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Development of Environmental Load Estimating Model for Maintaining NATM Tunnel

Kim, Daae'!, Kim, Sangtae®, Kim, Kyoungsu', Lee, Juhyun®
"Pyunghwa Engineering Research and Development
“Korea Institute of Civil Engineering and Building Technology

Abstract : Infrastructure which mandatory in human life causes large environmental loads when they are being installed
and maintained, Especially, maintenance is performed over a long period of time, Also, there is a limit to suggest a
reliable estimated value because environmental loads are changed according to methods of maintenance and periods, In
this study, we developed a Environmental Load Estimating Model to evaluate value and plan as soon as possible in the
Farly Design Phases while maintaining a tunnel, To estimate environmental loads by using brief design information,
we analyze a calculation methodology of environmental loads in maintenance phases, Furthermore, we apply periods
of maintenance work and maintenance factors considered a characteristic of long—term maintenance, Finally, a
main purpose is that this program makes all users estimate environmental loads in maintenance phases easily and
quickly, Accordingly, it is considered that the Environmental Load Estimating Model offer assistance to eco—friendly
maintenance of the road and tunnel construction,

Keywords : Environmental Load, NATM Tunnel, LCA, Maintenance

1. M2 Cycle Assessment, LCA)E 0|83} 4= Qlc},
A8 o) ofFEr 2| 712 A, AR T, &
11 A2 HE X =5 A7) ©A, w7 SAR Y 7|2 24 Bope] 3

A A 2 8ol T3 2o i Seiuel ANl Hieh el g HadTEe] wel AMES o
oA BS AL AHekh HAE w0 4

H

:
=)
u

g AOR AFEA A AE] AAE HEES viEeR A}

BLAE Sol7] Sl A5 el shal glok. A A A FAF B oUA] ARG AlEsiaL o & Faf 2t
wofold= 2011 eS| A Zoke] s dE A & AW A e SR AR 2Rt
slof ER, HE A5E FEO| AU SaME AP 2 AESIAL o2 Wi slolr), w3 AusiE agsel
7lo|ERkelE vheslo] WStk Min, 2013). 53], Al & o185t SAHEAA A[EAE ANEsAY, Aoliar1H]
250 7|ikE FAdshe ARIIMIA S A7t AA A5 Life Cycle Cost, LCC)ou S37HA1B7F e 218
o 2 e3HokE FERItHLee & Lee, 1996). 74551t 4] sto] SRS Hrlshe AE0] E I, ol
T FEAES ARERE Aoz, ARZHAEE A HE2 WForE e SAFEAES AYsl] Al trRt
Stal fAEe] & uf Wgehs S e AEE wiES onigt HEES AXSISIthE Aol 2 2oE Erh SN Al
t}, o5 Fristal Alofsty] Sfgt Wl o= W wd HrHLife  Sb7] A AFAIRE A AT Qi AdEol A oA Asdt
E= Asloll= dAPE ok 53], A= A71E e

* Corresponding author: Kim, Sangtae, Pyunghwa Engineering, _E 75_]3]34_5]% /\]_O]l—qﬁ EZ]:HO]—HJ’_EZ'\?‘H’ ‘E_/':%Oﬂ m}a}
Anyang—si, Gyeonggi—do, 14059, Korea %]'78]“?‘ ﬁ]'7 ]’ %FE]'XJE} EHT'E_LOH /1‘_]5?"]_%} Z,\_ 9&1“1—:‘ ‘75‘161 %):’% Xﬂ/\]
E-mail: stkim99@pec kr k=t ojg)go] Qi) Edl APATLE AHES AlEEH]
Received August 8, 2018: revised August 27, 2018 ;ﬂ Oﬂ 7:"@%7:“94_ /\] %,_%74] Oﬂ k] Z_]_—‘Eﬂké__]_— 127:" X}ﬂ% %EH _1’5_

accepted August 31, 2018

86 s=mzsma|stsl =27 Mi9A H6s 2018 1Y



e %x] J,}a]ﬂ ] H]—/\Ho};_
2ks} A A EULO 2w Al
s sk gt

ﬂl

1.2 9_:|:r1_o| I:I-IOI =1 t(g-lzl-l

£ QAo AT S el g o
AldES NATM 395 o83t HE 2= A5,
NATM B'd> 74111“01 Seotal, Sy s gl ke
2o AlFARNZE B el At o= *WO}ME}
R, dubAor SRS Bk o aefshs °§6;>
o] WS s daFlataL s, A 3 H7tel| “416
21180 1 04001]*1 g3k 2 75103?%‘:%1—& A, *J*é
of, FPLD}, A2}, eE5uh, FesHlieEAd
A =4, Al H 8t FEFRIFE AL Qlrt, &
oAM= 8 YEHTE jﬂiﬁ}@l o R = ] )
o}, weha] & Ate EE fAES =
= A7gste] 35 Ake z%ﬁki, Tof I BEEEE

745k, LCI DB AAIS
O 2 FF S8 E$—324%q.

