Ground Reaction and NATM Concepts for the Design of Underground
Excavations in Rock '
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TABLE 14 -

CALCULATION SEQUENCE FOR ROCK-SUPPORT INTERACTION ANALYSIS

1. Reguired support line for rock mass

Irput data reguired

¥ @c = uniaxial compressive strength of intact rock pieces .

m material constants for original rock mass.
5 {see table 12 on page 178)

E = modulus of elasticity of original rock mass
v = Poisson's ratio of original rock mass

m-. material constants for broken rock mass

sp°  (see table 12 on page 176)

¥r ®unit weight of broken rock mass

Po *= in situ stress magnitude

r{ = radius of tunnel

Caleulation sequence

M ..',[.[L:.]E + m.pal.fu:_+ 5 }‘l’ 8

Fo

m
a. Y {(102)
B. D= e =i {101,116}

' m+4(M/a_(py - Mo ) + 5)%
Pg = Mag LI
O E[T m“‘-f] ._ Janok
d. Fer P{ » Po - .Hcr,: F ‘defnrmtTr;n. around tunnel iz elastic
TERPSEED ¢ (R Tyt R T ____ Lo

Input pg Eﬂ - _E_{Pﬂ - ,F;,} i E._. {117) -

e. Fo}* Fi < FPs = Hdc. ','_-plastil; fail_u['e occurs around tunnejf -
Mo i e %
e 3 Mae {108)
2 o Sr .
1. ;% = QN z[mral: _+ m]i {104)
- g- For-Te/r; <3 : R=20In re/n;- {(11%)
h. For Telry >3 : R=1,1D s (115)
i g m tlteln)(Tejrs)? (113)
@ ((resrg)2 - ) (1+1)
j. A = fzuf.l'rre "-ﬂmj {re.l"]'{jz {111} .
L. A ﬁ_-[i'e‘“’*. (110)
Pin 1+ A
1. For roof of tunnel, plot “ifrs, against ._H"*T"{m-rﬂ
- Fo
m. For sidewalls of tunnel, plot “i-.-’ria aga{'nst pifra
#. For floor of tunnel, plnt.nih'ia against E-L-IM
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Radial suppart pressure, p,

Radial displacement, &,

Figure 11.3

Illustration of the
influence of support stiffness and
of the timing of its installation on

support performance.

Tigare 11.4

Mon-linear support

reaction curves observed for some

SUpport types.

ROCK SUPPORT AMD REINFORCEMENT

important influence on this displacement control. Figure 11.3 shows ,
rock—support interaction diagram for a problem similar to that illustrated i,
Figure 11.1. The ground characteristic or required support line is given by
ABCDE. The earliest practicable time at which support can be instalied is afie,
radial displacement of an amount OF has occurred.

Support 1]is installed at F and reaches equilibrium with the rock mass g
point B. This support is too stiff for the purpose and attracts an excessive shars
of the redistributed load. As a consequence, the support elements may faj)
caysing catastrophic failure of the rock surrounding the excavation.

( Eupport 2, having a lower stiffness, is installed at F and reaches equilibrium
wit e rock mass at C. Provided the corresponding displacement of the
periphery of the excavation is acceptable operationally, this system provides
a good solution. The rock mass carries a major portion of the redistributed
load, and the support elements are not stressed excessively. Note that if, as in
the temporary/permanent support concept, this support were to be removed
after equilibrium had been reached, uncontrolled displacement and collapse o7

the would almost certainly occur.
_r’f Support 3, Baving a much lower stiffness than support 2, is also installed g

m%mﬁ; eguilibrium with the rock mass at D where the rock mass has

- started to loosen. Although this may provide an acceptable temporary
solution, the situation is a dangerous one because any extra load imposed, fc;

example by a redistribution of stress associated with nearby mining, will have

. 1o be carried by the support elements. In general, support 3 is too flexible for

thjﬁ _particular application,

_Support 4;ef the same type and stiffness as support 2, is not installed uniil
a radial displacement of the rock mass of OG has oceurred. In this case, the
support is installed too late, excessive convergence of the excavarion will

shotorere

Pre-cast
concrete liner

rack haolt

possible buckling
failure

Radial suppart pressure, p,

blocked steel sets

Radial displacement, §,

=
._,!!.'

