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Abstract: To explore the evacuation situation of the underground space in the Starting Area of
Guangzhou International Financial City under fire, personal evacuation was simulated with Pathfinder
in three zones. Then, the visual animation and the human flow rate diagram were obtained and
analyzed. A fire-risk assessment model based on a combined weighting and the technique for order
of preference by similarity to ideal solution (TOPSIS) is proposed to assess the fire risk of three
zones. First, six second-level indices were determined from three aspects: regional safety evacuation,
regional fire prevention, and regional fire extinguishment. The value of regional safety evacuation
was determined by the results of the evacuation simulation. Second, the subjective and objective
weights of the second-level indices were determined based on the analytic hierarchy process and
entropy weight method, respectively, and a combined weighting method was adopted to reflect the
subjective and objective weights. Next, TOPSIS was used to calculate the relative closeness between
each scheme and the ideal scheme. The relative closeness is an evaluation index used to determine
the fire-risk level of three zones. It was found that the fire-risk level of Zone I is high, requiring
large-scale rectification. The fire-risk level of Zone II is low, and the fire toughness is strong. The
fire-risk level of Zone III is medium and needs local rectification.

Keywords: Guangzhou International Financial City; combined weighting; analytic hierarchy process;
entropy weight method; TOPSIS; fire-risk assessment; underground space

1. Introduction

The development of underground spaces in the Guangzhou International Financial
City saves resources and improves land benefits. However, it may lead to large fire loads,
poor ventilation and lighting, and difficult evacuation. In the case of a fire, personal safety
and normal operation of the financial center will be severely affected [1,2]. On 26 September
2022, a fire occurred in a large underground outlet store in Yuseong, Daejeon, South Korea,
causing the death of two people and severely injuring one person. On 18 February 2023, a
fire occurred in the underground garage of the Tiandi Building in the Huangpu District of
Shanghai, which caused property loss. Therefore, it is critical to simulate evacuation and
evaluate risk in Guangzhou International Financial City under fire to protect property and
maintain social stability.

At present, evacuation simulation is mainly based on software including AnyLogic,
Pathfinder, and Repast [3–6]. Feng et al. [6] used AnyLogic to complete the environmental
and visitor behavior modeling of a gold museum and analyzed the personal evacuation
process and potential safety hazards. Qin et al. [3] utilized the Pathfinder software to
simulate evacuation in a special subway station. Evacuations in dissimilar statuses were
analyzed by setting up a fire scenario and changing the flow rate at the station. Moreover,
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several methods for fire-risk assessment have been developed [7–9]. Lu et al. [10] designed
an indicator attribute threshold interval to classify and quantify different fire-risk category
data and used a Random Forest model to establish a stadium fire-risk assessment model.
Casallas et al. [11] built an early alert system using two machine learning techniques to
calculate the meteorological conditions of two Colombian areas. Omidvari et al. [12] estab-
lished a model based on the analytic hierarchy process (AHP) and consequence analysis
logic to determine the factors influencing fire risk in an education center. However, these
fire-risk assessment methods ignore a combination of subjective and objective methods in
determining the index weight.

In this paper, the evacuation of three underground zones in Guangzhou International
Financial City was simulated with Pathfinder, and the visual evacuation animation and the
human flow rate diagram were obtained. Then, the evacuation time obtained by simulation
was taken as one of the indices. A combined weighting method that considers a subjective
method (AHP) and an objective method (the entropy weight method) were applied to
determine the index weight. Next, the technique for order of preference by similarity
(TOPSIS) was used to calculate the distance between the scheme to be evaluated and the
positive and negative ideal solutions. Finally, the relative closeness between each scheme
and the ideal scheme is determined and the fire risk of three zones is evaluated.

2. Evacuation Simulation
2.1. Simulation Model

Guangzhou International Financial City is located southeast of Tianhe District,
Guangzhou City, starting from Zhongshan Avenue and Huangpu Avenue in the north,
bordering the Pearl River in the south and Tianhe District in the east, with a total area
of 8 square kilometers (Figure 1). The 14th Five-Year Industrial Development Plan of
Guangzhou International Financial City was officially released in February 2022. According
to the plan, the Financial City will be built as the largest underground city in China, with an
underground space of approximately 1.8 million square meters, also making it the deepest
in Guangzhou.
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Figure 1. Geographical location map of Guangzhou International Financial City.

