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SYNOPSIS : Tunneling is a very dangercus and expansive work. Especially, the concrete lining
works need many long hours and much cost. As an alternative, the unlined tunneling methods
including NMT have been developed in various country. These methods have advantages in cost,
time and quality. In Korea, many considerations have been conducted to apply the unlined tunneling
method in comparatively good rock. Since primary reinforcements play the role of the final
supporting system in unlined tunnels, the initial stiffness and long term durability of reinforcemernts
are very important for tunnel safety. To establish the reinforcements standard suitable to Korea, we
investigated the foreign standards and construction cases, comparing geological and construction
conditions of foreign land and Korea. As the result, we have proposed the standard of primary
supporting system for unlined tunnel in aspects of material, design, construction and quality control
etc.

Key words: unlined tunneling, reinforcement standard, the initial stiffness and durability
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o] ABAAYG HEFHE AE3d A¥rS AN F HAFHoz FAYE oY & HA3td H
ae w3t a2y dFEE 23YE oy Ty 2 FAH REdo] B 19703 FE =29
o] 5 F& guto] 4353 BHHYH B/E FAoE /MEEHE Unlined Tunnel 392 ZAA, AIFTA,
FRARFHAAN ZFAE AY AA 5oz U gl fvetdAzs J o571 &8s =oFHu
Ath. _

Akoto] W 3 X EAA HEFTAE B HFE AAFuYY. 8F dFHE &2 2
AxY A9 BRAREL A HEY HFo AL Frtete AAoth HYEFTAE WHEAHQ] LI,
TH & FAHolW, s oUW FAVILE A3 WA FAY F7IE HFFETE 53 NATM| 93
A ZFHE HgodA ZAYE gold S 2 F AuHYrt $HE olF AFHER AA BHEIVIE A
AANZle 29E 2 A7 I HEFYPA EZYE gold2 I 7ol BEFFT AEHA
A &9 AA MEE dEHoR HEdo AusiA AAHE FFol vt old wiet A} AHA
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Holm A& HdFgyd digt 877t dFs drt.

ey o= 5 XYY ANzAdH AlFr)Ed LA deHe2 BHY Fgo] tE A3 2 oo
ME HEH7] Y3ixe AL =dd dd HELG =Fo YR 53 xrAe A9 Unlined
Tunnel®] <¢AFES AT Y724 it F2EF 28 713, N2, A5, A4 S 2o
#9522 U 4439 %= Unlined Tunneld ARA FYPE AFAA7]7] 98l Unlined Tunnel
e AAE B3] ot MA ZAFoA oJBA WY HEHT JYEAE Fdd T FY FH LA
Aot & AAE FAHIL ol T AP AAsE HAHe] s By o9 e A
< %3 Unlined Tunnel 3349 AR HE&7)EE AASA o)

2. Unlined Tunnel &8 718
2.1 7Ad

Unlined Tunnel THL U5 gt edoA dure] AYH I 12 A KA (Rockbolt & Shotcrete) o]
A% RAo R FE3 Fvrs AASAA F ke AAS ) 23 ARA(EZYE FolY)E AFste
Solty. 394 Unlined Tunnel 3ol #ie]d-g Agst Jejo EEFE AAE o=zt LA
g oug 7HAY =290 FAOAM LEH|& o]28 NMT(Norwegian Method of Tunneling)
&+ SPTL(Single Pass Tunnel Lining method) 3% (Melbye and Garshol, 1994) 5& ¥ sl Ao
oz A%3 xytd A Bt o] Single Shell TH(LAA, HAE, 2002)74A £33 71 o] o},

2% 12 Unlined Tunnel %Y /€S 1d Aolth. golyo] A= Qe dAl .vizA
(PC~Panel 5)7} £33 E B r:’“"‘Jﬂr AAZNA olF ol HA5, 1 Ato]o] WTte] PFAEE
o3 DAHAHEEF AFHAZT o] A nppAle FRAZAM FLIFA @ uHoly wig¢ EHow
g8&dd. 53] gto] ofF ¢33 73—?—01]7‘:— 12 A BA vtA = kst Bldo] Frbstxm 9l

