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A study on the social cost estimation of the tunnel section enlargement method

considering traffic flow
Lee, Seung Soo"z, Kim, Dong-Gyou'*, Seo Jong Won®

'Geotechnical Engineering Research Division, Korea Institute of Civil Engineering and Building Technology
2Depanment of Civil and Environmental Engineering, HanYang University

ABSTRACT: Using existing tunnel for section enlargement and remodeling is being considered as an optimal alternative
in order to solve traffic jam in tunnel. The existing method has been performed while blocking the traffic flow. Recently,
New enlargement method was developed which can maintain traffic flow during the construction by using protector. It
can minimize social loss due to keeping traffic flow. On the other hand, installing and operating protector can cause
economic disadvantages. So, social cost estimation considering traffic flow should be considered for relevant economic
evaluation of tunnel section enlargement methods. This paper presents the social cost estimation method of tunnel section
enlargement methods considering traffic flow. In addition, to compare economic efficiency existing method with new
method, suggested method was applied to Maebong Tunnel.

Keywords: Joints set, tunnel section enlargement method, social cost, economic feasibility, traffic flow
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Social cost breakdown structure |

i

Traffic congestion cost

‘ Vehicle driving cost

‘ Travel time delay cost

i
Environmental pollution cost

I

Social cost estimation method

3

¥

¥

Vehicle driving cost

Travel time delay cost Environmental pollution cost

|. Cost  estimation  model
(Cho et al., 2007)

11.Required data acquisition
-Traffic volume

-Fuel expenses

-Fuel consumption model
considering vehicle type &
speed

-Driving distance & time at
each vehicle type

-Vehicle operation cost

111.Vehicle driving cost
calculation

|. Cost  estimatio
11.Required data ac
-Traffic volume
-Average value

-Driving distance

calculation

(Cho et al., 2007)

hour at each vehicle type

each vehicle type
IIl.Travel time delay cost

n modsl I. Cost estimation model (KDI,

2008)
11.Required data acquisition
-Traffic volume
-Driving distance & speed
-Air pollution cost per speed
(at each vehicle type)
I1l.Environmental pollution cost
calculation

quisition
cost per

& ftime at

Fig. 1. Social cost estimation process and required data definition
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Table 1. Traffic congestion model (Cho et al., 2007)

dlojel7} Hasirl Uity os Bdo] wasf i
= AR AR 71554l Q7] wiEe] 2R
H WES A1) SAAE Z}E(Seoul Statistics,
2015)E Fkarsto] 2008 555 2] vHle(o-&
2 82%, B2 5.7%, BFEA} 123%)S wlet AP}
2 3iqie) 12l ARHIE AHgsh] St et
el @7k= 2014 ot SR i
(KNOC, 2015)2 285190 m(3]uhg 1,827.39/,
A1+ 1,636.7/), 2L AZAWH A E AATMAE
ARE SHANE HOYY s AR5 AREShe Ao=
7Hg8FAT
AR ol whE wEeselg mEle 3|2 Q5]
HAH SRS 7108 7 A Bahs PR
H|-§-2] Hols EAskelen, A&Ale] A5
MY B3 AIE 71AE 32(Seoul Development
Institute, 2006)3}%3CHTable 2).

Model

(Fuel consu MPLION griing speed —

=333k Traffic volume, ;;, < [Fuel expenses; < Distance,;x
Fuel consumption
Vehicle operation cost per hour, X (Driving time (altered) ,— Driving time (original),)]

+

i=vehicle class, j=route, k=time, V=speed(km/hr), time=hour

Passenger car=0.02882+0.910/V+0.000003828x V>

Mini bus=0.03336+1.153/V+0.000004312xV*

Traffic congestion cost by

. - Fuel consumption
driving vehicle

model

Large bus=0.02476+3.492/V+0.00001277xV*

Small truck=0.01695+1.292/V-+0.00001647xV*

Large truck=0.06639-+4.158/V-+0.00002525x V>

17,061 won/1*hr labor cost + depreciation cost

17,329 won/1*hr +insurance cost + tax & the public

Car
Vehicle operation Bus
cost per hour

Truck

utilities charge

13,902 won/1*hr

Traffic congestion cost by
travel time delay

= Eiz]jzk Traffic volume, ;, < Fuel expenses; > Distance;><
Average value cost per hour (at each vehicle class); X
(Driving time (altered),— Driving time (original) )]
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Table 2. Average value cost per hour (Seoul Development Institute, 2006)
Car Bus Truck
work non work work non work work non work
Auto occupancy (man) 0.22 1.09 1.46 11.49 1.00 0.00
10,228
Time value (won) 18,626 6,091 (18232) 3,036 16,571 -
(0.466 man)

Time value (won/car*hr) 4,177 6,668 18,797 34,884 16,571

Average time value (won/car) 10,844 53,681 16,571

Table 3. Air pollution cost per vehicle class and speed in 2007 (KDI, 2008)

Sk m) co NOX HC PM co2 (WToﬁ/ﬁn)

10 34.19 10.69 6.55 0.00 16.14 67.57
20 15.09 6.13 225 0.00 10.91 34.38
30 9.35 443 1.21 0.00 8.69 23.68

Car 40 6.65 3.52 0.77 0.00 7.39 18.32
50 5.11 2.94 0.55 0.00 6.52 15.11
60 4.13 2.53 0.41 0.00 5.88 12.96
10 57.92 239.01 16.25 41.23 44.87 399.28
20 40.69 180.62 10.18 29.90 34.95 296.34

Bus 30 33.10 153.33 7.75 24.78 30.20 249.15
40 28.58 136.50 6.38 21.68 27.23 220.38
50 25.51 124.74 5.49 19.55 25.12 200.41
10 63.23 315.68 21.81 70.21 133.26 604.19
20 37.83 242.86 14.73 52.49 101.71 449.63

