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Quantitative Fire Risk Assessment and Counter Plans Based on FDS and GIS for

National Road Bridges

Ho June Ann', Cheol Woo Park’, Yong Jae Kim®, Young Ik Jang®, Jung Sik Kongs*

Abstract: In recent years, unexpected bridge fire accidents have increased because of augmenting the number of traffic volumes and hazardous materials
by the increment in traffics and distribution business. Furthermore, in accordance with the effort of using the under space of bridges, the ratio of occupied
by combustible materials like oil tanker or lorry has been increased. As a result, the occurrence of bridge fire has been growing drastically. In order
to mitigate the accident of bridge fire, risk assessment of bridge fire has been studied, however, practical risk models considering safety from users’

viewpoints were scarce. This study represented quantitative risk assessment model applicable to national road bridges in Korea. The primary factors
with significant impacts on bridge fire accidents was chosen such as clearance height, materials of bridges, arrival time of fire truck and fire intensity.
The selected factors were used for Fire Dynamics Simulation (FDS) and the peak temperature calculated by FDS in accordance with the fire duration
and fire intensity. The risk assessment model in bridge fire reflected the FDS analysis results, the fire damage criteria, and the grade of fire truck arrival

time was established. Response plans for bridge fire accidents according to the risk assessment output has been discussed. Lastly, distances between
bridges and fire stations were calculated by GIS network analysis. Based on the suggested assessment model and methodology, sample bridges were

selected and graded for the risk assessment.
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Table 1 Fire risk grade of concrete bridge

Grade Evaluation Criteria
I(None) The possibility of fire ignition is insignificant due to existing streams.
II(Low) The structural components have on obvious damage. The maximum temperature reaches less than 300°C.

The structural components are slightly damage. None of the reinforcing bars are exposed, and the damage depth is less than 20 mm. The
bond strength between the concrete and the steel bars is slightly damaged. The maximum temperature ranges from 300°C to 600°C.
The structural components are obviously damaged. The steel bars are exposed in the local area, and the damage depth is greater
IV(High) than 20 mm. The bond strength between the concrete and the steel bars is seriously damaged. The maximum temperature
ranges from 600°C to 900°C.

The structural components are seriously damaged. The bond strength between the concrete and the steel bars is seriously
damaged, and several steel bars are burned down or distorted. The maximum temperature reaches more than 900°C.

1I(Moderate)

V(Critical)

Table 2 Fire risk grade of steel bridge

Grade Evaluation Criteria
I(None) The possibility of fire ignition is insignificant due to existing streams.
II(Very Low) Less than 460°C - creep and deformation of steel members hardly occur
Creep, the time-dependent deformation of a material, may be significant in structural steel at temperatures in excess of 460 C.
I(Low)
The maximum temperature ranges from 460°C to 538°C.
The yield strength is approximately 60 percent of the value at normal room temperature. The modulus of elasticity has
IV(Moderate) . . ° °
decreased appreciably from the value at normal room temperature. The maximum temperature ranges from 538°C to 700°C.
V(High) Steel retains about 20 percent strength and stiffness. The steel surface will become noticeably oxidized and possibly pitted,
& with some accompanying erosion and loss of cross-sectional thickness. The maximum temperature ranges from 700°C to 1000°C.
Extreme overheating beyond the rolling temperature can be expected to reduce steel properties to a larger degree. There will be
.. evidence of pitting and flaking on the steel surface if this extreme heating has occurred. The high temperature strength loss and
VI(Critical) . . [ .
thermal expansion will be extreme at these temperatures and structural damage or collapse will likely precede any overheating
material damage. The maximum temperature reaches more than 1000°C.
S BLILow), s EIV(Moderate), 55 V(High), & VI(Critical) Table 3 The fire suppression mobilization time(Martin, 1999)
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Table 4 Fire suppression mobilization time grade