Rockbolt

Rockbolt

Shotcrete Fixation Bolt Shotcrete

Waterproof Membrane

Con'c Lining

(a) Unlined Tunnel (b) Lining Tunnel

19 1. Unlined Tunnel® Lining Tunnel®] Y%

2.2 Unlined Tunnel?] &3

Unlined Tunnel 34L& YA S FARAAZ o]&3= NATMS ©o]E8 o443 Aow 24 A HA
d 23E ol vl n#AE B Y FEuFe] FEH oz PC-Panel 52 vl o] &AL}, F53l

ml
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Aol wet wRAE AT S vpAAe FFAA AFREY A ZHEHAAE AL
3 g4 ol Iyl vlE F7] ShHAA FEstth gold FYolA e 1 Span(9m) AlF
2854 ¥39 Unlined Tunnel 3HAME 2 set(2F 10m) A7} 190 71538, 2ol
A HEFAH 20~30% HAEE AR RS AAsH F7] dF0] 15~20%00 ol& Aoz
IaAe 23 Aoz A% Fdo FAE £ A OF HA £/ Hon HE A
f.‘} 2A 2 BRI btk Em3F gAdte] 7 A Ald R gojd FWel nl3) ®Ao] 3t
At

o] gold FHoIA Xtgrt A3 wjeHA FoW [ Fgo] LA, oA AMA
A gke A ol FIt sFoE FHEste dEe Yol & 4 Atk 28y Unlined
Tunnel 3PN = vpdAe £3E A Ato|7t ojAHY HY Wi Z IAFRHE Asl5rE ERHo=
Hd i fFxujs & o A3t Agd ot {83t

22X 4 olg § Unlined Tunnele] &8 AP L GA3s17] Yallds 12 ARA GF ARAY
3 g3d ¢ S Az uEAo] 27 HY. Unlined Tunneld|A 1 ARAE HFA A 4
Jokstn}, A So met HF e AZAME ZEo 3t7] s olth. Unlined TunneldjAlE 7]& 9
ZaYE ol og F714, FAHQA dHE FrIT ¢AHI dFo e del 1A AR
AdAAFE R £ JEAC dF FFo] WA o]Foxol i, o|F FI|UWTA FHE
AEA] HF F&H olE AT AT SHo| nEHojof gt I IXABA I} FHFepdA
837 YeiMe LA ES v, gt o & guk sheA, ElEul A did wEkd, 8l vt
g T8, =HAA HAEE AdE EF(EstZs S g Gl
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3. 39 Unlined Tunnel 3 & d3}

A w24dold AMdE =2 €HEL & 7009 M, FAFol <& 600kmol| B olF 3% FUT
HAAetd £3gE #FHolgo] A" HEE Unlined Tunnel o] Adwrstgojet. £33 wjd 15~
20kme] E=2Edo] AlF Fo Ui, I FoA R BAH ZIAYE golgo] HAHE 7 uid
500m mjgkolt}. 20010 €3 ¥ 245kmol €3t AA HFe] ZZEdQ Laerdal Tunneld 75 4
Al Bd A= Ad 40mAlE EFSa iR 33 £AREV gutde] adE =&FH 1 v
Z+A7F ¢l= Unlined Tunnel ¥¥H S H &3 a9 2).