FUI

ION

2. 0|=x &

21. 8455 o 4=

2.1.1. M1}H™ "®IHLife cycle assessment, LCA)

A 74 WIHLCANS Aolgl AJAE0] A mgol|4 Yol
A, AR 7Hs W ARE- 12 A AR} HEE Rl
AEEY 555 FHgsto] Ak, ottt FYE U A=
S A A SHFeE Hrlste] 42 das At
o] EAof| U] slAgo 2 AlFolu Au|A 18]l 3
I} A A Fek A FIS Frlelkes 7ol
(ISO 14040, 2006).

72 HopoA] LCA= 714 Ak ZRtollA at%]= 2R
9 AXFTHE FollA A, &9, AR 5 A 2o
A HAS= S AEA L] Welst Sy at vk ois)
AFsbstal, od BAIE alldslr] §gh QArEA Etolt
T3 A4 AR A A= B EAE 5 AR AF
OJJ_7P o= _L}J_] = ;q ;qq.x%o -ELE—J —v—Xﬂi §L7ﬂ01*c‘ﬂ:
S Brleles gojjstgitt olE Fal 7| skl 3
1= ﬂ?ﬂgoﬂ.i YolL mpotst 4~ Qa1 Tkt s HelE2
o thall Z3FA 0 g BA3) 42 o) e 2 Qolat oataA 2|Y
2 4= Q7 =t

Ol v o2 3o njA= I H=E uietslr] 9

=
4o I B A0 B An B0,
%@i}, AT I AU, S )
ol sk,

J@ e ﬁﬁ%‘%‘ﬂﬂ.ﬂ%ﬁé gele S FdEE LE
83 et & 4= glon, ARl Blas E7ksst
Ek g % dez—qw TOVL Eé;}%sq 7]015—3— =4
AAT= 548 741
9,] ;HEﬁ é
7P = ‘4-5 4 Slek. 3, E—%‘fﬂﬁ'ol %ﬁ?ﬂd%ﬂl m|%]
T 715 HHBlehe BAE (VT 22 Hor xd
= Qi

C;; = Load; « equ;; Q)

o7|A, Cij = 54T 7t Fapa el mlAe ] 2]

101

2 71X whet A= 11 221 ket 3t 4= 9lek, 7k
3} AAE Bl Akl EE 9T vhaat o] HET 4
et

W= X WI, =X (CL>x W) ®

o:w, W= AEAI251] 715207} Role §5%9%
= i3 G AFAH RolE BT
W= i el 7

CI, = 1917} 79 S5 B39
G Y F IR 70| glo] B O At
S

SE= ek P ARJA, FAE] 7] Sl T8kl wh
2t FojE= 71t ghol Ad SIS S5 flsiA=

2 m1oH Mes 2018 112 87

ro
Hl
[
nx
=
i)
1o
ﬂ
I'-II:I



Korean Eco—Indicatorg AMEEHO 24 sl A3t} Korean
Eco—Indicator= Al G387} HHH O 24|, AR ol A
2003o]] AARE 3= ‘_75‘ JFE7 A W 2o T B9
of| 7HE $HEAd x|3k W ES T Alste] st Al A
T2 7 A Y 7}35}1:}2"4 713t Al o= = @Alo
Hhegsto] A|AJstst. Korean Eco—Indicatore] 87H4] @3+
o] 2 Ael 72} Alg= ths (Table DAt

Table 1. The coefficient of Korean Eco-Indicator

. Coefficient of | Coefficient .
Category Unit L B Unit
normalization | of weighting
Resource
depletion 1/yr 24.9 0.231
Acidification kg SOz —eq 39.8 0.036
Eutrophication | kg PO4 3—eq 13.1 0.038
Global warming | kg CO2 —eq 5530 0.288
Ozone kg CFC11—eq|  0.0407 0.292  |Eco—point
depletion
Photochemical
Oxidant Creation| © Cz Ha —eq 103 0.065
Eco toxicity |kg 1,4 DCB eq 1.63 0.216
Human
toxicity kg 1,4 DCB eq 1480 0.105

% Material © Ministry of Commerce, Industry and Energy (2003), A Study
on the Standardization of Environmental Management for
Environmentally Friendly Industry, Refer to normalization
coefficient in p.92 and weighted coefficient in p.200
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Table 2. The number of LCI DB in Korea

Phase of life cycle Category Number

Construction material 26

Rubber 8

Metal 51

Basic component 24

Resource and Basic chemicals 90

manufacturing

components Water resources 1
Energy 23

Pulp - paper 11

Plastics 35

The others 21

Metal 12

Component 4

Processing Process -

Plastics 23

The others 0

By land 19

By air 1

Transport

By sea 22

The others 0

Reclamation 3

) Incineration 10

Disuse -

Recycling 19

The others 2
SUM 415

# Material : Korea Environmental Industry Technology Institute, Information
network of LCI DB in Korea)
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Lane