Grade Fire suppression moblitztion time grade
I(1 grade) Less than 5 minutes
I1(2 grade) 5~8 minutes
II(3 grade) 8~10 minutes
IV(4 grade) 10~20 minutes
V(5 grade) More than 20 minutes
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Fig. 4 FDS model of fire with growth and change

Table 5 FDS model of fire with growth and change

Car Bus Truck Harzardous
Truck
Fire intensity

MW) 10.0 20.0 30.0 100
Growth rate(a) 0.05 0.1 0.15 0.5

Decay rate([3) 0.002 0.001 0.001 0.001
Growth 450. 450. 450. 450

time(Sec)

Peak time(Sec) 268. 455 102. 350
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Table 6 Model of fire intensity and size of source

Type Fire intensity Size (WxDxH)
Car 10 MW 4.34x1.7x1.0
Bus 20 MW 4.5x2.0x1.0
Truck-A 30 MW 6.1x2.0x1.0
Truck-B 50 MW 6.1x2.0x1.0
Truck-C 100 MW 6.1x2.0x1.0
Harzardous truck 130 MW 8.74x2.5x1.0

Table 7 Material properties of bridge(Zi et al., 2014)

Division Explanation Concrete Steel
EMISSIVIYT Emissivity 1.0 1.0
CONDUCTIVITY Heat(f;?n‘i;‘gwity 1.7 45.8
SPECIFIC_HEAT Sf(’ginfl;gat 0.75 0.46
DENSITY ](?;/“fr‘g 2400.  7850.

Temperature sensor placement

Vertical clearance 16m
(4~15m)

190 St2PZSXTICHS X235 =27F M 21 ®6E(2017. 1)

2ol] BolHAE FieAde] B2 HlES
%FJLJL FEl= RS slelet. AA| wE
1 =08 %%‘6}71 13l Table 6914 AAISHZ
Zro] A Yol wet FotalE 1 m¥ =07 FH Al =sfst
k. Fig. 50 2254 14%12} AR AXE eI
FDS 3487t 37159 mx8 mx16 m= AA5FF 19 mx8 m
x1 m 37]9] éeﬂﬁ ﬂamr Table 8°]| AA|%H stelo 2 mdl]
= olSirh 8hele WS AR Sk AR (A ) e} shiAE
(o 5 w7 EHOM &‘@@fﬂ SHsiE WEAI717] wizel
(Baik et al., 2016), M-S Wl o] A Fotof] Yx|A 7L
2R O efAf] FRks 7 A = 2] Sl
AR 52 AR]of] 25k W sHEEHIA o] 2Iof Tl
ZA51ck. shAA7H A A% 7] D Mesh size= Table 81| A
Al

Table 8 Characteristics of analytical model

Division Contents
10MW 2980sec
20MW 5600sec

Analysis time S0WM
S0MW 6060sec
100MW
130MW 10800sec
Size of slab bridge (WxDxH) Imx8mx1m
Mech size 24%20%40=19,200
(0.4m>0.4mx0.4m Cell)
Atmosphere Temperature(°C) 20°C
Boundary Floor. Ceiling Heat insulated

condition Others Atmosphere air condition
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Fig. 6 130 MW Steel bridges temperature-time curve
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Fig. 7 130 MW Concrete bridges temperature-time curve

2.3.4 FDS analysis results
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AMu|A~ge BA So] Qltk(Lee and Sim, 2011). &2 ¢9-= 1)
EQ3 A= 9 AFte]| 5 =2]o] B2 OD Cost Matrix 7|5
o Apasiart

RS Sloll B Rt 7| ZHo[El= oot o] Aeid 4= Qlrk

- A 7125 g|o|E|(network data set): £33 H 24 1 A410]

do| D AAKE AR 25}
- At AP O] QIXA B point data

4 é@i%il:._ﬂi—‘: F.__E._QJ Hlﬂﬁ\—EE 5\_&4;{45_2._ /\}._Q_
SHA, YE T EATA A ARE-S 215l point Hlo]E|29]
5ol "pAo)7] wiZe] HhwsF 7343719t A= AHA
1246712] pointE GIS A =2 =313}