;
j
|
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TABLE 14 - CALCULATION SEQUENCE FOR ROCK-SUPPORT INTERACTION ANALYSIS

Z. Support stiffness and maximum support pressure for concrete i
or shoterete linin 1o
g n pee
. . [~ |
Input dote required Sl
; 5 e . I |r E:Fb L
E. = modulus of elasticity of cencrete or shorcrete RS ¥ o
Ve = Poisson's ratio of cencrete or shoterets ol B
te = thickness of lining e -
Ty = tunnel radius i l'.{/
Yc.conc, = Uniaxial compressive strength of comcrete or shotcrete <k
- ¥
Support etiffness and mocimenm gupport presgune (@
Ec["{z =g = $,)2) :
. k, = t2oj
- < {1 + v:_][{l - 21';]'1'{,2 + fiﬂi - tc]z }
-3 -
: 2 %
B. Peomaz = hc.conc. ik ¥z | ;r'] _1?"_! “21}
3. Support stiffness and maximum support pressure fer blocked ¢
steel sets
Input data required ; .
W = flange width of steel set
X = depth of section of steel set
7 MAg-.= cross-sectlonal area of staa| set
Is = moment of inertia of steel section
Eg . = modulus of elasticity of stee] section
Oyg ® yield strength of stes]
;== tunnel radius
S I= steel set spacing along tunnel axls
8 "= half angle betwesn blocking points (radians)
tg = thickness of block 2
Eg = modulus of elasticity of block material
Support stiffness ond morimm Support prassupe
: T
1 5.0 5.7%% 1.8(8 + Sin6CosB) 5. 8. t#
y — g i E 2 - + = 1
N EcAs E;ls [ 2Sin %8 ! Egh= by
3:‘.5155!,-5 ' 3
5 1
5 Pasmaz 25.74.8[315 + XAgrg - (t5 + (1 - Coss)] (123)
4. Support stiffness and maximum Support pressure for.ungrouted
mechanically ar chemically amchored rcckbolt:-l or cables
Input data vequired ,
t = free bolt or cable length
dy = bolt diameter or equivalent cable digmeter
Ep = elastic modulus of bolt or cable material
@ = Jlcad-deformation constant for anchor, and head
Tof = witimate failure load from pull=-gcut test
gy = tunnel radius
B2 = circumfarential bolt spacing
g7 = longitudinal balt spacing
Support etiffress ond momimm support pressure
1 FaE] LI .
a. % = ['_-,_"db‘ch - QJ ) {1.4?}
Be Poznae ™ Thi/8087 (128)
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TASLE 14 - CALCULATION SEQUENCE FOR ROCK-SUPPGRT INTERACTION ANALYSIS

§5. Available support curve for a single suppert svster |

Input data required

k = stiffness of support system under consideration
Poman=  Maximum support pressure which can be acconmodated
T initial tunnel deformation before installaszion of SUpport

Available suppert curve

For p:;-tpsm H u'i= ?lﬂ' o '_'L i1149)
:-1: 7] ‘

6. Available support curve for a combined SUPPOFt system

-

Input date required

I:l = support stiffness of system 1
Pemzz) = maximum support pressure for system |
Ha = stiffness for support system 2
Famars = maximum support pressure for system 2
= initial tunne! deformetion before installation of support

installed at the same time and to start resnonding to

Y

1""": “ {Wote that the two support systems are assumed to be

[}
- \\ tunnel deformation simultaneously )

Caleulation sequence for available s:@ﬁ:ort e

f__,_,.ﬂ-—-—' u]u'l_n" U-IE‘ ?
o "w::l = Fﬂf'pﬂm]fkl r
b. um.azz = TP : fl:g 7

@ mH1z = PT:-P.I:"FH‘:I + kgl [V

d. For @ ﬂml = umi-f?_ . \}1{? /l..:'rr-:'-d_";.

==
. u. . i
s /1] (130)
r, T, (k1 + Rgl i
T i L J
g i’/
. For  uy; ={u peou An
g 2 mazy | maTs - | -
Prazys = maz (ky + ka}iw; s Drere

b

F > < u
or Uiz u]-'l"'.u"l'z 'ﬁﬂ:1

Pmlz = umzikld- F:zjlf"z“_; 7

i
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TABLE 16 - TYPICAL INPUT DATA FOR ROCK-SUPPORT INTERACTION AMALYSIS.