(a) Laerdal HY Fddx (b) Laerdal B9 WHAF

29 2. Laerdal E'@

Romeriksporten Tunnel(13.9km), Bekkedalshogda Tunnel(15km) % Al% 200km °]42o n&dx F#
ZHEHYE FAIAME 05~2%C dFste T EFEHA 2IAYE E} 1Yoz AlFd A7 e,
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A Bd 94 7.23kme AAHZ A =2 Eld<Q Oslo Fjord Tunnel, Alesund Tunnel, Freifjord
Tunnel®] A|FAHE 5 B= 2 314 BdoM X Unlined Tunnel 9L Yutslso] A 453 gluh,
a2 el 1916LdETEi FEHLHLE A9, EA o 2009749 2ALE BEEn ),

o]E2 AT HlEALY o]FE 90% ool Asle] goldo] gl AHE AMEHUoH, AFA
@ §H AlaAtEE BRuEHZR] Foi)

aga, ARG giME A5, 7ts, S A 59 24*1]% Mol AZ-E 918 89 A
X Unlined Cavernol A4 =o] @A 715 Fo Ytk E3 ool sFAEe] RS $3 x5 "35
AZANAEE B3t o F9 AKAL2ZA vlAAdE HFs52 °]%§J RE A AHEE0]
Unlined Tunnel W22 EA] XXo] ALFHAG. Folx o] ¢33 Gjoevik Olympic Mountain
Hallo] tHE3 Apgo|r}, o9} Zo] T2 9 AX HIS v Fdo AL HAAL S Agrade
E8 ASAAHE Unlined Tunnelo]l A48 3 glE AFolth H 1& =29 oldA AR z+E 23} A
AEo tEHQA Atelol

mlo

¥ 1. =29 0]¢ Unlined Tunnel &% A]ZA}lg

HY 5 547 FFUE R
Nordby Eld - d% 8000m
Bomla #lg == HY - A=A 7881m
Tromsoysund 9 - A2 6380m
=2, 3%, A ¥4
Eik-Helland T e} - A4 5450m
Hitra g - A7 5610m
Raelingen Ed - A2 3443m
(F X F°l(m)
Mongstad Bergen 1975 22 % 30
Ekeberg II, Oslo 1978 15 x 10
AFAGA A
Namsen ' 1983 17 x 30
Rafsnes, Porsgrunn 1977 19 x 22
27,000m’
Odda, sport hall 1972 N o
(A F 25m)
- . 17,000m’
Gjovik, swimming pool 1975 .
(H W% 20m)
Skaarer, sport hall, swimming 1981 25,600m’
pool (F & 25m)
A
71% A E Holmen, sport hall 1981 35,000m’
(enlarged) 1988 (Hd = 25m)
Holmlia, sport hall & 1983 53,000m’
swimming pool (U= 25m)
T ‘ . 160,000m°
Gjoevik Olympic Mountain Hall 1993 N
(HHF 61m)
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w2go] o|s]s F7H)ME Unlined Tunnel 4ol 468 a7k b ek £ 201989 £2, 3
= AFRA A=A AEwl qUdn, IR S40 9 A8AAY, A2 AAY £2
JE9 ZFEE Z/MA/IRG FAE F/H A9t AR erEdcls] dAY 21PEE e
47t gk,

X 2. ZF =9] Unlined Tunnel F% & &A}#|(Naoki Tomisawa, 2002)

9y | £ZHUEFA | £IAYERE
1ZR> 7} - = FI3EE | Zol(m
e | BEEEEE AWy ) | (kgf/cm)
Hall Stadt Austria =2 1966 1063-1203 24 15 290-690
Brandberg-Tyrol| Austria =2 1976 2130 - 10 300
BC rail Canada Ax 1983 640 47 10 400
Bohuslavice Czech = 1995 68 59 40 200
Praha Czech 2313 1998 140 41-61 45 200 o}A}t
Bielefeld Germany | #]3}3 1988 104 33.3 10+15 -
Egeyama Japan Ax 1995 251 43.9 5+15+10 -
S.Antonio ~
Switzerland| X &= 1987 1154 40 25 -
-Muralto i
Disentiser Switzerland| A X 1999 346 36.9-85.1 30-45 344-472
Norra Sweden T2 1991 630 2510 350 o}A}
Sodra Sweden T2 1998 16600 6-9 400 o)A

