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PLANNING OF DISASTER PREVENTION ROAD BY FOREST
FIRE SIMULATION IN NITHAMA

w)E
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By Ryoichi FUKAGAWA, Tatsuro MURO and Takeshi NAKAO

A disaster prevention road, which is used also for a fire prevention zone, is thought

as one of the important countermeasures from the point of view of civil engineers. The

plan of the: disaster prevention road, the location of which minimizes the area burned

under some constraint condition, can be made in the following order ;

(1) formulation

of alternative plans, (2) fire simulation against each alternative plan, (3) evaluation
of the area burned in each alternative plan and selection of the optimum solution, The

fire prevention roads on Mt. Kaneko, in Niihama city, are employed as an example of the
decision procedures taken in planning a fire prevention road. Four kinds of the coun-

termeasures placing the disaster prevention road within the forest are proposed and are
evaluated by use of the forest fire simulation model. The effect of the constraint condi-

tion on the result of simulation is also scrutinized. Finally a guide to planning disaster

prevention roads is proposed.

Keywords . forest fire, simulation, disaster prevention road, optimum solution

1. #

TR O I IAME I & U T OB EME S — i
EWd, FARDITERBOTOENI EHEV, FER
IR 22 F DB AN L, ASSICH L CHREBIC &
B, OERUREAEPEETMEAKBIIAAE O
L5, MEAKOIESHIES & CBERO 2ok /2
BEHMSNREL S, ZOI M HAERRT A &%
BIRL, MO ARHOZHELZETI®5. L
Fe S TEWERIC S 2B XK O L HIET 5
EFERHIBE K L EELHEE £ VB S. WA I
?é%“ﬂ%tbfdﬁ&@b@%%ié"tﬁ?%é

, B K % ke 72 B 5GE % B AR MR O FRB 2 &
*I%%&ﬁ%%é%f%éo.unbmﬁ%mm?n
HHBHUETURIHRNTHEEELZ LMD, X
X T REORBICERZLTILY, BELLEED
Br i ERCE A EMEOKE - FHECBEL T, b UKED
BEMEIE—TH 5 LT, KKIC k2 8BEEsS
NI A= =bixh, Thbb, dHRNXHFOLET

il

*ExBE TH FREAFHM LERBELEH
(F790 ¥ALLTTSORET 3)
*»* E£8 T BRAESE (AL
R ERB BRA¥EAER4 (AL)

BRER L B/ S T A SCERERERESEE LV, £
D& B TOFRETRETCE 5. ORBFEDOL
REZOUTIHORE. ORECHTBEREY I 2
L—Y sy, OEBHEC L LHEEREEORE. o
D&HBEEFFEI—BEELDRITTHS. FOHEA
Bl& LT HRRETOMLLRETINE &0 5, Aok
REFMICTU 2. Bt TRy S BATE EHE T %K D54t
ZRF L.

2. MEXKOBEH

(1) HEXSCET 3REROME

OAETIIERL EGR UL T ORRICHKEB IS %
BLTVAD. FIBEFANEAEFig 1V hpobbh s
& BT AKX OERMIRTH 5. 1985 FLLESEE
TORBFBEAFKIZEFEL TH Table 1 12872 L5 15k
KoIFE LTS,

DL IERT HMFARICHL TR LVELD
MRS LS TELD, WFAKOERERE BERE
LI-ERPEB IS £ I - 12013, HBERNEED
ZETHB. ThLRIOKKICEET AR ELTIE, 2
EzE, RIS IhOREE X 5 & OIS 8
B U 72 BF550 9%, ATRRIRIEOREITIR - 1R, 72
IR B U RGO S A RBEERRIC BT B I gE



42
Fig.1 The occurence of large-scale forest fire
(greater than 50 ha) (1977~1985)"
(Remark ; one point at Kitakyushu city
represents 16 points),
Table 1 The main firest fires which occured in Ehime Pref.
during 1985~1987.
Period Damaged region Bur?ﬁg)area A'z;‘ilﬁigrfx ggrml?ge
1985, Kawanoe
2/2~5 Toyohama and Ohnohara 391 350
in kagawa Pref,
1988, Niihama 239 84
4/6~17
1987, Ohmishima 299 130
2/28~3/3
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y / E : Principal fire spreading vector
W : Wind vector
S : Topographic vector