e = TR

Rock mass

Uniaxial compressive strength of intact rock = d. = seg table 3 on page 147,

Material constant for originmal rock mass - m = see table 12 on page 176.
HaterTai constant for original rock mass = 5 - see table 12 on page f?ﬁ.
Modulus of deformation for rock mass - £ - see table 15 on page 262.
Poisson's ratio for rock mass =+ = 0.15 to 0.30.
Material constant for broken rock mass = mr = see table 12 on page 17E.
Material constant for broken rock mass = 5r.‘ see table 12 on page 176.
Unit weight of breken rock mass = ¥r = see below
Sedimentary rosks vr -. 0.02520,003 HH/m? - 155£1% 1b/ft?
Igneous and metamorphic rocks vr = 0.030:0.003 MN/m? - 187418 1bo/ft3

Momomingralie aggregates (ores) Tr - 0.03420.012 HR/m? - 210475 1b/Fe8

Depending wpon the degree to whish the rock mass is jointed or broken,
thess values may be decreased by wp to approcimately 20%. -

Concrete or shoterete linings

Modulus of elasticity of shotcrete or concrete - E. - 2127 GPa - 3 x 105 =1 x 108 1b/in?

Polsson's ratic of shotcrete or concrete - ve=  0.25

Compressive strength of shotcrete or concrete - Oc.enpc. =~ 35420 HPa - 500023000 1B/in?
- (Depending upon age and quality)

Elocked steel sets

Light seetion EI12 | Medium section 8T 23| Hemvy mestiom IS WES
Flange width W 0.0762m 2.0 inches | 0.1059m 4.16 inches 0.3048m. 12.0 in.
Section depth x 0.15824m  A.D in:hés 0.2023m 8.0 inches | 0.3048m 12.0 in.
Section area Ag 0.00228m2 3,52 in2 0.00L33m2 6,71 in 0.01233m% 19.12 ind
Moment of Imertia Ig | B.74x107%m* 21 in® 2.67x107%m* B4.in" | 2.22x107"m* 534 int
Young's modulus of steel - E; = 207 GPa - 30 x 105 ib/in?
Yield strength of steel - O, - 245 MPa = 36 000 1b/in?

Young's modulus of blocking material - €5 -  Sti7F blosking 10 000 MPa - 1.5 x 108 1b/ins
Soft bloaking SO0 MPa.- 72 000 1b/in?

Rockbolts

Bolt diameter = dy - 16/3in. = 19mm/ Y, in. - 25w/t in. - 3bems135in.
Young's modulus of bolts = Ep - 207 GPa - 30 x 10F 1h/find

fnchor stiffress -0 - see table 13 on page 257.

Pull out strength = The™ tee table 13 on page 257.
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1654 17-79 COMPUTATION SHEET 1=
F'-ll!"m ol Heclomation
av ||:.~-a-ra PROICCT
| ISHEET oF
CHED By iL‘.ATE FEATURE
i
H |
SETAILS
E’ [ﬁ!umer{_eul Examf::kt, Groond - Soppait T nrerachon .
A 3% ft'_' (10.7m) diameter highway tunnel is driven in fair
‘quality gneiss at a depth of 400 ft (122m) below surface.
The following data are required to calculate the reguired
tup‘pnrt Tines for the Tock mass surrnundmg the tunnel :
.Umax:al cumpresslve strength nf rn:.ir. s::,: = 10,000 1b/1n? [E9 MPa)
HMsteriatl constants fur nrlginal rock m = 0.5 7
T3 mass s = 0.001 :
Hodulus nf =ln:t!:1t1r of rock mass - "E =2 x 105 tb;’!nz (1380 MPa)
Poisson's ratle of rock mass Tl o= B2
Materlal constants for broken rock m = 0.1
. i R B ; 8- = i
Unit weight of broken rock "l: = 0.074 ib/in? {0.02 MN/m3)
in ity strese magnitude Pp = 4BO 1b/in? {31.31 MPa)
Tunne] radius’ 2z =210 in {5.33m)
t‘ 13, s B
| i { P
_rollews Caleuwlab on ~Sequence “Table [4%. ep- (% L
+1 =002 , D= -061 , N'=o6
- ¥ (_13'1::) adus_ob Plashe
E_ Zone. (e @lr) (RN (e _.-«) (f
0 | TRy T = 4@"' 1 |3
S 10 o 951 9.4 q. Lb
O o % il gs T35 6.9
30 i1 01 s.3€ S
) _22.05 4. 55 o |
60 20.12 2.62 Baid
g0 b N .22 i1
o) I1.50 O 0

Pic= Po= Hee = T_PE'* =D \f P
Fi < loo f:m}

elanba

Fvﬁmhﬂ pculurt
Ceours armond

i Tﬁ.?_ h;nhef) :

