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ABSTRACT

NATM as method of tunneling has been applied to construction of domestic subway, roads, rail
way, ‘water way etc.

Accordingly, we have NATM’s many drafts and constuctional results, but many problems and
accidents have occurred under construction of tunnel using NATM for shortage of technical data,
Poorness of constructional improvement, systemic inconsistency etc.

Especially, everyone was shocked at Gupo's train wrecking accident lately.

The Purpose of this thesis is presentation of means for settling technical problems, by looking into
Gupo’s train wrecking accident and home records that applying NATM in tunneling failed, to mini-
mize future safety accidents we find that the general problems of home fifteen sites having occured
accidents is badly geological survey, nonconfirmation of base rock’s state, formal measuring man-
agement, shortage of specialists, systemical discrepancy and that disregarding NATM’s rules makes
general problems.

The results of this study are summariesed as fllows:

1. We advise repletion of design standards to practice crosshole test for confirming connected rock
base on'vertical section of tunnel, ‘

2. We advise to practice pre-boring and pre-grouting for a weak layer difficult in applying
NATM,

3. We advise systemic improvements that field servicer can construct tunnel of his own free will
considering base rock’s state at tunnel.

4. We advise that specialist, who can make a conduct and supervise above mentioned items as
well as measuring managements, should be posted at field.

77



. M

T

11 oI o =

Felvetele] Bd 142 NATMe| =4+
7] MR & Steel Ribet Z=2]E 2ol'd (Lini-
ing) & FARAZ = Ay FHR Algs
o] gtout 1980l 2= AMEAehE 3,434 o
kA e NATM BE e =4 A4
sto] 2 AT den, olF A& 27] A
G, 6, 7, 834, MLl At (B9, A
d, 4 asce, He, AP AET, A
FREHE T2 FAkl tiF-E 285

AT PE FELQAAIL
g I NATM AdredE ngez
NATM A 2A8E = 3l kAL
gpehe ol thavet =] H3x Ve
Beke Ak o 2 545 FoIvh

1,2 ol o e

2dFdAME 91d olF FulolA
NATM AtaAbd (R 89 38) & 15719 A8 &
T4 g2fsta NATM #3844 9 71& d3xt
EF Fastd Bdrtne] 8983 T T
HELEHE TAHCE sefgon BAYE =
Zotaat siglen, o8 EdiE /RS AA]

q K
o X0

bl
]
Do m s
A DU T

<}
Y
re
=

it W}

ikl

N
ol
N
1o
of
c}%
K
A%J
Ol
2
4
g
_9#
38

2. NATM2| 72

2. 1 NATMQ| Zi=iH

NATME A4 ABFHAE 2A A
A, o el dAl oste] s
gh, AA - AlF - ASe] Az LR #Ee 7

paLa

[ s
olo 7

\
o T \
B’
o

T 4
B

9min EkikE

Fig-1 Relation of radial stress{s,) and side face
displacement(U)



NATM %2 ol#g 9218 Edg ARt 7
A7} F2 EZH & A3 7 UEE £AYE
S} AR EA B HEE For ANE BT
ol

2.2 TeiAl Ejd 20 NATME] Bl

Az B dFEH NATM 29 & 7
- AR oz Zhzy TRl vl

A

32
[}
hv e

A

kS

2o

']) 7HL=lu40{] e Zel y

(1

) A Ee] A st a5

ST

N -
= o=

Al

Table-1 Comparison of tunneling constrution |

IR

N A T M

AR FIgele Py
E (Bending Moment)

o (B

|

£

F2 A¥er ABE 4
ot AHFog Mo
getgg AR W&
o AEF gle] ARk

(2

) A B2 A

Table-2 Comparison of tunneling constrution |1

™~

IR

N A T M

1

282X (Steel Rib) %
—’42.?‘/]__. = o E!EL' E}O]
d (Liniing) ©] FA EA)

