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Abstract. The mechanism model of bridge fire disaster is established by applying the theory of
vulnerability. By using Delphi method analysis and screening the vulnerability factors, using cluster
analysis and hierarchical analysis establish the evaluation index system of the vulnerability. The
vulnerability assessment model is established by applying the method of Delphi and the
Comprehensive Index method. Combining the mechanism model, influence factors, evaluation
index system, evaluation model and safety countermeasures to build the bridge fire risk assessment
system. Among them, the vulnerability evaluation index system can be used as a bridge safety
design key control system. Research results can provide the theory basis for bridge risk assessment,
safety design, operation and maintenance, etc, also provide the reference data for bridge design,
maintenance and curing phase and upgrade stage.
Nomenclature

A first classindexes
second class indexes
the exposure function
the sensitivity function
consensus i mportance concluding by the judge of the experts

the residence function
the vulnerability of bridge
the fractional value corresponding to the fuzzy description of the secondary index

Greek symbols
f  theweight of first level indexes

j  theweight of secondary indexes

X 43 0w

|  therelative evaluation value of the first level indexes

Subscripts
A thei-thfirst level indicators

B;; thej-th secondary indicators corresponding to thei-th first level indicators

ij

Introduction

In recent years, domestic and foreign bridge fire accidents happen frequently, which lead to
casualties, traffic congestion, damage to the bridge structure, and cause great social impact and
economic losses. Due to the rareness and complexity of bridge fire accidents, the development of
bridge fire accident mechanism, risk warning and rescue strategy is slow and little relative research
has been done. At home and abroad, fire protection design has not been considered in most of the
bridge structures design. And the technical improvement in bridge fire prevention is not involved in
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the improvement of disaster prevention and mitigation of bridge engineering[1]. Zhang, G[2] have
studied the fire resistance performance of reinforced concrete beam bridge through the
establishment of fire high temperature safety evaluation model. Hu, J[3] studied the fire separation
technology in building fire protection, which can be applied to fire protection of bridge structure.
Sun B.[4] initially established a bridge fire risk assessment system which can guide the bridge fire
accident mechanism and risk control system research. Garlock[5] studied the possible hazards of
bridge fire, and Kodur[6] sudied the key control factors for bridge fire safety design, which can be
used to guide the bridge fire safety design research.

Vulnerability theory is an important complement to the theory of risk, which explains the nature
of the disaster and has been applied in many fields. Yue, Y. L.[7] exploited the theory of
vulnerability to study the impact of traditional threats on social and public safety. Giuliani L[8]
studied the bridge fire vulnerability for the first time. Through the study of the vulnerability of
bridge fire disaster, it can realize the exploration of the essence of bridge fire risk from the
perspective of the bridge itself, which is of great significance to risk control, safety design and
safety economic decision[9]. However, and the key of further reducing vulnerability is the
vulnerability analysis and assessment of the bridge in design or operation phase[10].

Analysisof Bridge Fire Disaster

The causes of different fire scenarios are different, and their accident probability, influence
consequence, safety prevention and control measures and on-site emergency response are also
different.

The relationship between vulnerability and disaster is shown in equation (1-1):

Disaster Factor A Vulnerability of Disaster Bearing Factor = Disaster Risk (1-1)

The three elements of bridge fire disaster vulnerability are shown in Fig.1.
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Fig.1 Three elements of bridge fire disaster vulnerability

Vulnerability Assessment of Bridge Fire Disaster

Constructing the Mechanism M odel of Bridge Fire Fragility Vulnerability
The mechanism model of bridge fire disaster vulnerability is shown in Fig. 2.
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Fig. 2 The mechanism model of bridge fire disaster vulnerability
The vulnerability system of bridge fire disaster was constructed by cluster analysis and analytic

hierarchy process, as shown in Fig. 3.

Evaluation Index System of Bridge Fire

) Y ]
Bridge Fire Exposure
N

! | number and qualification | ;
of security managers

driver safe driving
proficiency

bridge span type

service characteristics | |
of bridge

social status of bridge
average daily vehicle /
ship flow

daily traffic of hazardous | |
i | chemical vehicles ¢ ships | |
| safe distance between | |
bridge and major hazard
TESOUCE

site selection of bridge

Safety publicity and
education and training

Disaster Vulnerability

structure type of bridge

material type of bridge

the service life of the

bridge

status rating of bridge

fire history of bridge

worst fire scenario

L] ) L £ .
Bridge Fire Sensitivity Bridge Fire Resistance
k4 v

knowledge of fire
emergency of related
personnel
[‘ability to receive accident
information of related
personnel

i | bypass distance of bridge

estimated fire loss

effectiveness of
emergency rescue
| command organization
implementation of
L‘Illl!l'gl_‘l'!l_'_\f plilﬂ.‘i