> oo pst



e » COMPUTATION SHEET I
THED BY i:\.ﬁTE FE&LTURE il R
DETAILS
Sidecalls. Roof Floor Drgric*"
F'. (=) Pt ¥ (e-n) 2 -"ﬁ(n:-r;) | W (1h)
(=) Cp=t)
0 3.7 e S.03
2 2.5 13.5 1. €5
(¥4 Y4 | 35.9 I+ 05
60 62.3 51.% 0.62-
fo -0 9 D.59.-
leo o0 leo 0.4% /

Ete;mhﬂ sofikion

0. 60
0.5%
0.55
. 53
0.50
0,48

-Ft‘ (Pg) D.srlc*- 'u.-. = . (lxp) (FQ*F}J/E (Jr‘j



Ib/In?,

Support pressure pg

275

i Tunnel deformation wy - mm

G 25 50 75 1

ag 125 180
20 N T = T T T T 5:
I
|
|
=05
70 |
i
60 F 1 =811 27 steel sets at 5ft centres
with gopd blocking. Jdo.i
| 2 = B'1 23 steel |sets at 5ft centres
) ! +  with poor blogking,
3 - 2in thick shotcrete.,
50 F !' bk - 1in diameter 10ft long mechanically
[ 2 : anchoréd rockbolts at 5ft centres
@ installed within 10ft of face.
5 - lin dismeter 10ft long mechanically Jg.3
: anchored rockbolts at 5ft centres
Lo b Tt i installed about 30Ft from face.
: imna)-- a
. B i ' s
. L i
30 | R Rt
g d 0.2
Roof 9
0
: (&)
Sidewal ‘ :
o 0.1
10 | .
il ®
| N
0 L1l 1
0 1 2 3 f 6°

- Tunnel -_defunﬁe-tinn wr « In.
Flgure . 134 : Rock-support interaction analysis of 2 35ft diameter
tunne] in fair quality gneiss at a depth of 00 feet
below surface.

=, Hbg,

Support pressure po




7154 (BT + COMPUTATION SHEET

Buresu of Beoleration

oy |DF~.TE : 'PHI::_IE;:T %
. SHEET oF
!
CHKD B ipaTE FELTURE
I
A i
DETAILS
S-Uﬁba?f Gieve Block Steel Set= .
Bleck Steel Sebs 2T 23 cheel sete - g 0k = =paging
o) : :
Y, Flange width of steel set W = L, 18in (C.10%9 m)
Depth of section of steel set X = 8in [0.2023 m)
 Cross=sectional area of steel Ag = §,71in2 (00043 m2)
Homent of Tnertia of steel section Ig = Bhin® (2.67 x 10=5m4)
Young's modulus of steel Es = 30x1081b/in? (207000 HPa)
Yield strength of steal . : oys= 3600016/ In2 {245 MPa)
Tunnel radius r; = 210in ey {5.33 m}
Set spacing 5 = 60In — ¥ (1.52 m)
Half angle between h'im:klng points 8 = 11.28°
Block thi:kness ' tg = 10in (0.25 m)
Modulus of blocking material }-&,- 1.5 x1081b/in? {10,000 HP!‘}QL--"";’."T\— L-f._cﬂchrrq :
Deformation before support Installation ;= 3in {0.075 m) |
In situ stress magnitude &““‘““ Jin? (3.31 MPa)
| —_ Y
s From Table |4 3 1[3.1: tEe e
r I."." —
| e En é.m_ + ED §2u::+) __xll 25 (.ﬂ_ .25 s 1L, zsmitas) i
3 T
Re 3100 63— 310xew L0 T : e
E,J_.f‘:-v s 4 ] ot el 2otk - 2 =N H-ES s
IR : o Lo . -

| i o ot ;
A \L .
+ 26601 x 1125 x m/.s O% (k. 16)
B - — 2 =

_J = k= L3 IDL*P-;‘; i
f’qmmuﬁQ sufaf:mrl- pressore HFSmn.x | (Gm Ta-lﬁla |+ PP ) [Dsmt a5 Psf

F—%. 53 RN LR N T ool
jupi=" s

2 x 60 xa{)xﬁ, kL2585 f&x&*-r + ¥xé.1! (210 - (ED-H:-DO*M-{LZ_‘
e :

< 23.8 FS'I /

Foll G:u:e.de\?&rmahm: 5 in when face i3 behveen 1 and 1/2
ronnel diameters C(ii 3s- s2.5 B