4. Unlined Tunnel ¥ 9 X WA AA/AF 7I1F At

FUAME iz vjEsA2 &437] 943 d7E A3 Cavernolyt A &xFAtE AAAael 7
% ©]v] Unlined Tunnel2 A A, AlF" AL 7F Aok Ag70x] FWdd d4€9 /7Y LPG B E71A &
%12 Xo2 g2 E dgiiE dddy g it F9H0 FAE EEd #7324 do dAH
& AR EASel +252 Aok FHAA qURA HFIIAY FFAAE AZD T A
r FA AlEle 3% 2E $£44¢ B199 Unlined Tunnel At F88 Aoz 43 Aot
Trsd HEd A AFd AHAEJA 9IS WA Hog FEREY AL S g8 ny ok
olo] w} SVt Bld MAMNEH Autzd L ATz HFF Unlined Tunnel FHE
P A/ E 7lEE HESIA.

Lo %o
rd'rﬂr$OH_E.
kl

4.1 Sl E1'3& Unlined Tunnel 3982 A4

Z& Unlined Tunnelo]2tE AXHE npzkAle] FHA me 122 9%, 53] HFopgA=A
9] Ao} AolFrr SXAH o7 Y Edd AFF B vl FHE AAI}ACL.

Unlined Tunnel 3¥AAME gold thald O, /v, SAA A4y Ay 2 o, =29/8
Z1/%A Ao Az FHORE ultAE AX gt niaAe AlFAH € AANES 2T g Fo

-125-



Jem I FHE dFeE @E8 HE=EAA dd A, PE-Foam+£32E A3Y 2832 PC-Panel
NEHeE 4w + o EAS ¥ 3% g
% 3. 0igA 574
2ol
HEEd 44 fag: H-& (=29 0] 71E
SRR ( :
A=913) [999) 27w |- Age] 0] o AZ USD 850/m
sid |Hd - FE0] 300m=x 7t5 |- AERIZ} 6F A)Z USD 100/m
AR A o B3 a3 3]
PE-Foam+ | 3 0 jko—]%ﬂ o | HER BT A aiiiﬁl :—fﬁi; = |4z usD 400/m
o O R i o = =
F2UE 7w ay Hes % Cwspsol gejm |1 USD 1400/m
Pl [EAS BEWO |- w4 9N | BN £ HAN [A5AE
Be BRE HY |- 25RRA0 $4| S8 B} %3 USD 2500/m

A= dd AFHELE FAFET Zgo 2 Ato]d dEAd Z ¢S A&3te ot
A= vzt 50mmel @2 3 FZ02 2mme] FIHFEY EYodAEE FAHUY ddAs
o} Zajol2ge] Mo lojr F8g HE W Folvh A=HX #de oy F4 do H&
7bs3ste, 1 F& HE 1500914 2400mmeoltt, sid Alole] HES EBE e FEo] 300m F=7HA 7HE

=2
PE-Foam + 38 E A& H(Ekeberg type)< W
st W oty PE-Foam< %49 FAWAE 93| UH‘T' oo}'-'- 2o 8 F74y 54
= o] 3& As9 é %]
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PC-Panel Al 382 B Hddd A4 9d 2 W3 g5 = =
THojt), FANA ZIAYEZ WEoA= PC-Paneld I Ald dA9 oA uagtrd dd ¢ ujddg
2 FEIHY ol T4 AR &M APt PC-Paneld] Z7] R 4L g oW, & &
Z Av] 5 & 183t PC-Panels E33tx, Wall Element®t Roof Element® A7|E ZAA ok -t}
gty oz A FAE YA Wall Elemente] A71E 719+ 4] Utk