P, q : constant

X

Fig.2 Determination of the principal direction along which the

fire spreads from wind and topographic vectors,
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Table2 Variables used in analysis,
Tten Variable | Unit | Remark
Vind direction 0w deg *
vind
Vind velocity w o/s _—
Azimuth of maximum s deg *
Vector | Topography inclination
Angle of inclination S deg —_
Azimuth Oe deg —
Prinpal fire
spreading Parareter needed in E _— | —
determining 0z
Principal fire Ve n/h —
spreading speed
scalar | Fire spreading | Fire spreading speed Ve w/h *x
speed to side direction
Pire spreading speed Vs n/h EX XY
to back direction

¥ 2 Clockwise direction (from North to East)
is taken positive.
% % : Perpendicular direction to principal
fire spreading direction
% % % ¢ Opposite direction to principal fire
spreading direction

Table3 Difference between original program and the improved

program.

The factors The effect of Topographic

affecting obstruction on information

fire spread fire spread
The original 1.T6pography Without Azimuth and
program 2.Vind speed consideration angle, of maximum

and direction inclination

The improved | the same column | Disaster calculation
program as above prevention road | from altitudes

Input data as to wind (W) and topography (S)

)

Calculation of azimuth 8¢ of principal fire
spreading vector

e =tan'( Ey /Ex)

where
Ex |= Sx Wx | P | P,g are constanst
E. Sy We g1 as to vind and

topography
p=4.37 q=20.57

)

Calculation of principal fire spreading spead Ve

Ve = 66.10+1.44-S-cos( 8¢ — 05 )
+51.30-Wcos( 8¢ — 0w )

!

Calculation of fire spreading speed to any direction

¢ is an angle taken from principal fire spreading
direction {(Clock wise direction is taken positive).

Ve =V, - 10°% 020"
Ve =V, - 1070814

(¢=xx/2)

(¢=x)

V=(cos* $/Ve? + sin® ¢/V,  *) "2
(—x/2545x/2)

V=(cos® $/Vs? + sin® ¢/VoL2) "~/
(-xS¢<-x/2, =/ 2<$Zx)

-Calculation of fire spread

Fig.3 Flow chart for simulation of fire spread.
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Fig.4 Simplified expression of hill

surface by use of triangles.
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Fig.5 Most frequent wind direction and average wind velocity

during March~May in Nithama city.
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Fig.6 Analyzed area
(Mt. Kaneko in Niihama City).

(4/5,15:00)
------- After 4 hour
(4/6,19;00)
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Table4 Wind direction and Speed in Niithama City
during 6th and 7th April in 1986.

Hour 1415816117 |18{18[20(21
Vind - - - - - s - -
direction

v vsv V| ‘vsw| wsw| wsw| wsv| ws¥

Vind speed 9111 9 ] 7 8 7 6

(n/s)
Hour 22128 0 1 2 3 4 5
Vind
direction - gl RN 1 N A ~ N\

vsv v NNV N L NV VNW [ N¥

Vind speed 8 9 [:3 4 3 3 8 3
(n/s)

Hour 6 7 8 9)]10)11}12

Vind A % LY -

direction - -
SSE| SE SSe| — vsv ¥ v

'S
™

Vind speed 1 1 1 0 3
n/s

v‘\ S
R
N

X
\g

S

@ Outbreak of fire ——«—— After § hours [ ]

{1)Result of observation

NN
N

£
V00 V)

(2
N

<

==

Outbreak of fire ——-— After 9 hours
(4/7,0:00) (4/8,15:00) (4/7,0:00)

———— After 15 hours aceeeee After 4 hour e After 15 hours
(4/7 .6:00) (4/6,19:00) {477 .6:00)

(2)Result of simulation

Fig. 7 Fire spread.
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3004
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[5) 4 )
éo 200 . /
2
< a: Average value
G : Standard deviation
150 — t

0 100 200 300 400 500
Number of random outbreak points of fire

Fig.8 Relation between number of ramdom outbreak points of
fire and average area burned.
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Fig.9 Alternative plans for disaster prevention road planning
(dark shadow : new non-flammable zone due to disaster
prevention road, light shadow : existing non-flammable

zone, remainder : inflammable zone).
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(3) BR). 20 &5 oRE, S BAMBERBORET
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NVERBKEIZE->T, 55XE%5TRITHE LA
DESED HF5ENTE, TRAKEZONEIE U
AHBLREOREZRAA (Fig.9 (4) BR). 2
TIODEOLREBELZASHIE L8 LI 5.