Figure 2 shows a BIM ichnography of the Starting Area in Guangzhou International
Financial City. The BIM of Zones I to III were imported into Pathfinder, as shown in Figure 2.
The Pathfinder models for underground Zones I to III are shown in Figures 3–5.
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Figure 3. The simulation model of Zone I: (a) overall view; (b) plan view.

According to research on crowd evacuation speed and adult body size [13,14], param-
eters for the underground evacuation model of the Financial City were set as shown in
Table 1. An old man or woman refers to a man or woman over the age of 60. An adult
man or woman refers to a man or woman between the ages of 18 and 60. A child refers
to a man or woman under the age of 18. People are distributed evenly in space, and the
crowd density is 0.3 (1/m2). The operating conditions were set as open the fire door, stop
the fire elevator, and no failure of the emergency exit, where a fire door is a door with a
fire-resistance rating (sometimes referred to as a fire protection rating for closures) used
as part of a passive fire protection system to reduce the spread of fire and smoke between
separate compartments of a structure and to enable safe egress from a building, structure, or
ship. A fire elevator is an elevator with certain functions used by fire fighters for firefighting
and rescue when a fire breaks out in a building. Therefore, the fire elevator has high fire
protection requirements, and its fire protection design is very important. The combined use
of regular and emergency exits allows for faster evacuation, and emergency exits provide
alternative means of evacuation if regular exits are inaccessible. An emergency exit’s path
usually ends in an outward-opening door with a crash bar with exit signs pointing to it.
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Table 1. Crowd composition and moving speed of simulation model.

Adult Man Adult Woman Old Man Old Woman Child

Crowd composition 40% 40% 5% 5% 10%
Horizontal moving speed (m/s) 1.2 1.0 0.7 0.7 0.8
Speed of walking up stairs (m/s) 0.5 0.45 0.3 0.3 0.4

Speed of walking down stairs (m/s) 0.8 0.7 0.5 0.5 0.6
Shoulder breadth (cm) 43 38 42 36 32

Height (cm) 175 160 170 155 120
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2.2. Simulation Results
2.2.1. Simulation Result of Zone I

(1) Visualization of evacuation simulation for Zone I

Figure 6 shows the visualization result of the evacuation simulation for Zone I. A total
of 9658 people, which is the maximum number of evacuees in the model, are set according
to the fire evacuation design. Within 5 s of the start of the evacuation, congestion quickly
appeared near doors in Zone I. After 30 s, serious congestion occurred at exits 1⃝, 2⃝, 3⃝,
4⃝, 5⃝, 6⃝, 7⃝, 8⃝, and 9⃝ and stairs No. 1. After 80 s, exits 1⃝, 2⃝, 3⃝, 4⃝, 5⃝, and 6⃝ still

experienced serious congestion, and the congestion of other exits was relieved. After 115 s,
only exits 1⃝, 4⃝, and 5⃝ still remained congested. After 135 s, only the corner near the exit
4⃝ was congested until the end of the evacuation, and the total evacuation time was 169.3 s.
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Figure 6. Visualization result of evacuation simulation for Zone I: (a) 4.8 s; (b) 30 s; (c) 80 s; (d) 115 s;
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(2) Personal flow rate analysis of some exits in Zone I

Figure 7 shows the personal flow rate diagram of some exits in Zone I. There are
multiple doors at each exit, which are represented by curves of different colors. The
personal flow rate of exits 2⃝, 3⃝, 6⃝, 7⃝, 8⃝, and 9⃝ reached the highest in about 60 s, 30 s,
20 s, 30 s, 20 s, and 30 s, respectively, while the rate decreased after 80 s, 120 s, 110 s, 70 s,
100 s, and 70 s, respectively, that is, the congestion was alleviated.
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Figure 7. The personal flow rate diagram of some exits in Zone I: (a) exits 2⃝ and 3⃝; (b) exits 6⃝ and
7⃝; (c) exits 8⃝ and 9⃝.