fire fighters and
equipment

fire rescue response time

Fig. 3 Risk Assessment Index System of Bridge Fire

The secondary assessment indexes are quantified according to the "one-point system", such as
dividing the score into 1 point, 2 point, 3 point, 4 point, 5 point from low to high, corresponding to
the five levels respectively, namely, "one, two, three, four, five", the score is the relative weight of
its indicators (the interaction between the indicators and Indicators are not considered). And the
higher the level, the greater the weight of the index. The specific score and fuzzy description are

shown in Table 1 and Table 2.
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Table1l. The grade standard of bridge fire disaster vulnerability secondary indexes
. Classification and Value of
Evaluation I ndexes P
secondary indicator s
First level . . Seco Thir Four _.
index Secondary indexes First nd d o th Fifth
number and qualification of security managers 1 15 2 25 3
(B10)
driver safe driving proficiency (B11) 1 2 3 4 5
bridge span type (B12) 1 2 3 4 5
_ _ service characteristics of bridge (B13) 1 2 3 4 5
B&dp%igr';e social status of  bridge (B14) 1 15 2 25 3
(A1) average daily vehicle/ ship flow (B15) 1 2 3 4 5
daily traffic of hazardo(ule%r;emlcal vehicles/ ships 1 5 3 4 5
safe distance between bridge and major hazard 1 15 2 25 3
resource (B17)
site selection of bridge (B18) 1 15 2 25 3
safety publicity and education and training (B19) 1 2 3 4 5
structure type of bridge (B20) 1 2 3 4 5
material type of bridge (B21) 1 2 3 4 5
. ) the service life of the bridge (B22) 1 175 25 325 4
Bridge Fire . .
Sensitivity status rating of bridge (B23) 1 2 3 4 5
(A2) fire history of bridge (B24) 1 15 2 25 3
worst fire scenario (B25) 1 2 3 4 5
knowledge of fire eme(rggg;:y of related personnel 1 15 2 25 3
ability to receive accident information of related 1 5 3 4 5
personnel (B31)
Bridge Fire bypas§ dlstancg of bridge (B32) 1 15 2 25 3
Resistance estimated fire loss (B33) 1 175 25 325 4
(A3) effectiveness of emergency rescue command 1 15 2 25 3
organization (B34)
implementation of emergency plans (B35) 1 15 2 25 3
fire fighters and equipment (B36) 1 15 2 25 3
fire rescue response time (B37) 1 2 3 4 5
Table 2. Fuzzy description of the vulnerability assessment index of bridge fire disaster
. Three level index——T he fuzzy description cor responding
Evaluation Indexes to the quantitative grade of two level index
First
level Second level indexes 1 2 3 4 5
indexes
lack of
Bridge Number and qualification  meetthe  personnel not
fire of security managers  requirement and confioured —_—
Exposur (B10) s qudificaion ™'Y

Q

e =
(A1) driver safe driving

proficiency (B11)

bridge span type (B12) <30m 30~100m  100~500m 500~1000m [11000m

[J10years 5~10years 3~5years 2~3years <2years
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service characteristics of tractor pedestrian  railway  highway rr;: R/vma)tﬁi
bridge (B13) bridge bridge bridge bridge d;g
social statusof bridge regular landmark  famous
(B14) bridge bridge bridge
average daily vehicle/ _, o\ 1000/100~ 5000/500~ 2000071000 ”50800/ 5
ship flow (B15) 5000/500 20000/1000 50000/5000
gﬂ‘gﬂfgﬁ/‘;ﬁl:‘gfﬁ?“s 100/10~500/ 500/50~ 1000/100~ “5080/ S0
(B16) P <10010 50 1000/100  5000/500
safe distance between no major meﬁg msuffli(;l]ent
bridge and major hazard hazardous Pacing Pacing e e
requirement requirement
resource (B17) resource < <
site selection of bridge  mountainou suburbs area. urban area
(B18) s/rural area
complete  complete
o
o publicity  publicity o
- publicity publicity
safety publicity and and and
. = and . : and no related
education and training : education  education : i
education - .- education materials
(B19) .. andtraining and training -
and training materials. materials and training
materials, ’ ' materials,
. enough regular .
many times . : lesstimes
times times
structure type of bridge . . rigid frame cable - suspension
arch bridge beam bridge . stayed .
(B20) bridge : bridge
bridge
reinforced prestressed steel-concre  sted
material type of bridge  masonry reinforced te bridge/
: concrete .
(B21) bridge bridge concrete  composite  wooden
9 bridge bridge bridge
the servicelife of the
bridge (B22) <l15years 15~30years 30~50years [150years o
B][_idge Status ra(tll3r1293c)>f bridge Category 1 Category 2 Category 3 Category 4 Category 5
ire
_ firehistory of bridge (B24) Highfire Mediumfire Lowfire  Nofire
"A‘Bé perception perception perception  history
(A2) electric fire
dangerous ...
near near  comMmMonN hitting by
: o : goods
thebridge vehiclefires major X dangerous
; . vehicles/
: . fire near the hazardfire o goods
worst fire scenario (B25) o : : shipfire
sensitive  bridgefire  near the near transport
structure  sensitive bridge tive vehicles/
/arsorr:g ighti  structure stSrEuI ' ctSI Ures ships
knowledge of fire nofire insufficient regular fire
emergency of related safety fire safety safety —_— —_—
_ personnel (B30) training training training
Bridge 1 3 4
fire  ability to receive accident emergenc 2 emergency eMErgENCY  Emeraenc 50emerge
Resistan  information of related 9eNY " access gency gency ncy access
access access access
ce personnel (B31) channels channels
(A3) channel channels  channds

