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A Case Study for the Support Pattern Appropriateness
in Rock Tunneling Designs
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The only three elements such as RQD, N—value and Es were used as a quantitative standard for the
design of support pattern determination on subway line 8th in Seoul. Because the support pattern that was
obtained by these elemenis could not be determined on the basis of the quantitative of geology and the
orientations and properties of discontinuity planes, there have been some problems in determining the
gconomic support pattern and tunnel stability. Therefore, in an attempt to determine the stable and economic
support pattern with more quantitative elements, more flexible rock mass classification with geologic
conditions was performed by using RMR at 1745 sections and @—system at 374 sections within Seongnam
block on subway line 8th. Then, resulis by these two methods were compared with standard support pattern
of the subway Lne 8th. Moreover, relationships between geology, geologic structures and topography to rock
mass grades were studied. '

According to the result of this study, it is judged that the standard support patiern designed with PD—4
or PS—4 should have been subdivided into 4~6 support-patterns. Some sections where geologic structures
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such as faults and joints are developed tend to have low rock mass grades. And they also have low rock
mass grades near valley. On the other hand, they show intermediate grades at piedmont area and the

greatest ones at high- mountains.
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Fig.1 Geological map of the study area.
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Table 1. Rock classification criteria for design of the subway line 8th.
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Table 2. Selection of ESR based on excavation

category.
Type of excavation ESR
Temporary mine openings, etc. 3-5
Vertical shaft :
i ) Circular section 2.5
ii ) Rectangular/square section 2.0
Permanent, mine openings, water furnel 1.6
Storage rooms, water treatment plants, minor,
road and railway tunnels, access tunnels
ete.
Power stations, major road and railway| 1.0
tunnel etc.
Underground nuclear power station, | 0.8
factories etc.
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Fig.3 Support pattern determination with plots
of equivalent dimension(De) against the
rock quality index Q. Numbers in squares
refer to that of support pattern.
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Table 3. Rock classification by RMR in the study area.
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Table 4. Rock classification by Q—system in the study area.
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Table 5. Standard support patterns for design of the subway line 8th.

Suppot patterm Excavati Support
Ppotl patie xcavation Rock bolt( ¢ ) Shotcrete Steel rib
Systematic bolt 100mm in H—100 spaced
Bench cut or full face | in crown with crown and 1.2m.
PS—4 . .
: 1.2 m advance. wire mesh. sides.
L=3ms=1.2m.
Systematic bolt 150mm in H—100 spaced
Bench cut in arch with crown and 1.0m
PD-4 . .
1.0 m advance. wire mesh. sides.
L=3m,S8=1.2m

Table 62 RMRe] o]& ukg7le]s dojd A=
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8o I5E¢ good rockol|l A A go]o
et g4 REHoez Zo| 3m, 7+F 2me EBE
¢} Agke-Ro] 50mme] &= E7 Pase, I5F
¢l fair rocke A& glelo] = st FA Aol 4m, T
2 15~2m¢| A EE(systematic bolt)e} Heh
o4 50—100mm, &3 %e] 30mme] £IAIYE7} 2
237, N5 poor rocksl| Al sfoloj st o
A el 4mzrd 1-15me] A ZEE Yk
A 100—150mm, ZHERe[A 100mme] £z:=]Es}
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Table 6. Geomechanics classification guide for excavation(after Bieniawski, 1976)

Shape : horseshoe : width : 10m : Vertical stress . <{25Mpa :
Construction : drilling and blasting
] Support
Rock mass class Excavation Rockbolts($20mm) | Shotcrete | Steel—rib
1. Very good rock Full face : Generally no support required except for occational
R.M.R. :81-100 | 3m advance spot bolting
Full face Locally bolt in 50 .
2. Good rock 1.0—0.5 advance crown with cr;:?l where None
R.M.R.:61-80 Complete support 20m | wiremesh reatired
from face ‘L=3m, $=25m | ¢
Top heading and bench | Systematic holt
: . . . 50 — 100mm
3. Fair rock 1.5—3m advance in ( with wiremesh in erown and None
RMR.:41—60 | top heading. complete | :L=dm, S=15 | _Conr2
30mm in side
support 10m from face —2m
i -1 Light ib
Top heading and benc‘h Systematic  bolt .100 50mm igh ribs
1—15m advance in f . in crown | spaced 1.5m
4. Poor rock top heading, Instal | 00 Wiremesh 100 i h
R.M.R. : 21-40 P ng. SR —4—bm, SO where
support with sides require
) 5=1~1.5m
excavation
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Fig.5 Correlation between RMR and Q—System
in 8—~7 site. Dashed lines represent the
confidence limit(after Bieniawiski 1976).
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Table 7. Support patterns by tunneling quality index Q(after Barton et al., 1974).

Aatd AAANY ARG FH4 A A7

Support Conditional factors Type of support Type of support
category Q RQD/Jn | Jr/Ja |Span/ESR by Q—System by modified Q
=10 =15 Sh(utg)
=10 <15 B(utg)1.5—2m Sb 5m
13 40-10 <10 =15 B(utg)1.5—2m —8b 3m
<10 <15 B(utg)1.5—~2m+S 2—3cm
>30 Sb(utg)
17 10— 4 10—30 B(utg)1—1.5m B3m
<10 =6 B(utg)15+S 2—3cm —~B 15m+5(1)
<10 <6 S 2—3cm
18 >5 =10 B(tg)1—1.5m+S lem
10— 4 =5 <10 B(utg)l —15m-+5 lem B 3m+53(1)
<b =10 B(1ig)15—-2m+S 2—3cm —B 15m+5(1)
<b <10 B(uig)15—2m+S 2—3cm
=125 =0.75 B(utg)1m~+52—3cm B 25m+85(1)
21 4-1 <125 <0.75 S5 25—7.5m —B15m+5(2)
>0.75 B(utg)1m
>10 >1.0 B(utg)lm+S 5cm
29 4—1 <10 >1.0 5 25—5cm B25m+5(1)
<30 <10 B(utg) lm+5(mr)2.5—5cm —B 1.5m-+5(2)
=30 B(uig)im
=15 B(ig)1—1.5m+5(mr)10
23 41 —15cm B 25m-+5(1)
<15 B(utg)1—1.5m+S(mr)5 —B 15m-+3(2)
—10¢m
26 1-04 B(tg)1m+S(mr)5—17.5¢m B 2m-+5(2)
B(utg)Im+32.5—5cm —B 1.5m+8(3)
=12 B(tg)1m-+S(mr)7.5—10cm
o7 1—04 <12 B(uig)1m+S(mr)5—7.5cm B2m+5(2)
=12 B(ig)im+CCA20—40cm —B12m+8(3)
<12 B(tg)im-+S(mr)10—-20cm
>4 B(tg)Im+S(mr)5--12.5.
1 |o4—o01 | 15-4 S(mr)7.5—250m ISy
<15 CCA20—40+B(ig)1lm
=2 =>0.25 Bltg)Im+S(mr)5—7.5
<2 =0.25 S(mr)7.5—15cm
3¢ |01-001 <025 S(rnr)15—25¢m _g igﬂgﬁii
CCA(sr)40 — 60cm + B(tg)
Im

Key to support table
Sb : spot bolting B : systematic bolting (tg) : tensioned grouted (utg) : untensiond grouted

S : shoterete (mr) : wiremesh reinforced CCA : cast concrete arch (sr) : steel reinforced

(1) : 1 layer (2) : 2 layer clm : chain ling mesh Bolt spacing : m shoterete or CCA thickness : ecm
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