(3) Suggestions for optimizing Zone I

(a) There is a large area of congestion in the early stage of evacuation in the room near
room a, as shown in Figure 8. It is recommended to add an exit.

(b) Exit 3⃝ experiences long-term serious congestion during the overall evacuation
process. It is suggested to connect the exits 2⃝ and 3⃝ and widen the evacuation width of
exit 3⃝ to reduce the congestion.

(c) Zones I, II, and III are congested for a long time due to corners. It is recommended
to reoptimize the corner design. Stairs No. 1 are single run stairs, so the evacuation width
is insufficient, and it is recommended to modify them into double run stairs.

(d) The congestion of exits 6⃝ and 8⃝ is more serious than that of exits 7⃝ and 9⃝, so it
is suggested to add evacuation guidance to balance the number of evacuees on both sides
of the exit.
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Figure 8. Recommended area for optimization in Zone I.

2.2.2. Simulation Result of Zone II

(1) Visualization of evacuation simulation for Zone II

Figure 9 shows the visualization result of the evacuation simulation for Zone II. After
15 s, exits 8⃝, 9⃝, and 20⃝ began to experience more serious congestion. Exit 1⃝ and the exit
in Zone III also experienced different degrees of congestion. After 28 s, the congestion was
severe at exits 12⃝ and 20⃝. After 32 s, the congestion at exit 10⃝ became worse. After 50 s,
the crowds were mainly concentrated at exits 9⃝, 10⃝, 12⃝, and 20⃝; however, fewer people
were at exit 11⃝, which was close to exit 10⃝. After 126 s, in addition to the large crowd at
exit 10⃝, the rest of the stairs had only a small number of people, and the crowd in the room
had been basically evacuated. After 231 s, a small number of persons remained at exits 13⃝,
15⃝, and 16⃝, and the rest had been evacuated. A total of 15,169 people were evacuated in
Zone II, and it took 303 s.
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(2) Personal flow rate analysis of some exits in Zone II

Figure 10 shows the personal flow rate diagram of some exits in Zone II. Exits 9⃝, 10⃝,
and 11⃝ began to have serious congestion after 12 s, 15 s, and 32 s, respectively. After 50 s,
the crowd was mainly concentrated at exit 10⃝, and few people were at exits 9⃝ and 11⃝.
After 210 s, there were still many people at exit 10⃝, and except for a small number of people
on the stairs, the crowd was basically evacuated.

(3) Suggestions for optimizing Zone II

(a) Exit 9⃝ is in the lower part of Zone II, and many people evacuate through this
exit, but the exit is small and thus the congestion time is long. It is recommended to direct
people to other exits to prevent overcrowding.

(b) Exit 10⃝ is in the hub zone with a large flow of people and experiences obvious
congestion. Exit 11⃝ is close to exit 10⃝, but the personal flow rate of exit 11⃝ is much lower
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than that of exit 10⃝. Therefore, it is recommended to guide some people from exit 10⃝ to
exit 11⃝ for evacuation.
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total of 6599 people, which is the maximum number of evacuees in the model, are set 
according to the fire evacuation design. After about 7 s, congestion quickly appeared 
near the exits. At 34 s, there was severe congestion at exits ②, ⑦, ⑧, ⑨, ⑩, ⑪, and ⑮ 
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Figure 10. The personal flow rate diagram of some exits in Zone II: (a) exit 9⃝; (b) exits 10⃝ and 11⃝.

