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A Study on the Reasonable Application Method of Steel Fiber
Reinforced Shotcrete in NATM Tunnel
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ABSTRACT : Recently, the proportion of long tunnel has increased for efficient use of land due to limited land area, driving
convenience and high speed. RMR and Q-System of empirical methods has been mainly used for tunnel support design in domestic.
Although shotcrete is the key to NATM tunnel, the related studies are insufficient. So, steel fiber reinforced shotcrete is applied to
II~V grade rocks on domestic and foreign applications. And same amount of shotcrete is equally applied to tunnel roof and wall
regardless of the applied rock load. Shotcrete is applied excessively rather than the original proposed value of RMR and Q-System.
Thus, this study is to reevaluate the application part of plain shotcrete and steel fiber reinforced shotcrete of tunnel in Daebo granite,
and to propose the reasonable application method of steel fiber reinforced shotcrete. Field test and numerical back analysis using
measurements were performed to verify stability. According to results, if RMR values are the upper class in the III grade, it can
be designed in accordance with upper grade. In addition, if rock condition is good as a mountain tunnel in Daebo granite, it can
be applied for plain shotcrete to III grade rocks because there is also no stability problems. And although steel fiber reinforced
shotcrete is applied only crown of the tunnel in IV grade rocks, it is possible to secure stability for falling rock by key-block.

Keywords : RMR, Q-System, Plain shotcrete, Steel fiber reinforced shotcrete
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Table 1. Guidelines for excavation and support in accordance with the RMR system (Bieniawski, 1989)

Rock mass class Excavation Rock bolts ‘ Shotcrete Steel sets
I-V d rock
Rl\j[rIZ: g;ION lrg; Full face, 3 m advance Generally no support required except spot bolting
Locally, bolts i 3 mlong, | 50 i
1I-Good rock Full face, 1-1.5 m advance. ey, DS 1n C rown m g i m
spaced 2.5 m with occasional crown where None
RMR: 61~80 Complete support 20 m from face . .
wire mesh required
Top headi d bench 1.5-3
. op fiea 'mg an eTlC m Systematic bolts 4 m long, 50-100 mm in
1I-Fair rock advance in top heading. .
spaced 1.5-2 m in crown and crown and 30 None

RMR: 41~60 Commence support after each blast. . . . L
walls with wire mesh in crown mm in sides
Complete support 10 m from face
Top headi d bench 1.5-3 . .
op heading and bene m Systematic bolts 4-5 m long, 100-150 mm in

IV-Poor rock

advance in top heading.

spaced 1-1.5 m in crown and

crown and 100

Light to medium ribs spaced

RMR: 21~40 Install support concurrently with . . L. 1.5 m where required
. walls with wire mesh mm in sides
excavation, 10 m from face
Multiple drifts 0.5-1.5 m advance in . . .
P 150-200 mm in Medium to heavy ribs spaced

V-Very poor rock
RMR: <20

top heading.

Install support concurrently with
excavation. Shotcrete as soon as
possible after blasting

Systematic bolts 5-6 m long,
spaced 1-1.5 m in crown and
walls with wire mesh. Bolt invert

crown, 150 mm
in sides, and 50
mm on face

0.75 m with steel lagging and
forepoling if required. Close
invert

A7|M P= AASHE, B= HEE, 1= 49| S5

R=RMRo]t}.

Table 2, Wall factor (@,) by Q value (Barton et al.,

1974)
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Table 3. The steel fiber reinforced shotcrete optimization
v \Y%
Classification 1 11 1
Crown Wall Crown Wall
= Shotcrete type P S
Original
Thickness (cm) 5 8 12 16
Shotcrete type P P P S P S
Propose
Thickness (cm) 5 8 12 12 16
Note P: Plain shotcrete, S: Steel fiber reinforced shotcrete
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Table 4. Results of strength test and crack survey at area of plain shotcrete