qgg gk

R ¥k

A7y 7

z

=8

(3) ARAY 47

Table-3 Comparison of tunneling constrution |1l

Mz Al N A T M
1| =" (Steel Rib) s=72] E (Shotcrete)
1,23 gold EIYE|ZAWUL HEeA sl
(Lining Concrete) % &8 IE& &7z
Al FREXRE ol digHZAHe] Fal Tol o3
5 AR Zoldle olghE AAAzIch wEE
AWre 2R E M- AA| Agke] W &9t
b BAlO] 9 Fol | 3o} Auke Zrio) o
o R kg i Azl
- Z2AYE goly ZEE (Rock Bolt)
2 (=gulge} & zZgsteivtel g uel Uy
of ojgslEg XA g}, |she TES WX, %
Az B} FAlol| 283
X gke] gHREG F7IAIZ)
t},
3 - 22" 2]H (Steel Rib)
i 2T utEEo] &
Ho £aES] Atk
27 9 AR 2
1=y
4 2oleo] w4 (Wire
Mesh)
Bl 23 & Auke] Iz
7} otel o) =zplEe] B
g ENIY A F
72 AAE g & Qdch

2) otrd

Table-4 Comparison of tunneling constrution IV

oa A N AT M
1A olgkg s galvl|Elg FAukel o]ghg
W&ol A& st glol| 8 8skA] Yone xR
AeHrEE Fo LH)|FE JAE F vk ®
#RER et & AR Bld FEXA

Wel ASS sets

el e 1

o}

A
s

79



3 AlBd

Table-5 Comparison of tunneling constrution V

o2k N A T M
1|8 149 szl EleFe|Ey BB 21
AE golde R AE = Tyl wWalel Wiy
stAl Heg dyle] dalithHed A s) '\’]T-——;
B Tl Algo] golalaliElde] wd, Bxd, ©
7} gkt wHER geo] AlFe] &
2] s}t
2 [B8AITol EoldhA] ¥|idHa Edaia A1Fs)
=3 =

ol vlzd golsiz
o Ade 228 o
HEFHo] ARER

o

7Fssick,

(2) NATM

(v) Aef4] FY (ASSM)

Fig-2 Comparision of tunnel section

NATM= A4t

3 4574004
o] Erah

80

Fol F2 7 AZHRE A =, Algd A
A dlde £ AFUE ¢ A3t
mdge] BAlgEn dHEo] gl 71E 154
3254 S-S BEIEE APl oo AH
e 4 AEES ¥38 & e He AT
MY NATMS] FeaAdo] =o={Al =of =|5ta
3434 =R AskE A Agsialct

3. NATM Al Af|

NATM=2 =e] =AEE 9 4kekx] Eldo
°F 80% ol’de] A& lon, FAEA (3}
4, =2, A&, A 8T Fd gz
Bl 3AE tii-2oll 4851 ek

2R IIdRH ARl 2gg Ed)
2 Alge] oln] AgEAY e A Al A
ol = NATM AlF8E 31 NATM Aol
wHE AL At 157) @3 FEsle] AFiige
2 st

3.1 3L NATM &
0 X5t B4

TaAe) ApFoz Qg FAT mEd 2

g g o2 A& u| 23 A

T 52 d=AldlE w5 F dAE 93 s

ol EVHHsA =Holaw, ol dig el o

goz M2 AehEedE ddAY 7]

RS Ak 59 Aol JyHD JdE
d7goltt,

Mgl Af 71 gEE e ASHH 2,3,4%
A& °F 16km A= AFske FAE 433950
o, A3tE 534 (L=57.9Km), 6%
36.1Km), 734 (L=45.6Km), 83&A



ANl A4

T o W]
Tl <
T A
| 0 P 3 T
Ho iz o
&= = |4
: B2
= 5 "
T
T
zo ER ,&ocT
/o Ho JdoWHo
B i wa.anﬂg
el PO 5T Ho
o ™ BB AL
RENTF
A ..
A
% % T BT
o) ol W
R £
EXEEEL

Ho
4 Mo
%N»
-
..Vﬁ.mm
&
mo
oy
w
k3
o}
@\a
Ho =3
M_m
o i
Vw;mﬂ_
G
X

Hw

v

Fig-3 Flow chart of design and constrution for NATM

81



19.7Km) AAAEE Fste] dA) Zdo] &
3] R FolAY FAL EFEm Sl

g B4 Y, diF T BEAIME F4akA]
34 234 (L=57.9Km) % AMxsE 184
(L=23.02Km), ti-*Astd 134 §L=27. 60Km)
52 A NATME o] &3le] z3is|x glch

25 FAE 9T HdTHEe F2 NATME
Agski lew Bgte £ ukel vk A}
ol7} lout Agx|skd 5349 Afole AA
Aol 50% ol’E AR sk gl

2) E2Ed

SRR S A% nEER, 3= FY
AT AR E Bsteiof she ElEFAL
dAdzloln, &z Y= NATME o]&3t
El'dzlqio] EkalA zasn ich