Required Resources per Unit Quantity in
Pavement Repair

Resource Name | Standard | cunty | Unit

Fast Hardening
Asphalt Emulsion 0004/ D/M

Pavement Type [
Gasoline 0162 L

Length Diesel 5552 L

Required Resources per Unit Quantity

in Surface Treatment

Standard Quantity and [JeSS
Required Resources DB R4S LCI DB I
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The number of Repair

q Period | Mainlenance § Service
Detailed Work Faclor(i)

C LI | Patching 7 18 9 4-%
Surface ‘ .
Improvement 15 100 [l .Z::W
Concrete(JCP) 7 Crack Repair 8 95 ‘ Mg
. — M iy
Joint Repair 8 100 ‘ Sommdokion
Surface ] 30 Wotenial reion
Improvement 15 100 » tomicy
— e
Section Repair

Pavement

Surface Treatment

Resource Name =~ Standard | Quntty | Unit

Thickness

Cement | 40kg/1EA 1754 kg

~
oo‘ao‘o

100

]
8.7 . s
Concrete Crack 8.7 Ve T

Cleaning 0.5 100 (et o)

Fig. 1. Process of environmental load estimating model
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Table 3. Maintenance category of tunnel

Component Maintenance Category
Structure Lining, Pavement, The others, Potal
Ventilation Ventilator, Measuring instuments

Fire extinguishing system, Protective signaling

Preventing Di r i
eventing Disaste system, Escaping, The others

Lighting Lighting

Operation Personal expenses, Operating expenses
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8L WARK, AATA A8 TR BEENS
A3

[e]
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£ fAle] Sl Lagt £ax19 DB

Table 4. The part of required resources

The name of works Standard Quantity Unit
Patching Below T=7.5cm 1 M2
Disel 5.552 L
Gasoline 0.16154 L

Asphalt concrete 1 Ton

Fast hardening asphalt emulsion 0.00357 D/M
Crack Repair B=3mm 1 M
Epoxy grouting 1.1124 Kg

Epoxy sealant 0.78795 Kg
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Major Work Detailed Work

Under 0.3mm / 0.3mm Over

oprmE T

—1u:

Concrete Cracking
—[ Cleaning
Pavement Asphalt  — Patching/Surface Improvement
—[ Concrete Surface Improvement
 Cracking, Joint, Portion Repair
Cleaning
Surface Treatment Leaked Surface Treatment of Tunnel
—[ Cleaning
Cleaning —

Tunnel Cleaning

Fig. 2. Major works
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Table 5. The coefficient of repair

Period | Maintenance | Service

Category (Year) Factor(%) Year
Asphalt Patching 7 41.8
Concrete | Surface Improvement 10 100.0
Crack Repair 8 9.5
Cement Joint Repair 8 100.0
Concrete | Surface Improvement 15 100.0 %0
Section Repair 20 100.0
Leaked Surface Treatment 8 8.7
Cleaning 0.5 100.0
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Table 6. Required LCI DB in maintenance phase
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Table 7. Characterization value

Category Unit Characterization
Resource depletion 1/yr 792.76
Acidification kg SO —eq 410.44
Eutrophication kg PO4 3—eq 0.45
Global warming kg CO2 —eq 688,660.90
Ozone depletion kg CFC11—eq 0.01
Photochemical Oxidant Creation | kg C2 Hs —eq 1,767.13
Eco toxicity kg 1,4 DCB eqa 0.72
Human toxicity kg 1,4 DCB eq 15,420.95

) Conversion | Conversion Table 8 We|ghted Value and tOtal
Required resources LCI DB .
Unit Factor - —
Fast hardening asphalt | Fast hardening asphalt Category L Uil
A A L 208 . ;
emulsion emulsion Resource depletion Eco—point 7.35
Gasoline Gasoline Kg 0.75 Acidification Eco—point 0.37
Disel Disel Kg 0.83 Eutrophication Eco—point 0.00
Asphalt concrete Asphalt concrete Ton 0.001 Global warming Eco—point 35.86
Epoxy grouting Epoxy bonding Kg 1 Ozone depletion Eco—point 0.07
Epoxy sealant Epoxy paint Kg 1 Photochemical Oxidant Creation Eco—point 11.15
Primer for Concrete Asphalt Kg 1 Eco toxicity Eco—point 0.10
Admixture for concrete Curing compound Kg 1 Human toxicity Eco—point 1.09
Concrete Ready mixed Concrete M3 1 TOTAL 55.99
Rapid hardening Rapid hardening K ]
cement cement &
Crushed rock Gravel Kg 2,000 3.3 xI-lEEI 4%
AE water reducing ) = -
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Table 9. Error rate of * H " tunnel

“ H ' Tunnel Model Error rate
Cracking(Eco—point) 0.047 0.048 2.13%
Cleaning(Eco—point) 0.297 0.299 0.67%
Total (Eco—piont) 0.343 0.347 1.15%
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