2.2.3. Simulation Result of Zone III

(1) Visualization of evacuation simulation for Zone III

Figure 11 shows the visualization result of the evacuation simulation for Zone III.
A total of 6599 people, which is the maximum number of evacuees in the model, are set
according to the fire evacuation design. After about 7 s, congestion quickly appeared near
the exits. At 34 s, there was severe congestion at exits 2⃝, 7⃝, 8⃝, 9⃝, 10⃝, 11⃝, and 15⃝ and
stairs No. 4, No. 6, No. 7, and No. 8. At 70 s, the congestion was relieved, but the exits 2⃝,
9⃝, 10⃝, and 11⃝ and the stairs No. 4, No. 6, No. 7, and No. 8 remained heavily congested,

with the evacuation stairs No. 8 being the most seriously affected. At 101 s, only evacuation
stairs No. 1 and No. 4 to 8 remained congested. After 183.5 s, only evacuation stairs No. 7
and No. 8 were congested, and the evacuation took 214.8 s to complete.
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(2) Personal flow rate analysis of some exits and stairs in Zone III

Figure 12 shows the personal flow rate diagram of some exits in Zone III. The personal
flow rate of exits 7⃝ and 8⃝ peaked at around 60 s and began to decline, and the evacuation
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efficiency of the two exits was a little different. The flow rate of exits 2⃝ and 9⃝ was smaller
than that of exits 7⃝ and 8⃝, but the evacuation time of exits 2⃝ and 9⃝ was greater than that
of exits 7⃝ and 8⃝. Exits 10⃝, 11⃝, 14⃝, and 15⃝ were the main evacuation exits in Zone III. Exit
11⃝ causes longer evacuation times due to the fewer number of evacuation doors and the
larger flow rate compared with other exits.
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Figure 12. The personal flow rate diagram of some exits in Zone III: (a) exits 2⃝, 7⃝, 8⃝, and 9⃝;
(b) exits 10⃝, 11⃝, 14⃝, and 15⃝.

Figure 13 shows the personal flow rate diagram of the stairs in Zone III. The flow
rate in stairs No. 2 is zero. According to Figure 11, people near stairs No. 2 are inclined to
choose exits 4⃝ and 5⃝ according to the shortest path principle, which results in congestion
at exit 4⃝ in the initial stage of evacuation. Due to the fact that there is no other exit near the
evacuation stairs No. 4, the large flow rate was maintained until the end of the evacuation.
The evacuation efficiency of stairs No. 5 to No. 8 was basically the same. There were more
people near stairs No. 8, so the evacuation time was longer than that of stairs No. 5.
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to 8.

(3) Suggestions for optimizing Zone III

(a) Exits 10⃝ and 14⃝ are located opposite from each other, and while exit 10⃝ is prone to
being congested, the number of evacuees at exit 14⃝ is small. Therefore, it is recommended
to direct the crowd of exit 10⃝ to exit 14⃝ to improve the evacuation efficiency.

(b) It is recommended to strengthen the evacuation guidelines for stairs No. 3 and
No. 2, and guide people of exits 2⃝, 7⃝, and 8⃝ to stairs No. 3 or No. 2 to reduce the
evacuation intensity and time of exits 2⃝, 7⃝, and 8⃝.

(c) It is suggested that evacuation stairs No. 7 and No. 8 be partially evacuated to exits
12⃝ and 13⃝ to improve evacuation efficiency.

(d) The evacuation crowds at exits 10⃝, 11⃝, 14⃝, and 15⃝ are dense, so it is recommended
to strengthen on-site management to avoid stampedes.
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3. Index Weight Calculation Based on Combination of Subjective and
Objective Weights
3.1. Index Weight Calculation Based on AHP
3.1.1. Selection of Destination and Index Layers

During the decision analysis process, the AHP generally starts from the decision-
making objectives of the system to hierarchize and organize the problem and then build a
hierarchical structure. Based on this, a multilevel analysis structural model was developed.
Based on the design standards and reference [15] and fully integrating the opinions of
engineers and experts, a hierarchy table was constructed (Table 2).

Table 2. Hierarchical table and symbolic representation.