T T2Ede] dig €82 MR 2 9
T 2271 ¥4 dEERFAlA SR 270
7ol NATME o] &3] AlF5< oz ZAL
Atk

3) ExEd

ia

AeEgel Y Azage e S5
4 37 2 AGNL ] ete] Aok
S

A3 F 124.3km 71&%4

3.2 AJZAL|
9111 o]F =fjel 24" NATM HHE =

82

Hxeld 13% -

61%
=2ed 13%

Fig-4 Status of NATM accident for constructional types
Atze] HAE H &S AulRE 2 Al A

60%, =2Ed 3 AT AT, 2xEd
oA 40%7} EPE Aoz vehta St

1) Xt ElgAfz of

Table-6 Accident case of NATM |

TE(ADEE AL YAEX AT R
I AT 91 8 26
BE7| 91. 9. 27 |#d #EI)
kA 5-AF 91 11, 7 (A2vpdm AAA 9
% 5-BF7 9L 11, 27 |34t a7 e &
o1z 5-C37| 92. 2. 11 |4del= MBC & A
ebd| £ AFT[ 92 8. 26 |AEdE 79
2-ATT 92, 9 22 WAE AdSa FE
5-DFF 93 1. 7 |[FAHEY #H
5-EFF 93 20 1 |k nepix a9

2 T2, HE, XEM HETEE AL of

B2, Ex, AFA AETEE AT e
datas 91d o)F 3w AL BdedEAlt &
67io] TAE Zog ZAMECH, o]F TRE
dollA] 27, Exeld 27, A5A AHFEL
Al 2z10] TAE|Q]LY,

£3] A4 AEFEd FA 5 93 3¥ 28Y
B i () oA TR tiEgEAD

25478 (AP 2 789, FAk: 176%) olghe 94
Awsls] 2 AEl g uksiA =Tk

ox,
o ol

reorr



Table-7 Accident case of NATM 1l
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Table-16 Summary of accident case of tunnel construction

AlmaE | ookEE | oMoy EX4 | R Q. D | XSk dF | Bl AR | AIST b 3
A FHE X - o B x
B s 0 0% o ] x
C Fa x - o gl X
D e X - X il X
B = x - ° g x | Mg ez
F Faket o 0% o R X ]
G d & o 0% o bzt o
H FIE X - o shukzt X
I THE o S Rt X
J THL o - o g o E2Ed
K dLs o 10% o skt o
L T ° % o sk o AsEd
I © - x shira x
N Zslt o — X = X &= Ad
0 ran] o 15% S g X Blg

+ NaEge) e 9oz FaRe.

ABE, ﬂli‘?ﬂ, 7 -
r=o)] #al Ajgo g RSl F} AASmAt
5, 1 ZAF A 25t AlE

1) AREEAA A
£ HY FEge) A2 ik sheto

=

= —

2 719 e BN, & SATAEE
2 galo] AN = A=E AAVES RaE 2

87} 9ok,
9) AMEAA ALEHE AFAL RE BX

2 oo, F3E, FI 7] Ikt A
2 o] Foix|A] o} A F] HAE HES]| e
17F 2RBteE NX ool di74 AlF4=
o -g-g ARtEARE A ?'SW}

o 10 2

3) A& 7H4e] A3 Aol He 9 - &
TR ANE AAZA AAHE =R FUR
o1 S 92 e Fskn el A 3

ol Askr 8% °ﬂ e
5 waeel Ba%
@ e AANFE @Meoq 2%
£ sttt
6) Eidel £@aL4 (R.EME 3 A
Fa} 23S EUE de] et ASE &
22 nestel A Aedck



5.2 AlBa0]| &sk Ats

D FAF A FP9 ARk a s He, B4
slod FARS s vt ThseteE sle x1EA
B7}F dold 7ol ERIRALE A3

53] BEE%F NATMe] #4857 2aa o
A ZF, F dwte] Hel & Fa) Asta sk
7b EAgte ARAIRE olule] A HAR7E 2ekgk
2ol tisted s A7 83 (Pre Boring) & A4
st dAAHE AT T MET (Pre
Grouting) &8 AW+ 7leksln 218k},
2) A=A 2gsto] dale] xukade], A&

