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ABSTRACT

Since accidents of hazardous material transport vehicle on roadways cause severe damage in the
form of disaster, foreign countries have long been engaged in systematic management and
establishment of relevant laws and policies for the road safety. Recently, over 10-kilometer long
tunnel, such as Inje-Yangyang Tunnel and Geumjeongsan Tunnel, has been opened on the
expressway and the production of various hazardous materials is increasing with the development
of chemical technology. However, road laws related to the safe operation of hazardous materials
transport vehicles are still lacking, and policy measures for managing them have not been
specified. It is an important task to recognize the risk of accidents of hazardous material transport
vehicles and to secure road safety by establishing a management plan for road managers.
Therefore, this study analyzed the feasibility of the traffic regulation of expressway tunnel in South
Korea and suggested a direction for management. The results of this study can be utilized as the
primary data for the revision of law related to hazardous materials transport vehicles on roadways
and the derivation of optimal route of hazardous materials transport vehicles.
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(Table 1) Hazardous materials transportation vehicles involved crashes

Crashes involved hazardous materials truck® Crashes involved hazardous materials tank-lorry?)
Year Total crashes First-party only Total crashes First-party only
(crash/year) (crash/year) (crash/year) (crash/year)

2007 22 15 0 0

2008 40 30 3 1

2009 39 22 0 0

2010 32 24 5 1

2011 26 18 0 0

2012 37 24 1 1

2013 28 22 2 2

2014 24 20 3 3

2015 23 21 2 2

2016 19 17 5 5
Average 29.0 21.3 2.1 1.5

Note: “First-party only” includes cases where the hazardous material transport vehicle is a perpetrator and “Total crashes”
includes cases where the hazardous material transport vehicle is a victim or a perpetrator.
Source: Internal data (2017), Korea Expressway Corporation Research Institute
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stk wekA UNFHB8ANY3] Wt=Ee IA9E =25% 733 (Buropean Agreement concerning
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(Table 2) Types of hazardous materials restrictions by a classification in Taiwan

Types Class Hazardous Materials Classification
1.1 Explosives with a mass explosion hazard
Prohibition 1.2 Explosives with a projection hazard
1.3 Explosives with predominately a fire hazard
14 Explosives with no significant blast hazard
1.5 Very sensitive explosives; blasting agents
32 Flammable Liquids(mid flash point)
Temporary 33 Flammable Liquids(high flash point, > 23°C, <37.8°C )
permission 4.1 Flammable solids - wetted class 1 explosives, self-reactive
with 4.3 Dangerous when wet materials - gives off flammable or toxic gas
escort 5.1 Oxidizers - by yielding oxygen, causes or enhances the combustion of other materials
vehicles 52 Organic peroxides
9am~4pm 6.1 Poisonous materials
6.2 Infectious substances
Radioactive Materials
Corrosive Materials
33 Flammable Liquids(high flash point, > 37.8°C)
No - -
restrictions 42 Spontaneously combustible materials
9 Miscellaneous Dangerous Goods

Source: Directorate General of Highways, MOTC (https://www.thb.gov.tw)

Colorado Road tunnels have been assigned a range of five categories. Each tunnel will be assigned to a particular
ou loar Matarials category following a risk assessment, including considering the availability and suitabilty of altemative
foutes and transport modes

Wallasey ¢ The categories are:
Birkenheag
tunnels aheaq Ao restrictions
7 B — restrictions for dangerous goods which may lead to a very large explosion

C ~ restrictions for dangerous goods which may lead to a very large explosion or a large toxic release

Q E D - restrictions for dangerous goods which may lead to a very large explosion, to a large to toxic release or
1o large fire
E - restritions for all dangerous goods

t

" [Tunnel [Category
[Darfora C
Mersey D
Ciyde )
[Ramsgate A
[Limehouse E
[Rotherhithe E
[Blackwal E
[East india Dock Road E
[Tyne D

§ Between 0400 and 2300. Category E

et s At other fimes: Category C

Source: https; //Www.colorado.gév/paciﬁc Source: http://www.roadsafeeurope.com/uk-tunnel -restriction-codes

(Fig. 1) Traffic restrictions for hazardous <(Fig. 2) Roadway sign for a hazardous materials
materials transporting vehicles in U.S. vehicle and tunnel codes in U.K.
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dol A }:TL_E A 9152 A (Singapore Civil Defence Force: SCDF))ell AFHAIIE dfof gt} A7lx= 75
(National Environment Agency: NEA)ol A= AAH 34 5 Al 2 34 X AxE JFgsta Q)
on FEAFEL QuUx Ay AFHETHS A2 ok FhTh(Singapore Civil Defence Force, 2014).

B Aol A= <Table 3>°ll 319 Fo5E59 AREL F5AF S22 Ay FRA AT A48
Wtk Flelle 1EEE W A= FeatE FATAE Holl 2Ast A=A e v, 8
Al EETF =AY kA o] E}EE]‘HO]: st 8 A 9 bl Y EE FEAEY SIS

]
FEe 2
L Yok £ YAFBL 7MF S BN A4Sl AAAZE Yol AP 2TER FHZA
L AR T 53 MRS 4940 ARE S AREL s Ao EAE,

(Table 3) Comparison of foreign regulations for hazardous materials transport vehicles

Country Law Prohibited facilities Permit system Types of passing

In the event of a disaster, the
Over 5km-long tunnel and | road management office
Submarine tunnel temporarily issues a travel
certificate.