bypass distance of bridge
(B32)

[130km 15~30km <15km _— _—
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extraordinar iof eneral
estimated fireloss (B33) ily serious maé big accident 9 id e
accident accident accident

effectiveness of
emergency rescue
_— general good  verygood «~—— S—
command organization
(B34)

implement of emergen
g gney poor general good e e

plans (B35)
o _ Second .
firefightersand equipment  gass First class Special fire
general fire genera fire station
(B36) Sation station

fire rescue response time
(B37)

[130min  20~30min 10~20min 5~10min <5min

Vulnerability assessment model based on Delphi Method-Composite Index Evaluation
M ethod

Assumption: (1) Exposure, sensitivity and stress resistance are independent of each other,
contributing to the vulnerability of equality; (2) The higher the exposure and sensitivity in a
particular system (such as bridges) in a particular disturbance (such as fire) while the lower the
ability of the system to respond to disturbances, the higher the vulnerability of the system; (3) The
vulnerability is linearly related to the degree of exposure, sensitivity and resistance; (4)
Vulnerability is positively correlated with exposure and sensitivity, while negatively correlated with
stress resistance.

Based on the hypothesis, the evaluation model of linear correlation function is established:

exf

=22 (3-1)

Delphi Method-Composite Index Evaluation Method is a combination of Delphi method and
the composite index method used to improve the defects of expert judgment, reducing the
differences, subjectivity and fuzziness in the expert scoring.

The specific calculation steps involved in the Delphi-Comprehensive Index Assessment are as
follows:

Determine the weights of the secondary indicators.

J gj =X (3-2
Calculate the weight of the first level indexes.

k
é. max{i Bij}
fy=t— (3-3)

j max, total
Calculate the evaluation value of the secondary indexes.
j ALBij = Gi (3'4)

Calculate the evaluation value of the first level indexes.
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&
aJ A, Bij
Dy =+ (3-9)
o] A
a max{l Bij}

j=1
Calculate the relative evaluation value of the first level index.
i =Dp X 4 (3-6)
Repeat step 1~step 5 and calculate the relative evaluation value of all the first level

index,'l"z"s.

Taking the value of L1l 2andl 555 the judgment standard, determine the grade of the exposure,

sensitivity and resistance of the evaluation object according to the 5 intervals obtaining by dividing
the index evaluation range into 6 pieces equally.
Calculate the vulnerability score of assessment object.

Substitute ' 1+ 229 s into formula (3-1):

I 1 4 2
I 3

According to the 5% (excellent), 15% (good), 60% (middle) of the maximum value of the

vulnerability assessment which is divided into four grades, and then determine the vulnerability
level according to the assessment score.

To = (3-7)

Conclusion
To reduce the vulnerability of bridge fire disaster, following can be considered:
( 1) Fire protection design for fire vulnerable / sensitive components.

Fire facilities, equipment and fire sensitive structures should be equipped with fire
extinguishers, emergency rescue telephone and emergency communication broadcast on the bridge.
And fire sensitive structure can be painted with thick fireproof coating.

( 2) Sensitive structures are equipped with anti-collision facilities.

The navigation mark is supposed to be set under the bridge, and the crash pads are built on the
piers, and the anti-collision barrier is arranged on both sides of the bridge.

( 3) Manage of the transportation vehicle/ship of dangerous goods.

The classification and monitoring of transport vehicles and ships shall be carried out according
to the fire source power of dangerous chemicals. The monitoring of bridge decks and under-bridge
shall be strengthened when the vehicles and vessels with high dangerous level passing.

( 4 ) Fire safety management / education training system.

Operating units are responsible for the identification and control of fire hazard, regular safety
inspection, external experts for safety training and training professional team.

Conduct emergency plan drills regularly.

I mprove emergency response plan, regular safety drills.
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