AATze) F15eH 542 B8

7iAlo] & g o shc)

3 BEdEFTHe Avtzz] 2@ FHAE 1
elgte] A Al3eME muslele] 2] gt
EF7LA @ F ARE

AA
4 obo) UF AR PE}R waiz]

Ca
o= Qg FHAx|yle] ggfo] oate Aol
H2E 5 dAlsle] Lopge] 2 9 B2l%

W3} Sl tjao] A gslolo} B,
5.3 HSBaAC] Mo
) DAY ) A 90YE 2N,

AA oz AYER] LT B A
=S EE A|FAE kAT A

&3k Tl ddolA g3}
7] 94?'?}04 741-5?— 71742114 =7l st =

2 Azl Ho) 558 bl Ay
BAE 59 U2 5 =S A

1

NO

=

6) Eldel dRAlute] A|ele)r) w3 kA
Rhol dest 22 F2728Q 2% XA

A FHAE W=A] FAslodo} g,

5.4 Zz| 2=0] st Afg

2) A EFE A0 ARl Alaste] BAbe
S7WA] AFAE Rt opdel, NATMe] S44
ol BlFo} SAFAHAME el g A=

HYART2He R.Q.D(Rock Quality
Designation) 15% ml2ke] |5l &%0] shciel
T 7 2SR 2R s 21 B
o] WE Ao FAHgom A2} Axe
1 QE BTN BUE T BaE Ao

2 UEa e ul, ZARAIA AkEARRbE ]
Bl 23T A 12}‘3, FHHA A=

#el, AgdYe] 2% 3
A 1571 Ao 5 -.‘i—xﬂzg oz _Lr?_,/_\jlggi
=4

ATFE Bk dojzl NATM Al

of
=
v
T
I
o]
flo



et 2ot

) AFETR 2 AZFE HYFDe @
29 gud AL 9sel BYR NPE AN
5 Q=S AAVEE B Bavt Utk

2 F3prt deta sdivE EAlshe I
3t MR B (Pre Boring) 3 AR 7% (Pre
Grouting) & A A]ghc},

3) 2XEE EAAE o uet A Bae 9 F3
HEH S AN AAZE F e A=A A

o] Basie)

2717F ol o] ARAX I} Zekal g

L

(1] NATM Z9e] 2AF 24 A8, 7rIA8, 1992

2] NATM Al2%, 2AREA ), 1982, pp. 12~
29

[3] &A1k 3, 434 (EE : NATM 1) ESA
F, N5 A EFAL 1986, 12, pp. 3~
15

[4] =24A18% A47 BEH, IFZ=2FAL
1992, pp. 31~43, pp. 165~172

[5] Rabcewic Z.L.V. : The New Austrian
Tunnelling Method Part I, Part II, water
power, Nov. 1964, pp. 453~457, pp. 511~
515

[6] Gerhard Sauer and Brijendra Sharma A
System for stress Measurement in
Construction in rock, Field Measurement in
Rock Mechamics, 1977

[7] ¥R B34t widsh~32aAZ A

A=t =d

2

3], 1993. 12, pp. 58~60, pp.73~75

(8] Ak A’BT ATEY ANTE A, (AP

Ay leds, 1993 1. 30, pp. 6~11

9] Aebd A9FT FHEE MG E DA, (AD
e, 1993 1. 30, pp. 8~11

(10] F5~5d 2eld (rEAlEld) HxiThE
3A, AhEAArIeds], 19920 4. 10,
pp. 6~9

[11] Ak A2—1237 AT B A,
I =EE], 1993, 5, pp. 2~8

[12] A3k A5—143F XA E DA, KD =
A7 eds], 1992, 1, pp. 4~15

[13] #HAH 28 ~A7E kxdEaA, (K}) g
FAMA7)&HEE, 1991, 11 1, pp. 4~10

(14] ¥4 57 945 B2 tEas (A) d=Ad
A4, 1993, 6, pp. 105~106

(15] ARrEZT e d7]e(03d Se2xs] =24),
<

oy @

&)

TAA] AstEEde] B3R A, 1

pp. 41~65

[17] Ex7xEo dFAS B A7, d=4Y
FAL 7led T, 1989

(18] dAe= A3F A9A =HERH, dE==2FH,
1985

[19] el 3A ZEAEA, AEH, 1985

20] =29 72 AA7IE] BT THEE 2 A
#, 1990

89