Norwegian Public Road Administration(1990)0l &3l3d eld wlztAle]l #22 B wEo wet 2A
g (¥ 3). o] Unlined Tunnel®] 23: AlF 2 fFA#2 AP o4 Aojrt o] Ao} o3
Hodd HF &F ZEZF(AADT, Average Annual Daily Traffic)e]l 8000t o]j4¢l E
PC-Panel2 Al&3 =S FAH3}DT rt ol HEFHo] B2 HEd =& AHEE F 37 3 73
oltt, AEH PC-Panel3H 2 TZHAG digdt AxAeczg 74 sy, @ - wiedg &
i, T g ¢ "301 7VE F2 YAola, Ay FEA YA &4o] A gk
28 ot Wweld T £ Holud. dA vt T2 Ede AADTE 98d 7|Eo=
43000d], ¥t 120000 24 25 8000t oldo =z HwhH PC-Panel 3%o] A &slct,
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PC-Panel

PE foam + Shoterete

Sandwich Panel

PE foam on

ot

300 1,500 5,000 8,000 15.000
AADT

a9 3 ZEF 92 riga 24

42 BFARIYQ

Hado ZFAEAAE FAAL ARANALG FAF ARZAL 710 Aol AP 7ivteg AR
Hu FARHAF ez HFtd HLAdY FA¥I AxRAAE $dgte 4% E4 RMRH
Q-Systemo] A &H 3 3t} o]F Q-System< Grimstad®} Barton(1993)°) 3] +AHAA HP=d), o]
AL =2dele wFHYE, FREHY, BAEHYE 5 100074 ol dAAZAF AN FAHLD
Chart2X4 NMT 3H9 ARHNEE wAHstE EH A Folth welA Unlined Tunneld] FA A A K
AAE Unlined Tunnel $¥E& ZHoZ AYPHAL Q-Systeme AHLdle= Aol g2t out
Unlined Tunnel &4 A% 8yt etz AFHHo] glen, 283 AFFEH 23577
Ae ARz 433 gutdA] A Fsled xukzdd WE FYSL 7oz EEARAEL A5
kol & Aol

43 38 E

Unlined Tunnel 3HoA £ZYEE Had 273 E 2 A7UFAEAES grsidor 3o, T4
AxE 2=, 4%, 748 Sy 2R X3 F, 38y s 29 &8 o2 AH3=
F Ao A7t A" £3AYEE F5440) EolA Leaching 333 3880 9% 23 943z &
OAl Zx7F Aste e G FA9d £3 227 Auty A Ao A H5EHL Ho
2 ZHSA ste 7154 ABRAZAL £AYEY AlF BN 2/A5E SAANE Het A o
71l & Unlined Tunnel 34 A &3 £adE HE7ESL AA A

431 A8
(1) AldE

LAYEL AHNEE A 1F HEF ETEUA= AHEE AE3le AL YAz g FEWAE AWE
e U #3389 ZEEdE, 7349, JaAPA, FEEE EAo) 4] gE2nz oF EAL 1d
e ko LA xF3 571X TEWC AWMEEZ FEE F o $£3AYJE ATHE AR I}
2 T3 EAL AE2AN 27 AWEE AYslae FE £ AY dEFLols gad 71F o
A2 EE . AEFA HLHE A 1F BE LEHS AWEE A3 AL 93oz 3
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(2) A

ZA e dxE n2A BAtE ool 3t} Norwegian Concrete Association(1999)el A A|¢te Je ¥
FAZIAL 27 49 2 ZA YERIE £AYESY ZE B4 E FIAo & 9T vjx=
7ted 18 BXVF HEE §toot g,

100

80

60

4

2

Passing Through (%)

0.1 1 10
Sieve Opening (mm) '

A6 B4 £ANES B9 BAY YEEE F A 2AY v g0 Frhsteiop Bk FAGE A
T F AL ZAY 2L AFE o 2AYEY §540) AsHER Aoz 22 £AYEM )
3 0 th Ed 2 ZA9 AU AE BAHE Aole 2/3 o}l