Destination Layer Fire Risk Assessment (A)

First-level evaluation
index layer

Regional safety
evacuation (B1) Regional fire protection (B2) Regional fire extinguishment (B3)

Second-level evaluation
index layer Regional evacuation time (C1)

Average area ratio of fire protection
zones (C2) Regional hydrants and fire risers (C5)

Regional blowing-out shafts (C3)
Regional blowing shafts (C4) Regional wells (C6)

3.1.2. Construction of Judgment Matrix

A pairwise comparison method was introduced to establish a judgment matrix to
provide reliable data [16–18]. By comparing these two factors, the importance of each index
can be determined quantitatively. Let aij be the weight of the ith index relative to the jth
index if they belong to the same index as the upper layer. If x elements are to be compared
relative to the index of the upper layer, the corresponding judgment matrix is extended to
an x-order matrix, and aij = 1/aji. Table 3 lists the valuation criteria for ranking the relative
importance of the two indices.

Table 3. Valuation criteria of the relative importance of two indices.

Numerical Scale Implication (Comparison of Pairwise Factors)

1 Both are of equal importance
3 The former is slightly more important than the latter
5 The former is moderately more important than the latter
7 The former is highly more important than the latter
9 The former is extremely more important than the latter

Other The median value of the above adjacent judgments

Furthermore, the importance of the index was evaluated based on the actual situation
of the project [19]. Based on the hierarchy and index importance in Tables 2 and 3, the
judgment matrices of the destination layer and the two index layers were constructed, as
listed in Tables 4–6.

Table 4. Judgment matrix of A.

A B1 B2 B3

B1 1 1 4/3
B2 1 1 4/3
B3 3/4 3/4 1

Table 5. Judgment matrix of B2.

B2 C2 C3 C4

C2 1 3 2
C3 1/3 1 1/2
C4 1/2 2 1
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Table 6. Judgment matrix of B3.

B3 C5 C6

C5 1 1/4
C6 4 1

3.1.3. Weight Calculation and Consistency Test

Let the judgment matrix of an index be Q, the weight vector of the index relative to
the lower index layer, and U is the eigenvector corresponding to the maximum eigenvalue
λmax of Q. Let uk be the kth element of U. uk can be determined using Equation (1):

uk =

l
∑

j=1
akj

l
∑

i=1

l
∑

j=1
aij

(1)

where l is the element number of U. Furthermore, λmax can be expressed as follows:

λmax =
1
l

l

∑
i=1

(QU)i
ui

=
1
l

l

∑
i=1

l
∑

j=1
aijuj

ui
(2)

Constructing a judgment matrix can achieve comparatively excellent results in reduc-
ing the interference of other factors, objectively pointing out the similarities and differences
in the influence of a pair of factors and providing credible data. However, there are still
shortcomings, i.e., a degree of inconsistency exists. Therefore, it was necessary to conduct a
consistency check. The consistency ratio, CR, is defined as follows:

CR =
CI
RI

(3)

where CI is the consistency index, which can be determined using Equation (4), and RI is
the average random consistency index, which is related only to matrix order, l.

CI =
λmax − l

l − 1
(4)

CR < 0.1 is regarded as the acceptable standard of consistency of the judgment ma-
trix. If the requirements are not satisfied, judgment matrix Q continues to be modified.
Subsequently, the weight vector of the judgment matrix that satisfied the consistency test
is calculated.

Based on Table 2 and Equation (1), the weight vector of the destination layer relative
to the first-level evaluation index UA can be determined as follows:

UA = (0.364, 0.364, 0.272) (5)

Similarly, the weight vectors of B1, B2, and B3 relative to the second-level indices UB1,
UB2, and UB3 are obtained as follows:

UB1 = (0.67, 0.33) (6)

UB2 = (0.54, 0.16, 0.30) (7)

UB3 = (0.2, 0.8) (8)

The above calculation passed the consistency test. Let the weight vector of the second-
level index obtained by AHP be W1, where the value of each element is its weight in the
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first-level index multiplied by the weight of the first-level index in the destination layer.
The calculation results are as follows:

W1 = (0.364, 0.196, 0.058, 0.109, 0.055, 0.218) (9)

3.2. Index Weight Calculation Based on Entropy Weight Method
3.2.1. Original Data of Zones I to III in Financial City

In this study, the entropy weight method was used as an objective evaluation method
to calculate the index weight. When the entropy value of information is high, its weight
is low [20,21]. The original index data of Zones I to III in Financial City are listed in
Table 7. The regional indices in Table 2 are equal to the original index data divided by the
regional area in Table 7. For example, the regional evacuation time (C1) is equal to the
evacuation time divided by the regional area. The value of regional safety evacuation time
is determined by the results of evacuation simulation, as shown in Figures 6, 9 and 11. The
average area ratio of the fire protection zones (C2) is equal to the average area of the fire
protection zones divided by the regional area.