5. MiNERELUEER

(1) REEOFE

DL 3 2 R EICO W THIBI TR~ £ 51 12 B
BgOBEEBE2EE L. Z0MEE > Wi BRmE
CIEHERES Table5 IR L 2. BiSOEARE LS -
1BEDOLEEIETRE 231.9 (ha) THBHH, EOD
TICE->THM30~50 (ha) DFBEHBEALERTE S
Tt B, AERMIC plan VARG ISFHEEMICK 2
BENHEOLNZ P> ZOXEREN. 02 & ER5EE
DOFBRIAERCHTHAELVSL LA, WEFEHAI
B SHIGEDONEDS &K CEREMICKTFEL TV ALY
WMcExs LH3PUEMICASBE, TablebpoHI%E
L IENELTHHERBEEZ L E1180.22 (ha),

47

Table5 Result of fire simulation,

Plan | Area burned (ha) | Standerd deviation (ha)

1 182. 0 21.57

i 180. 22 21,14

m 179. 39 23. 40

v 194,17 20. 54

250 +
<— 2319
g
%/ 200 + .
"%
g N
g —— PlanI \\\\
£ 1504 = Plnll ~
] —a=- Plan IIl
2 4+ PlanlV
< *  Without
countermeasure
100 + + +
0 500 1000 (m) 1500
0 10 20(miltion yen) 30

Total length of disaster prevention road (m)
Cost for disaster prevention road(million yen)

Fig. 10 Relation between the length of disaster prevention road

and the average area burned.

179.32 (ha) /NS Wt bbb, 0B 2 TEI
FEREEEESRD T, BRRELMELATHEE T
BEEARXLIEIVEASNLDT, BEEER/NTHRD
5556 AROHRTRREEEHIEcE L. SO X
BIZOWVTE, S ICEEE NIEEOEAIT LT
R THHEEZONEY, 2L LTHNEHZTY
BRHEETCR R VEHMTE S, ‘

G Hhis T IR 53 & 61 IR KK RE L2
WEOBEERmBIRIBOB® 661 (ha), 239 (ha) ¢H-
fr. ERBKEAREL S - HIBSOTREBER
e UCHEEEREZ P2 < &b 50 (ha) BEISER
TELHIEILRS.

(2) HWEEOEHHICOWVT

BIE TR 5B S EER % 1000 (m)
KEELTEA. Uy UEBICKRE A RIS LT
BATX L FEIREINTHS. 2 CHEEEE %
B (1500 (m), 500 (m)) UT, By EACEHEDH
KE DD TEERZ L DIZ OV TEFOFEIEII>VT
EZELUTH. 1000 (m) 12DV T {T- 728040 & i
TEBHE2TEBHET ] ~NEOWHKBERE* S E
EOFH B> TEELIZERELZRIIOWT S
BEB X050 E35. ZO/EZ Fig. 1010 &
BHiz.

a) PRKELERDBE

Fig.9 (1)~(4) »ofikErsERTAELLTI,
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Fig.11 Alternative plans for disaster prevention road planning

under different constraints.
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Fig.13 Relation between the average area burned and wind.
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Fig.12 Alternative plans for disaster prevention road planning under different constraints.

Ixz£25. BWLBAERUVIEEZZNENILE,
Mo ko Eicl, ZORE% Fig.11 (1), (2)
I o

. RIAAEITHEE UTOBKEREEDIKAZR -
fz. CORTRKENEICADL > TEEXNIZOTH
KEIZ k> TR AIND LD T8 o1z, Zhick
LTI ETHREZEEL 22IcXic w4 % B
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10.085 (ha), 9.513 (ha) &% -7, ZOKER» S,
T LA FEEGROERIEE TCH -1z, T hdh
KRBEOEEIZ & OMFOMRNASEELIEE ~ 12720 T
»HHH.

b) B5FXERNDOHE

TR I~MRE>VTHEEZE N LEZF N
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nhotz. 2O Table s OFRE IIF—KULT

Wns.
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frlElRblkoTNBEEZHNS,

(3) BRAOEHIZCDOWT
KHAFRICBENTYIab—Ya v TRANKET -5
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