 2
b U bad general good
b62
10 6 2
>2times of >requirement and standard
U, requirement <2times requirement
U 10 6 2
¢ refugestorey but
U, nonstandard partially standard standard
10 6 2
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Table 3. (Continued)

2 3 ] 4 Factors and score
poor performance or normal running with ood
U,; broken general quality &
10 6 2
poor performance or normal running with ood
U, broken general quality &
U. 10 6 2
>50 20-50 <20
Ues(m) 10 6 2
U congested partly occupied expedite
«“ 10 6 2
bad general good
Uar
10 6 2
unscheduled or scheduled with poor | scheduled with good
U Uy, overlooked performance performance
d
10 6 2
unscheduled or scheduled with poor | scheduled with good
Uss overlooked performance performance
10 6 2
bad general good
U, arson, firecracker
10 6 2
Table 4. Score of each factor.
Factors Score Factors Score
Height of the buildings U,;; 6 Finishing material U,;, 6
Population density U, ;; 10 Electrical aging U, ;4 6
The spacing between .
adjacent buildings U,,;,, 6 Fire passage U2, 6
Market U3, 6 Ballroom, KTV, restaurant U3, 6
Fire detecting and automatic . L
alarm system U, 2 Fire extinguishing system Uy, 2
Fire elevator U,; 2 Fire hydrant Uy, 2
Part time fire brigade U,s 10 The arriving time of fire brigade U,y 6
The facility of the fire .
brigade Uy 6 Fire compartment and smoke bay U.; 6
Refuge storeyU,, 2 Smoke control system U,; 2
Fire alarm a((;dress System 2 Evacuation distance U, 6
c4
Evacuation exit and . ..
emergency exit Usg 6 Fire-control publicity Uy;
Fire patrol Uy, 6 Facility maintenance Uy; 6
Arson, firecracker U, 2
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