3](1995)el st w#< FA H=|7F AR 1/29
o2 Rusgon, BA/4AH FHAM ZHF Zol

—57}"]?4 ﬂ%(Ca(OH)z) 3“3:3: EA7E LS & 5}. ojm A %@1}] °ﬂ U—}E} “‘if’/]E
A= Ast 2 €729 $8o] ¢ 2 F denz Fostoof Unhned Tunnel 34¥&
g F2A4= 449 Alkali-Free 524 & AH&3th Alkali-Free §Z2 A€ €z %ol 1% wwiel
AANE AR FI1AE At glow BRSOl 1 £AsAEe] FAo] ¢lo] Leaching @
o] LAY The/del A9 U A¥ HA HAFS _7?:34?‘1‘45}133}5 AAHY FEALE FELeA

=2
et

(F ox iy o Lo mlo

(4) &3

AEAE 7158 A4S 93t AEAE 540 2283 AFHL 2A = 84S AT AEA
ALEo 2 Fr1Fo] 1% F71Ed uel EAREE 4~6%, FHEE 2~3%, BAATE o 7~8x10°
kg/em® RE Z2d1 ZAAfe RAREI Aolxe @AHo] gonz AAKFER £AYEES RO
2 3} Unlined Tunnel FHAAE 8374 2243

7= Al (Plasticising Agent) €A 753 A4S H3u #Fales 23 AdEaxdz s £3gE9
Z717 5 Y 2L2g ez g 2 FALE s gE TIAE ALY £agdEe fE5A
2 uPE Ay 98] A% 72+ A(Super Plasticising Agent)e] Atgo] AZAY. 4% AFAE
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ANHES &4 A 2 71484 ¢ol E/AUENE ARANA FEE Z2AANLS U3 FPdAS0)
Hold ZAYEE AZXE F Ao £AYE &A= HFso)

(5) H7HA

£AYES ZE FFE AT XEAAZE AYs FE AILTY 2L TEAA IS = T
ol T& Hold FATE AHA FPoE EFEdT $AAND NAERAR F2NAE @) NFE F
D2 £3AEdE R} oo v dlvt F& guldr] AR xuygRDo)r] g e =71A
HolX TZ2F Wgo] AU} £ M FL& £AYEY FFAHL £ dHEME FEE Y A
A Wdgs A FozA wiFHA A F2A e A3} WA AILFE 294X £AaTE AHA
< FAE F ok Al F& AMEZY $FA32E(Ca(OH)) BE ZA2AA Fag] g A3
AE WY AYE 02 FYANI= 0] da £3EW e FF Ao o JFAA
FFoR FFAOR £IAYE] WFTAFE FHAIE LS .
432 44
(1) "

o(l

sAYES] L 429 AEE IEE FHAA AFGATE T3 FFNFES AAF GG g
Unlined Tunnel 38X E 2873 % oldd Wt FW7A s A5 w@gnl &S FAAsIAo}
g,

ARt o2 7o éTr7} 44 %—1 £aEY H$ EHZIXN/N 4~8 cm 4 W T F Boj Yy}

217F 10 emE 23T Z 4 £3YEY Sloughing /o] LA H
z E]B}%E%“] }0}?‘]73] 5’3} ] d4e 9] 98 FEAAE UF E98 A FAE A3 @4
o] ¥ 7t At ARV EYHYE F2 53‘3-7’45— Bt ¥ %58 (Pumpability)o] EolA €=
E AA 8 5 e £P=ZE 314 EY F 8 cmyt XL

B - A"ENE 45 % ot o BE %EQE - AHE
2o 8% A2 = - AHENT £3YEY 4, 5
£ANEE B=7t %\_5]5’—

H| = 40%~60% A &= LA

ﬂi

T4 BAY FLW ARasdE

Aznzinﬁ

W
ot} B - AWE o WAool gt walA 13 R Ao
& 723 kG o] FAIHE Unlined Tunneldl A& & - A|AER]| 7} 45 % ©]31Q Ao] & As}ry).
2) Z=