= 2n. da Pioaemenl- as il hht. .1..;:1.&& o.t*. o
dwba nce mn&dﬂ behveen 241 '- 21.5 PF
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[SHEET aF
CHED BY CATE FEATURE
DETAILS

b) Feor dmm% 2B = Lo o Bro g
E =

fiﬁdnlu.a of achm'j maten al '}, coo F’m sl Blacking

B

I : 3T .
i v I o x AD &+ GDEQLDI L_W-_.xéﬂ T o + =m0 e
h: 310 'x 6.7 3[54?; PN I¥o 8o 2, )

< ..'Sm\?‘ \Zb

+ -2::@0 xzoxlc/?e;mx@ ta)

=2 i'ta*:_ oY Pt

f_-, i 3% 6.3 x 6k x 36e00
Imax 2x%60 210 x_g-_.@x b+ Sx6.31 %136 @fmszn))

i Pm = G "f' FS[ T

L) Jj‘_s*: __'_-rtianahl dnmkrcu.hm l’lndem,l':'ﬂj H,ed'eﬁ and Eea,nlj

=5 rock load HP O-E.SE; = 03X C8+H{-)
- R= H’{_: 35 & =D H . €38 B =dns B

_ F _:I_g - 2.§ F%I

“;‘foren well mlfﬁ soppat Pr:-_'ssum
ool predocked ﬂmund -
oL A NS S U EUﬂamﬂ" nkzrach on. Gﬂnccpi'
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CHED BY CATE FEATURE
{ CETAILS ;
— i
Suppert Girve . Fin THiokres shororete 10.-.1er
=
Shoteretre
Modulus of elasticity of shotcrete Ec = 3x1081b/in2 (20700 MPa)
Foisson's ratlo of shotcrete ve = 0.25
Thickness af shotcrete layer t, = 2in 7 (0,05 m)
Tunnel radius r; = 210in {£.33 m)
Compressive strength of shnt:rnts gee™ SD001L/in? (34.5 HPa)
Deformation before shoterete placing ‘= 110 {EI,CIZS_ m)
Ir sltu stress magnitude ! _Pp ™ 4B01b/in? ! {3.31 HPa)
L.':.- e adble EltI Pp- LF
_Dfﬁpﬁfm*ﬁhﬂﬁ e s‘nnﬂrerch fﬂamv‘:é din. =5 chohrere placed -
&, +unn¢|. S

0.5 Ft beNind the ance_ "‘f

e = ﬁfﬂ"fcmo) Y ket 7
w .25 (ns(an)+eofg) | |

o sm;_(__l__:.:;';i_'(;ze;e)l =i

210
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SHEET aF
CHED BY CATE FEATURE
DETAILS

Suﬂwﬁf Curre Rock belts.  “1in ;25 ; SFCLc-thQ S BrE.

Ro&‘& bolts

1201n (3 m) : oG-

Rockkelt length ! I =

Fockbalt diameter dy = tin ©. {0.025 m) s
Modulus of elasticity of bolt steel Ep = 30 x 10516/in? (207,000 MPa)
Anchor/head deformation constanmt . @ =2.5x10"%n/1b  (0.143 m/MN)
Ultimate strength of bolt system Tpe= 65,0001k {0.285 MH)
Tunnel radius 3 r: = 210in, {5.33 m)
Circumferential boit spacing. 8 = BDin | {1.52 m}
" Longitudinal bolt spacing ' g1 = EDIH‘J {1.52 m)
Deformation before bolt installation U= lin {0.025 m)

In situ stress magnitude s = WBOIB/in? {3.31 MPa)

Sl From Table ﬁ[f FP o )
| D&(ﬁ’eﬁﬂqhan L-.e ore. ‘Lo.m mc}t LD“I. .‘ .‘l m ==T-'-~w bolts " f:-‘mcéd
F-N0.S F{" belind Tﬁbﬂ ce af TEE:_ tuvanel e} B s

—— ..I. - S @ i;é_ﬂ [_1‘- _K_I_'E_I) - .___‘.-;__ z-;é ’ in;s]. sl ._._.k_.... _- et I o T
TSCU A ot LR A S : E |« e EEARRINROL - R | boi o o g
B Ryl T2 Y N R i

PS'““" = 6Seen. o 8 0R s . | 1
SRR SO AP O 5 ) O o S L Eirc i ST A L A

2T Sra S ok e i s

S — TR i A ST SRS SR ._“-..-h':ll'-. I[‘ J...': Pkﬂr? " —
¥

i 7 |
LU B EENE I DO ! Y s i
Lonhual. shelrele R R R - 9924 ISRen o (7237 | S
: L PR Lo T o A A ALY,