Table 7. Original index data of Zones I to III in Financial City.

Original
Index Data

Evacuation
Time (s)

Average Area of Fire
Protection Zones (m2)

Blowing-Out
Shafts

Blowing
Shafts

Hydrants and
Fire Risers Wells Regional

Area (m2)

Zone I 169.3 2187.7 12 11 41 1 13,445
Zone II 303 2080 10 14 38 14 15,547
Zone III 214.8 2309.3 10 13 40 6 11,863

3.2.2. Standardization of Original Data

For positive indices, the standardized formula is expressed as follows:

bij =
xij − xmin

xmax − xmin
(10)

where xij represents the initial data of the jth evaluation index in the ith evaluation object;
bij is the standardized value of xij; xmin is the minimum value of the jth evaluation index
in all evaluation objects; xmax is the maximum value of the jth evaluation index in all
evaluation objects.

For negative indices, the standardized formula is expressed as follows:

bij = 1 −
xij − xmin

xmax − xmin
(11)

In this paper, except for C2, which is a negative index, all the indices are positive. The
original data after standardization are listed in Table 8.

Table 8. Result of the standardized data.

Second-Level Indices C1 C2 C3 C4 C5 C6

Zone I 0 0.53 1 0 0.65 0
Zone II 1 1 0 0.30 0 1
Zone III 0.8 0 0.80 1 1 0.52

3.2.3. Calculation of Information Entropy and Weight

Let pij be the proportion of the ith standardized value in the jth index. pij can be
expressed as follows:
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pij =
bij

m
∑

i=1
bij

(12)

where m is the zone number, that is, m = 3. The information entropy of the jth index, Ej,
can be expressed as follows:

Ej = − 1
ln n

m

∑
i=1

pij ln pij (13)

The difference coefficient of the jth index is calculated according to the information
entropy, which can be expressed as follows:

gj = 1 − Ej (14)

Let the weight vector obtained by entropy weight method be W2 =
(
went

1 , . . . , went
n

)
,

where n represents the numbers of the evaluation index, and went
j (1 ≤ j ≤ n) is the weight

of the jth index calculated by the entropy weight method, which can be expressed as follows:

went
j =

gj
n
∑

j=1
gj

(15)

The calculation results of the information entropy and weight of indices are shown in
Table 9.

Table 9. Information entropy and weight.

j 1 2 3 4 5 6

Ej 0.63 0.60 0.63 0.50 0.62 0.59
went

j 0.15 0.17 0.15 0.21 0.16 0.17

3.3. Combined Weighting Method

The combined weighting method is a linear combination of weights obtained using
different methods to determine the most reliable index weights [22,23]. The combination
of the AHP and entropy weight method was adopted in this study to eliminate their
individual shortcomings and improve their results. The optimal combination weight, W, is
defined as follows:

W = α1W1 + α2W2 (16)

where α1 and α2 are the weight coefficients of the AHP and entropy weight method,
respectively. α1 and α2 can be expressed as follows:

αk =

2
∑

i=1
WiWτ

k

2
∑

j=1

2
∑

i=1
WiWτ

j

, k = 1, 2 (17)

where Wτ
k is the transposition of Wk. By substituting Equation (9) and the values in Table 9

into Equations (16) and (17), the combined weights of the indices are as follows:

W = (0.266, 0.184, 0.10, 0.156, 0.10, 0.197) (18)

4. Fire Risk Assessment of Urban Underground Space Based on TOPSIS

TOPSIS is an effective multi-index evaluation method that has been verified in practice.
In this method, the construction of positive and negative ideal solutions is the core of the
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evaluation problem. Based on the relative closeness between each scheme and the ideal
scheme, the optimal actual scheme is selected [24–26].