7= GISO] sidal= Fig. 83 £oH, YZTH Fig.
8(a)y= I, Fig. 8(b)= AHA 9] == LFE W, Fig. 8(c)=

o5 E3lsle] TR2EYIE 7§02 S OD cost matirx
analysis 4] A7E YA WEFAE] £44GEE o] &
off AL o] 7|k A=t = HIEQ]T X &= glo]ejAlle] 2=
8 AHPAel et W GIS A=E FHAI71H Fig. 83
£ *O] SHz|eF A2 9] m2ATE ALEE & ”%‘ = Stk GIS

12 ATl Fig. §(c)& HTSHA R4j5:300] ik 4o
2 Ho|x|qk A WA ALt 9 Ay k2 v ]E%Eﬂﬂﬂ‘*
FE AR LE AHE| B R 7} wego]| Hisl Table 42] 412 9]
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2 TSGR g 582, 8-108, 10-204, 2080h& 4
goto] S Brimde S5Fc Y9k B oA X5
I y&2 7 wEo] @ska4 m~15 m)et 3] (10
MW~130 MW) 2 745111 752 433 TafA|7Ee 2 J14J5)
o] 35 9 WrIRES 1S5 oM, SdE HF Rde] A
BTl w2 t-SHIEE A -GSt oAl HiekE o
HHQ1 Hieto & Bgsto] Atk

251 23 E 2] 34 HA = 55971

FDS o4& &oll =5 W52 ol -2k kgL
(Table 4), 279 =255 17 Yof| TEol= 289 21
HEH-25(Table 1), 18|11 P20 ofE I 2 E wFo] &
e 2835l Fig. 99t do| I Eno| tieh3% @
B7F 2dS AAsknk B 1@ e FrieEe ahle] 37]
o} weko] Folal(4 m~15 m) 120l A TREo) 37 &
o7 FAE]0] 910, Grade I (None)= 51 52 &A= 2
7Fs/do] mlmfsital aEl= 7392 weFe] shie S el &
o= BRoHe S olal, 2] 55< I (Low), Hi(Moderate), IV
(High), V (Critical)i= SV ot A= T 2PA| T o] whe} weg

of SRS E Wk ¢ 4 ek

Table 9 Fire risk assessment in concrete bridge applied 130 MW

N
K

APE 715 285107 Table 129} Zo] thghil=t 737
o ZAishs delef 10719 22 Ene] e s
Aot S =7 Y19 S A o' wetE= 130 MWE A4
Flom, Yol shiety 55 HHgstairt. A =AY
TAA= GIS O] 48Tl A =APAZES Table 4
o] 29 kel met 2771 7hssith o 2ves
Fig. 90l t st Z12te] ojed-sg= Ade = Sl

o
-

® (Critical

® High

@ Moderate
Low

Fire
suppression 3
mobilization

time grade(Minf
1

Vertical
clearance(m)