_LE{IE i = . i it R T T W BUS BN T — - . WL \\-\_\_ __l!'{. =
= S - e o e S S W S by s sl
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(sroned = Suppat{‘ _Lnteacton - eferencen - .

u} Qabc&tu'ae,z, L. U._..':Tﬁe... ?\Iem Prusﬁmn Tunnellin effed . Waker
.Pomer}wﬂl. 16, 155'-1-1 Pp- Y53 - kST and vel. N3 , 1365, PP- 19-2k

) Heek  E . and Brows | E.T- Empineal S‘Ii‘fenafg Critenen for
sck ssen A=scE {\E.L of Gesokechnieal E“ﬁ' D?ﬂlﬁtﬁhf
\. 106} &T3.  , po. loI3- JOSS

3 Qrm =2 el ,Q*... L&dm.x"‘t B. ) Heek, E. Groond .
) e.urzansi; G.Ljru'e Er !.ieé#a._"'mnr%ls’ = fal. B‘i Genrechnicald

ng - Dirson ) vol_ | , Me. :1Jr Ii’a’gi?. ; vl W G

3
U,) Hoek, E. and Brwn, €T Underarevad  Ewcacahens (i
ock , TMH Rl , [a%e. (Chapted 0%) . T e



NATM

New Austrian Tunneling
Method

I. Definition (after Rabcewicz and Golser, 1973)

NATM is based on the principle that it is desirable to take

utmost advantage of the capacity of the rock to support itself, by
carefully and deliberately controlling the forces in the readjustment
process which takes place in the surrounding rock after a cavity has
been made, and to adapt the chosen support accordingly.

Generally two methods of support are carried out. The first i3 a
vlexible outer arch - or protective support - designed to stabilize
the structure accordingly, and consists of a systematically anchored
rock arch with surface protection mostly by shotcrete, possibly
reinforced by additional ribs and closed by an invert.

The behavior of the protective support and the surrounding rock
during the readjustment process is controlled by a sophisticated
measuring system.

The second means of support is an inner arch consisting of concrete,
and is generally not carried out before the outer arch has reached
equilibrium. Its aim is to establish or increase the safety factors
45 necessary.

II. Major Elements of the NATM Philosophy (after Brown, 1981)

A. The inherent strength of the soil or rock surrounding the tunnel
should be conserved and mobilized to the maximum extent possible,

8. Controliled deformation of the ground is required to develop its
full strength safely. However, excessive deformation which will
resuit in loss of strength or in unacceptable high surface
settlements should be avoided.

C. These conditions may be achieved in a variety of ways, but
generally a primary support system consisting of systematic
rockbolting or anchoring and a thin semi-flexicle shotcrete lining is
used. MWhatever support system is used, it is sssential that it is
placed and remzins in intimate contact with the ground and deforms-
with it.

D. The timing of the placement of the support and of closing the
initial shotcrete ring is of vital importance in controlling
deformations and will vary from case to case.



E. The primary support will partly or completely regresent the total

. support required. The dimensionirg of the sscondary support is based
o an assessment of the results of systematic, measurements of
stresses in the primary support elements and deformations of the
tunnel surface and the ground surrounding the tunnel.

F. The length of tunnel left unsupported at any time during
construction should be as short as possible. Where possible, the
tunnel should be driven full face in minimum time with minimum
disturbarice of the ground by blasting.

G. All parties involved in the design and execution of project- de51un
and supervisory engineers and the contractor's enginsers and -
foremen-must understand and accept the NATM approach and adopt z
co-operative attitude ta dec1¢10n mak ing and the resolution of

problems.

III. MWATM ReTerences

Rabcewicz, L. V. The New Austrian Tunnelling Method, Water Power,

November 1964, pp. 453-457, December 1954 pp. 511-515, January
1665, 19-24

+ Rabcewicz, V. and Gloser, J. Principles of dimensioning the
supporting system for the NATM. Water Power, March 13973, pp. 88-93

* Brown, E. T. Putting the NATM into perspective. Tunnels and
Tunnelling, November 1981, pp. 13-17

+ Golser, J. and Mussgéﬁ, K. The NATM, Contractual Aspects,
Tunneling in Difficult Ground, K1tamura Ed., Pergamon Press,
1978, pp. 387-392
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