£ANEY AEE 27ZE BY olU AVUNTAE ¥ N E/F €k Davik(1996)0 28t =2
o] === (Norwegian Public Road Administration) F#22 1985358 19967tx] X d £ade
€3t A= ZAA £3YEY ZEFFH FAMN HE T2 T AR JEYt dAE x7)
227t 92 HEdA 483y $x9 F= 3, HE AR & BSAE 28 FAV FrEx
& FF E37r 433 AP Ao FAH[T HAZ £3YE F3519 FH A AU Leaching
S RANEY B4 R F94% A 27F=7 2 £IYEE FA o) & Bolug F4
7b Fol £APEL] WFAEE ZA ok FAE 7 24 L FFgNEo] A dgol A FEA
F8AEAM ZHEdd Fom FEE FAVE ek £IAHEA F S e, v Ao o] #ASHUG.

&

R

¥ 4. £32E 7% Class(Norwegian Concrete Association, 1999), ©$ Mpa

gzRs 57 C30 C35 C40 C45 C50 C55
#H A2 45% 7= (Cube, Cast Specimen) 30 35 40 45 50 55
3 2 9+% 7} = (Cylindrical, In-Situ Coring) 19.2 224 25.6 28.8 32.0 35.2
N A 3.8 4.2 44 4.6 4.8 5.0
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w2qold e YFFES SEAF, BARRE, AVRE] B4 2A%G £AYE FE 3
FE E 4% gol FEIT ol w B ¥, 4%, A, P2 B} AR FFLE 57
2 Hgu)

w2golddE £AAEY e BARFY e ANEE FAHT Atk c2doldME

ZAYE FREBol EHe A9 Axd ddo I3k €43 7 $(somewhat aggressive, NA), =
o geotst 7 -(more aggressive, NMA), o} Eod 73 *(very aggressive, MA), 33| Qs A
(highly aggressive, MMA)Z TF &3l 3753 (environmental class)& AAR3t1 old wal Zagde
o gy, AE2Ax 58 28 A3 ch(Norwegian Concrete Association, 1999). nE e de] A Lo =
HEdFxEo] A3 8749 53F& ¢ 4 535 ‘vl -G (very aggressive, MA)' 3ttt FAS T
e ole EIAZYE FXE, 459 S ¥ A, FiAstaY 4F 32 gE 3240
He A 9 F84H0A FEFEHE wE Ay A3HE AE 58 35 Fo|th o] ®ny}
3] 943 AFMMAE 849 AY v HAELEA 19909 o] T BF C45 5F
£AZEZ} AlTHIL 3t

I AEE Be =240 7| MA 374 582 &3 Ro) eFddn ddEy o) ul
2t FU Unlined Tunnel 332 93 £3gEE =290l C407 C459 FUEL HLsto dx¢=7

TE350 kg/em’®, BAZAZEE 45 kg/em®S A A3

>

gy Mo ofn
kr

)
_L o e R

)

©
KeX
= i

oy

£

(3) F7

£ ES HAFAE EEARAYY ogtt & Unlined Tunneld] A$ HAs3 vl Zo] a7
ES FAxe A FAN M Fod WFA 'n'zl 840BE AHAZ AIEHE £IAYEL FAE
FA 5 cm oo Fool @t g £IaE P FA & (1~3 cm) FEAAM 2
A8t i(Davik, 1996) £ ZAHH AELX 3 cm ooz £IYEL YA ZHAM B o F
4 5 cm o4 FAE R} Aol st

432 A&
(1) £29E ed ¥y 2 EAd7A

2R Ao £3aHE 7|AE 934 Compressors AHOJE 12~16 m*/min®] £%F L 7AW, g4
< 7 bar(70 kPa) ©]/49 S FAE 4 glojol 3t} o] o]ste YL =38 E9 Compactiond
v g g9t AUXA 1o BAE AS B0 2AYEZREY E o Bleeding @84S A
g 4 Ao
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