Truck 30 28.01 208.33 11.71 44.26 86.85 379.16
40 22.63 186.85 9.59 39.23 77.63 33593
50 19.18 171.72 8.77 35.72 71.17 306.57
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VOPC( The Valuation of Pollution Costs)

:2]3

M (D,x VT, < 365)
k=1

Dy, =route (1), vehicle class (k) ,
vmber of car—km

()

VT, = air pollution cost per speed
(at each vehicle class)

k=wvehicle class (1 :car,2: bus,3: truck)
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Table 4. Construction period calculation

—_— i Existing method New method
Quantity Unit time Duration Quantity Unit time Duration
Tunnel length (m) 700 700
Advance per 1 cycle I m 1 m
The number of cycle per day 2 m/day 1 m/day
Protector installation - 15
Protector dismantlement - 15
1 Cycle
(excavation+muck-hauling+steel m 700 2 m/day 350 700 1 m/day 700
supportstrock bolt+shotcrete)
lining concrete m 700 10 m/4day 280 700 10 m/4day 280
waterproofing m 700 10 m/day 70 700 10 m/day 70
drainage Drainage work perform simultaneously with waterproofing work
paving (lower part) m' 3,750 500 m'/day 8 3,750 500 m'/day 8
paving (upper part) m' 3,750 5000 m'/day 1 3,750 5000 m'/day 1
subsidiary m - - 30 - - 30
Total (day) 750 1,130
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Table 5. Calculate social cost for existing technology
Existing technology
car bus truck
Tunnel length (km) 0.7
diversion route length (km) 1.985
percentage at each vehicle type in Seoul 82% 5.7% 12.3%
fuel expenses (won/liter) 1,827.3 1,636.7 1,636.7
reference speed (km/hr) 40
driving speed (km/hr) 25
vehicle operation cost per hour (won) 17,061 17,329 13,902
average time value (won/car) 10,844 53,681 16,571
traffic volume per day (ea) 73,041
fuel consumption of reference speed (I/km) 0.0576948 0.132492 0.21074
fuel consumption of driving speed (I/km) 0.0676125 0.17242125 0.24849125
driving time (original) 0.0280 hr
driving time (altered) 0.0794 hr
Air pollution cost (won/ea*km) 34.38 296.34 449.63
Traffic congestion cost by driving vehicle 53,917,612 4,057,955 7,132,968
(per day) by travel time delay 33,383,602 11,487,494 7,652,153
VOPC (pollution cost) (per day) 2,645,998 1,585,386 5,190,751
construction period (day) 750
. 67,460,408,864 12,848,126,099 ‘ 14,981,904,542
Total social cost (won)
95,290,439,504

<H

wgow 2} ﬂg
@EP 1A 584
-7%‘%5}0% Hl%-a T8} sk

Ao s5E AFE Hle(s82k 82%, B
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g Agstalnk 2Hdu) Aol Bast 93512 7]
<& (reference speed)+= A0FA|7H22:00~06:00)7)
Z 70 km/hr, = OFZF 4t 40 km/hr 2 7FE3FTh
S -2l= gl Ed] ARME Faf<(driving
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speed) & =5
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= 25 kvhrE A28 t)(Seoul Expressway Traffic
Control Center, 2013).
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Table 6. Calculate indirect cost for new technology

New technology

car bus truck
Tunnel length (km) 0.7
diversion route length (km) 1.985
percentage at each vehicle type 82% 5.7% 12.3%
fuel expenses (won/liter) 1,827.3 1,636.7 1,636.7
reference speed (km/hr) 70
vehicle operation cost per hour 17,061 won 17,329 won 13,902 won
average time value (won/car) 10,844 53,681 16,571
fuel consumption of reference speed 0.0605772 1/km 0.137218714 1/km 0.249515 1/km
driving time (original) 0.0140 hr

1. 30 days (8 hrs/1 day) during protector installation/dismantlement

traffic volume at night (22:00~06:00) 11,369 ea
driving speed (km/hr) 50
fuel consumption of driving speed 0.05659 V/km 0.126525 1/km 0.212675 Vkm
driving time (altered) 0.0397 hr
Traffic congestion cost by driving vehicle 4,000,370 274,030 391,270
(per day) by travel time delay 2,598,117 894,027 595,538
VOPC (pollution cost) (per day) 411,856 246,769 807,952
construction period (day) 30
210,310,282 42,444,300 53,842,805
social cost (won)
306,597,887
2. 700 days (1 hrs/1 day) during cycle work construction
traffic volume at night (04:00~05:00) 666 ea
driving speed (km/hr) 50
fuel consumption of driving speed 0.05659 V/km 0.126525 1/km 0.212675 Vkm
driving time (altered) 0.0397 hr
Traffic congestion cost by driving vehicle 234,343 16,053 22,921
(per day) by travel time delay 152,199 52,372 34,887
VOPC (pollution cost) (per day) 24,127 14,456 47,330
construction period (day) 700
287,467,833 58,016,729 73,596,375
social cost (won)
419,080,936
3. 1,100 days except case 1&2
traffic volume per day (ea) 73,041
driving speed (km/hr) 25
fuel consumption of driving speed 0.0676125 1/km 0.17242125 l/km 0.24849125 1/km
driving time (altered) 0.0280 hr
Traffic congestion cost by driving vehicle 33,791,491 2,020,101 3,497,093
(per day) by travel time delay 18,185,620 6,257,779 4,168,488
VOPC (pollution cost) (per day) 224,357 134,427 440,130
construction period (day) 1,100
. 57,421,614,365 9,253,536,996 8,916,281,559
social cost (won)
75,591,432,920
Total social cost (won) 76,317,111,743
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