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Study on the Ways to Improve Deep Underground Road Facilities
and Operation Based on the Cases of Longitudinal Tunnel
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Abstract : Recently, starting with the deep underground road construction plan in Seobu Expressway, Korea, there area many studies on
deep underground roads to be newly built. However, there is an extreme lack of safety standards, which does not consider traffic
conditions and road driving characteristics. Therefore, this study reviewed safety elements to reflect in the deep underground road
planning by analyzing driving stability of longitudinal tunnels with road environments, which resemble deep underground roads. For
comprehensive analysis, the characteristics and causes of the accidents that have occurred in seven longitudinal tunnels with a length of
2km or over in Gangwon area, were collected. Specifically, geometric structures and facilities of each tunnel were investigated. Also, the
present state of facility installation and the changes in driving speed of vehicles passing through each tunnel were observed to analyze the
causes for the traffic accidents in each tunnel and accident reduction alternatives. It was revealed that the most frequent accidents in the
tunnels resulted from the changes of traffic flow due to the abrupt speed reduction of forward vehicles, or the failure in speed control of
following vehicles during the traffic congestion situation. Moreover, installing facilities such as plane and longitudinal curves, median
strips and marginal strips seem to induce consistent driving speed. These results mean that for accident prevention, speed management
must be preceded and there is a need to develop and introduce safety facilities actively to control the driving flow of forward and
following vehicles.

Key Words : longitudinal tunnel, accident analysis, speed profile, transportation facilities
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Table 1. Summary of literature review

Ofol

Methodology Author Implication
Accidents increase if the curve radius
» Park(2011) is more than 2,000 m and the shoulder
Statistical is less than 2 m in tunnels
analysis
The tunnel’s shoulderlane width
Blaauw(1974) widenings need to be at least 2.0 m
KoROAD(1996) Car s;zeeds increase starting from the
tunnel’s center
. Cars are shown to accelerate at 1.6 km
F1§ld Lee(2002) from the tunnel‘s entrance
experiment
The driver’s visual workload increases
Kim(2009) by 41% 200 m before the tunnel’s
entrance
The driver feels psychological pressure
Kim(2007) and the driver’s eyes become tired during
tunnel driving
. Drivers are shown to have decreased
Virtual Hirata(2000) cognitive at the partial merging area.
simulation
experiment In a tunnel, the driver tends to drive
Martens(2003) | more on the left side of lane compared
to when driving on a normal road
The more delineators, lateral width
Wang(2010) widenings there are the safer it is
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Table 2, List of longitudinal tunnels
Sort Name Distance(km) | No. of lanes
Dunnae 33 4
Expressway Jinbu 1 2.1 4
Gangneung 5 2.1 4
Dumun dongjae 2 2.5 2(one-way)
National roads Bachuryeong 5 2
Sooin 29 2
Local roads Misiryeong 3.5 4
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Table 3. Traffic accident in the longitudinal tunnel

# of Accidents Fatalitics seriously | Slightly
Sort Name frequency ( le) injured | injured
(Syears) people (people) | (people)
Dounnae 32 0 26 129
Express [ by 1 15 0 14 28
way
Gangneung 5 4 4 25 10
dg}g‘;‘z 1 0 2 0
National
roads | Bachuryeong 1 1 2 0
Sooin 0 0 0 0
Local -
r(:)aC;s Misiryeong 2 0 0 3
Sum 55 5 69 170
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Table 4. Number of accidents with regard to accident cause of tunnel

Sort (unit : number of accident (%)) Dunnae Jinbu 1 Gangneung 5 dgg::;nz Bachuryeong| Sooin | Misiryeong Sum
Unobtained
Rear- safety distance 16 (29) 30) . 1@ . ) . 20 (36)
Ender :
Desertion of safe
driving 15 27) 6 (11) 2 (4) - - - 1(2) 24 (44)
Car to car Violation of lane 1(2) - - - - - 1(Q2)
crash ;
The Unobtained
Broad- safety distance ) ) ) ) ) ) ) 1@
Collision Deserti ¢ saf
esertion of safe
driving ) 36 1@ ) ) ) ) 4
The others - 1) - - - - 1)
Independent . .
Fixed object crash - 1(2) 1(2) - 1 (2 - 1(2) 4(7)
crash
Sum 32 (58) 15 (27) 4 (7 1(2) 1(2) - 24 55 (100)
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Table 5. Crash type of congested situation and Non—congested
situation

Non- .
Sort Congestion Congestion Sum
# of Independent crash 4 - 4
# of Two -Vehicle
- 10 7
Car to car collision 51
crash | # of Chain-Reaction
. 17 17
collision
Sum 31 24 55
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Table 6. Facilities on Tunnel Entrance(within 500 m) and Inside Tunnel

Type Dunnae Jinbu 1 Gangneung 5 d(l))nugrjg:::nz Bachuryeong Sooin Misiryeong
Variable message sign O O O O O O O
Lane control system O O O O O O O
Tunnel notice sign O O O O O O O
Barriers O O O O O O O
Tunnel No passing sign x x O O O x O
entrance Painting instruction O O O x O O x
Traffic enforcement camera (for s?ction) X X X X x x
Speed reduction sign O x x x O x X
Speed limit sign O x (to Gagneung) x O x O
Variable message sign O O O O O O O
Lane control system O O O O O O O
Delineator O O O O O O O
Fire extinguisher O O O O O O O
Inside Emergency parking lots O O O O O O O
tunnel Emergency telephone O O O O O O O
Speed limit sign O x x x X X X
Rumble strip Grooving Grooving O X X X X
Regulatory speed limit O X X X from VMS X X

Pavement markings X X X X X for facilities | for facilities
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Fig. 2. Change of speed in tunnel,
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Table 8. T—test for speed difference analysis between tunnel
entrance and exit

difference s
Type ¢ g
Mean S.d (2-tailed)
Dunnae
(to Gangneung) | /87 | 734 943 .000
Dunnae
(to Incheon) -9.00 178 -4.48 .001
Type 1 G 5
angneung ) ]
(to Okgye) 5.67 5.26 4.17 001
Gangneung 5 13 482 5 000
(to Gangneung)
Jinbu 1
(to Gangneung) -1080 | 931 | 449 .001
Jinbu 1
(to Incheon) -1220 | 6.16 | -7.68 .000
Misiryeong
Typell (to Wontong) -6.07 564 | -4.17 .001
Misiryeong
(to Sokcho) 447 735 | -235 034
Dumun dongjae2
(to Gohan) -15.93 527 | -11.71 000
Sooin
(to Yanggu) 0.67 2.82 0.92 375
Sooin
(to Chuncheon) -0.20 4.28 -0.18 .859
Typelll
Bachuryeong (to 073 32 0.98 i1
Yanggu) : : . .
Baehuryeong (to
Chuncheon) 0.00 429 0.00 1.000
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