Fig. 9 Triaxis risk assessment model for concrete bridges

Fire suppression Vertical Under the bridge

Fire intensity Bridge name Risk grade Suburb fire station moblization fime clearance(m) condition
130MW Gasan IC bridge Critical Yeoju fire station 7 min 4.6 General road
- Gung non Bridge Critical Pyungtaik fire station 8 min 7 Unpaved road
- Neung won Bridge Critical Bundang fire station 11 min 4.5 General road
- Duksung bridge Critical Yongin fire station 7 min 30 sce 43 General road
- Deade bridge Critical Yangpyeong fire station 20 min 4.5 General road
- Gilmeung bridge Critical Pocheon fire station 11 min 6 General road
- Ganmea bridge High Yeoju fire station 7 min 30 sce 4.5 General road
- Bonghwa bridge Critical Hwaseong fire station 15 min 30 sec 4.6 General road
Table 10 Fire risk assessment in steel bridge applied 130 MW
Fire intensity Bridge name Risk grade Suburb fire station ;ﬁi;;ﬁgﬁfﬁ cllee:rtlf:(lm) Undce;:giiizﬁdge
130 MW Damyang bridge Moderate Hwaseong fire station 18 min 4.5 S:;;izhrf::é
Neri overpass bridge ~ Very Low Anseong fire station 4 min 4.5 General road
Dongrim bridge Very Low Bundang fire station 9 min 4.8 General road
Geumnam bridge Moderate  Namyang-ju fire station 12 min 4.5 General road
Goduk bridge Very Low  Pyungtaik fire station 7 min 4.8 General road
Gosan bridge Very Low Gwangju fire station 7 min 30 sec 43 Highway
Dongbang bridge None Hwaseong fire station 7 min 5.3 Only stream existing
Balahn bridge Very Low  Hwaseong fire station 1 min 30 sec 4.5 General road
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2.5.2 Ao 34 A= 5971

FAE W] 919 E Pt nE7 A = FDS 9 oA At
£ Zdueo] &4 5goll 28515tk Table 2). WA 7Fs/de] Bl
o]3t Grade I(None)= Alelstyl UHZ] 55 1(Very Low),
II(Low), IV(Moderate), V(High), VI(Critical)°] T2 Ig%=
S3%7H= Fig. 103} Zo] YeR 1.2 ™, Table 102 7 &)
= 7t 28 Aok

@ Critical

® High
Moderate
Low
Very Low

Fire
suppression 3
mobilization

time grade(Min)2

Vertical
11m  clearance(m)

Fig. 10 Triaxis risk assessment model for steel bridges

Table 11 Counterplans

2.5.3 aLFeHA 9] oSyt

Table 10 E+= Table 117} Zro] thAtw ko] S¢S0
= S SR e E2 AR e Tl wE o
SRS A8, SEARALE APl eldstal tiH]ote=
I ot APAHKim et al., 2013; Wright et al.,
2013)°llA AA =N th-s M-S BAlste] S 7Hs
A, AR 24 AA 59 FEE2 LRl(Mitigation) -2
2 2ok, 3R Y Al GaFARl thgo] 7hsote S FHlst
£ FFE-2 tfH]|(Preparedness) t-5-2- = L+0] Table 111 A

lo it
o
it
o
Kl

W] Sl wegshiol FAbE AbF T A2 HelE
o] A4 81 wE el Hig ™ ZtAgol| A REE TR
= tekst Aelof| oAl Bt Lee et al., 2011). W] <
oliA 27 EAgsHA EH EE0] /gl Wt ofuz}
APt wEAF- = QIR FIFA] HAA SR o]ofRl

Bridge fire grade Critical High
*Mitigation *Mitigation
- Control Combustible Materials - Control Combustible Materials
- Remove bus stops and parking lots - Remove bus stops and parking lots.
- Propose detours for hazardous material truck - Propose detours for hazardous material truck
- Install speed dump - Install speed dump
- Install speed indicator - Install speed indicator
- Improve drainage system. - Improve drainage system
- Traffic Control
Counter plans *Preparedness
*Preparedness - Establish contingency plans linked to fire department
- Install fire surveillance equipment and secure fire
- Install fire suppress equipment
- Establish contingency plans linked to fire department
and secure fire
- Reinforce the bridge with fire resistance
design/rehabilitation
- Manual Fire Alarm Boxes
Bridge fire grade Moderate Low/very low

*Mitigation
- Control combustible materials
- Remove bus stops and parking lots.

Counter plans

*Preparedness

*Mitigation
- Control combustible materials
- Remove bus stops and parking lots.

- Propose detours for hazardous material truck

- Establish contingency plans linked to fire department

and secure fire
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