. . Rock Compressive strength (MPa) Core Compressive strength Crack
Field test section -
grade 1 day 28 day (MPa) Number Width Depth
100 km827.1~ 116 232 9
100 km844.6 I 12.0 23.5 225 none none none
100 km905.1~ 10.8 2.4 222
100 km920.1 ’ ’ ’
100 km834.6~ 12.3 2.5 18.3
100 km888.6 I 11.6 24.1 24.5 none none none
100 km920.1~ ) 1'9 22'5 23'2
100 km936.1 ’ ' ’
100 km936.1~ v 11.7 22.5 22.6 3
0.3 mm 1.0 mm
100 km951.1 (wall) 11.0 232 23.4 (transverse)
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dHERAL A 0, Ml 1A= wgo] WAgstA| 7F BE Y29 2.0~4.0 mm7} #HAYEe] FA A&
QIgron, IVE ShE 77 AXAIR AAgEoR BUF o) Z1EA 1K) Z1EA 9.6 mmol dhste] BiEels A
Ho| 3714 A A o= UEhlth o= AR E oz yeyten], dd3ste] A9olE 1.0~4.0 mm= 7|

Al

=
sl FEe 27|4E 9 A4}
U #Hgsks oo] wa FRA Pl dhat A
FRe) WelEe Aow woE,

m)o tate] 4=l e 3
23E o] A8H T7ke] AZK A 87A0lw, 7
M w7 fagEst A8E T e

o 7t ASAEE S5E AE YEag 9 Aaisie] 2

7|+= Fig. 49} gt

Station
[ e = e = == e e e = = e e R = = == = e i e R}
erDLDNCﬂRrRrgU\RrDLDDWLD:rNDUJWDLDm
o o NN M WD~ W o oC A/ M™M=t WL Wmw~M~
EEEEEEEEEEEEEEEETEETEETETETEE
™ ™ . ™ S~ S ™ R S R R R R L R R A
cocoocoocooc o000 0 4 dddd A d A A A A Ao
ScococococoococooooooOOoOOoDOoOooO
SR e e e
a LI I |
H H
H H
05 1 Steelfiber .. Plain _3 Steelfiber
= -1 -|reinforced shotcrete” »shotcretes - reinforced shotcrete -
H .
E s A
b= . .
E -2 00400000 ooohn se0ed ¢ 00000000 & & S04
H H
825 . H
m " "
o -3 a *  Poe = gue= e IR T
= H H
-3.5 -
H H
4 - . » e °
H H

4.5 - + convergence

= Crown displacement

Fig. 4. Displacements by measurement location

o
RS
ol
il
2
= &

iy

2
r
)
£
)
B
e
rE
do
N

U oyg
e

e}
o

ol

ﬂF

=

l

i

=)

mE

o

ol

ol

£

— 4

2 o
rd
Iy
O
ol
.-
2
ol
j

()}

e

o

2

rE

1

N

~
+

= %l
A|ej7} o] el ye)s} k5l Key blocko] oJgh Lt
ot el BT} AR A R A

1o
o
)
N
N
iy
flo
o2
=

8
et
o
ofu
S
ol
T
do

B eHox 7

i

A 7hs Bl "I9S Tefstr] ffs -ARAlS A7
S I, IVES

I=]
o} WY AEA RS

QL
H
zo Tlo

o b
Hu
ich
|m
e
ol T
o
Jo
o
o
o
U
[m ™
ey
e}
1o
offt 4
o

i
(&
L
rlr
1A
el
ok
_)'JJ
o

=
L
~

2o weEr.

=7
i $AEES Qi paeEs

24 >> A Study on the Reasonable Application Method of Steel Fiber Reinforced Shotcrete in NATM Tunnel



Table 5. Shotcrete classification elapsed time by rock grade
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Table 6. Analysis by construction stage and load distribution factor

IV grade

Load distribution factor (%)

100
55
20
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15

Construction detail

Initial stress
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Upper hard S/C
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III grade

Load distribution factor (%)
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Construction detail
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Full face excavtion
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Table 7. Input parameters of ground
. . Unit weight Cohension Friction angle Poisson’s Elastic modulus
Classification 3 .
(KN/m”) (MPa) (©) ratio (GPa)
III grade 25.0 1.0 38.0 0.23 Results of inverse analysis
IV grade 23.0 0.4 32.0 0.28 Results of inverse analysis
Table 8. Input parameters of tunnel
. . Unit weight Yield strength Elastic modulus
Classification 3 Note
(KN/m”) (MPa) (MPa)
Soft 24 - 5,000 -
Shotcrete
Hard 24 - 15,000 -
Rock bolt 78.5 350 210,000 -
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L= e R L = I B = < N = ]

I 1Y

(a) Bending compressive stress

@
=

(b) Shear stress

Fig. 6. Bending compressive stress and shear stress of shotcrete
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