The decision matrix, B, consists of m × n elements, and bij is defined as the ith row and
the jth column element, which can be determined by Table 9. Then, the weighted decision
matrix is constructed, and its solution is as follows:

cij = wjbij (19)

where wj is the combined weight of the jth index. Furthermore, positive ideal solution C∗

and negative ideal solution C0 are determined. c∗j and c0
j are defined as the jth index values

of C∗ and C0, respectively, and their values are derived as follows:
c∗j = maxcij

i
c0

j = mincij
i

j = 1, 2, . . . , n (20)

The distance between the scheme to be evaluated and the positive and negative ideal
solutions is then calculated. The distance from the ith scheme to the positive ideal solution,
s∗i , can be expressed as follows:

s∗i =

√√√√ n

∑
j=1

(cij − c∗j )
2, i = 1, 2, . . . , m (21)

The distance from the ith scheme to the negative ideal solution, s0
i , can be expressed

as follows:

s0
i =

√√√√ n

∑
j=1

(
cij − c0

j

)2
, i = 1, 2, . . . , m (22)

The relative closeness between each scheme and the ideal scheme, fi, is expressed
as follows:

fi =
s0

i
s0

i + s∗i
, i = 1, 2, . . . , m (23)

Based on the “red, orange, yellow, and blue” safety risk–control system proposed by
the China Emergency Management Bureau, the requirements of fire prevention codes for
building design, and the recommendations of experts in the fire control field, the urban
underground fire risk was divided into three levels according to the relatively close degree
(Table 10).

Table 10. Urban underground fire-risk assessment level.

Domain Risk Level

(0.66, 1] Low risk, and acceptable
(0.33, 0.66] Medium risk, and needs local rectification

(0, 0.33] High risk, and needs large-scale rectification

Finally, the relative closeness of Zones I to III in Financial City was calculated using
MATLAB, and the fire risk level was obtained using the values in Table 10, as listed in
Table 11. The fire risk level obtained in this paper cannot be verified from “real fires”
as no one wants a fire to happen. However, after the risk assessment results in Table 11
were obtained in this study, three experts in the project management team of Guangzhou
International Financial City (a design engineer, a safety manager in a construction unit, and
an operations manager of an operation unit) were consulted through expert interviews.
They believed that the evaluation results in this study are reasonable.
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Table 11. Fire risk level of underground space of Zones I to III in Financial City.

Relatively Close Degree Risk Level

Zones I 0.29 High
Zones II 0.68 Low
Zones III 0.59 Medium

5. Conclusions

Firstly, evacuation simulation models were established based on Pathfinder for three
zones of Guangzhou International Financial City, and the visual animation and the hu-
man flow rate diagram were obtained and analyzed. Then, an urban underground risk-
assessment method based on the combined weighting method and TOPSIS was developed.
The proposed method was applied to Zones I to III in Financial City. This process can be
summarized in the following three steps:

(1) Based on analytic hierarchy process (AHP), six second-level indices are determined
from three aspects: regional safety evacuation, regional fire prevention, and regional fire
extinguishment. The value of regional safety evacuation was determined by the results
of the evacuation simulation. A judgment matrix is constructed and then the subjective
weight vector of second-level indices is determined.

(2) According to the data of Zones I to III in Financial City under the above second-
level indices, the objective weight of the indices is obtained by the entropy weight method,
and then the weight vector considering subjectivity and objectivity is determined by the
combined weighting method.

(3) The relatively close degree between each scheme and the ideal scheme is calculated
by TOPSIS, and it is used as an evaluation index to obtain the fire risk level of Zones I to III
in Financial City. The fire risk level of Zone I is high, requiring large-scale rectification. The
fire risk level of Zone II is low, and the fire toughness is strong. The fire risk level of Zone
III is medium and needs local rectification.
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