Escort pass during
assigned time
periods

Japan |Road law

pre-report submission for

hazardous materials transport
routing plan to the Ministry of NA
Transportation and obtaining

Highway segment assigned
Road Traffic Safety by the Ministry of
Regulation Transportation (overpass road,
tunnels, lamps.)

Taiwan

temporary travel pass

pre-report submission for
USDOT CFR49 Federal . . hazardous materials transport
Tunnels and b
US. |Hazardous Materials unnels and bridges assigned routing plan to the road Escort
. by State government .
Transportation Law management office and obtaining
temporary travel pass

ADR(European Agreement Based on ADR funnel pre-report subnu§510n for Esc.ort pa§s during
Europe |of Dangerous Goods by . hazardous materials transport assigned time
category restrictions . .
Road) routing plan periods
Fire Safety Petroleum and
Singapore | Flammable Materials CBD, KPE tunnel NA NA
Regulations
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(Table 4) Impact Area by Hazmat Class

Hazmat Class Impact Area(mile)
Explosives 1.0
Flammable Gas 0.5
Poison Gas 5.0
R Farmable/Combustible Liquid 05
Cnsus blocks Flammable Solid 0.5
Ref. Batta and Chiu,1988 Oxidizer/Organic Peroxide 0.5
Poisonous, not gas 5.0
(Fig. 3> Impact area of a vehicle and the resulting Corrosive Material 0.5

fixed bandwidth impact area around a link  Ref. US DOT, 1996

e Evacuation distance and NFPA code (example)
Assign a segment type Select Hazardous Set a standard for
Ty . [Ev: tion|Fl ble| Reactivity
for HAZMAT restriction materials tunnel selection Hazardous materials |22 0" z’s;’zeg :Sgr“;?
Acrolein 0.8km 3 4
+ Mainline *  Accident preparedness *  Tunmnel location
+ | Tunnel substances * 4 Tunnel length Arsine 1.6km 4 2
5 . 1ve - - —
i Explosive materials raffic volume
- Bndge D o Dibarane 1.6km 4 3
+ Ramp *| Flammable materials *  Tunnel structure
+| Acute toxicity Ethylene oxide 1.6km 4 3
materials
Hydrogen cyanide 1.6km 4 1
[ [ [ Hydrogen sulfide 1.6km 4 o
—  Traffic accident —  High rate of ~ Necessary toa Methyl chioride | 1.6km A 0
mortality rate in HAZMAT volume specific type of
tunnel, 2.3 times of —  Possibility of fire & tunnels
general traffic explosion | — Considering the
accident 1 —  Case study of length of the tunnel
— Evacuation space international in terms of disaster P REACTVITY
g eqe . . avrant FIC HAZARD 4~ May Detonate.
— Possibility of chain literatures prevention 3. Shock and Heat
. May Detorate
explosion T 2 Viden el Gharge
% Radiation Hazard 0- Stable

(Fig. 4) Decision making process of traffic restriction for a hazardous materials transporting vehicle
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Risk (Index value) = Length of the link (in miles) % accident rate (probability) on the link (per mile) x conditional
release probability given an accident % population density in the neighborhood of the link (persons per mile-sq)

X(phi)(impact radius)® (in miles-sq) )

(Table 5) Tunnel over 4km on expressway (as of July 2017)

Route Tunnel (Direction) City Open Distance (km)
Expressway route 60 Inje-Yangyang (Chuncheon) Gangwondo Inje ‘17 10,965
Expressway route 60 Inje-Yangyang(Yangyang) Gangwondo Inje ‘17 10,962
Expressway route 65 Yangbukl (Pohang) Gyeonsangbukdo Gyeonjgu ‘16 7,543
Expressway route 60 Yangbukl (Busan) Gyeonsangbukdo Gyeongju ‘16 7,540
Expressway route 55 Jukryeong (Busan) Gyeonsangbukdo Yeongju ‘01 4,600
Expressway route 55 Jukryeong (Chuncheon) Gyeonsangbukdo Yeongju ‘01 4,600
Expressway route 40 Geumsung (Pyeongtaek) Chungcheongbukdo Jecheon ‘15 4,465
Expressway route 40 Geumsung (Jecheon) Chungcheongbukdo Jecheon ‘15 4,427

(Table 6) Comparison between expressway routes and detour routes

Expressway Detour roadway
Tunnel Travel distance (km) Travel time (min) Travel distance (km) Travel time (min)
Jukryeong tunnel 18.46 14 22.84 32
Geumsung tunnel 2822 24 31.92 32
Yangbukl tunnel 11.87 9 20.95 41
Inje-Yangyang tunnel 25.55 16 35.38 40

1) 2% JHE(eh Mot U Efd ST i B
S AWBA FEAEe] BY BRFAE daAE rER, Aol Breln 2017 A
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E49 OWSP E2L5E st 1“”*‘4%‘:% THAHoE fgYste AHE AA-d3te] 9EEE &5
o A FAHE HAAeR HUHT 33 ALEA Al Al&-Ad et 0133 dAgE Adste A
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