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Abstract

Single-shell tunnels, introduced to South Korea in the early 2000s, have not been
adopted for the main tunnels of roads or railways over the past two decades despite
several attempts starting with the Gwangju City Bypass. This reluctance likely arises
from concerns about the long-term performance of supporting materials and the
absence of relevant criteria and specifications. However, recent progress, including
the incorporation of high-strength shotcrete standards and corrosion-resistant rock
bolt specifications, alongside equipment and technique enhancements, necessitates
a reassessment of single-shell tunnels. While the single-shell tunnel method offers
advantages in environmental impact, construction cost and period compared to the
conventional NATM, it is crucial to address the challenges, such as limited design and
construction experience, incomplete detailed standards, and insufficient construction
specifications, through further research and pilot projects. This paper reviewed the
basic principles of single-shell tunnel, current application and research status, tech-
nical development trends, criteria and specifications, and remaining challenges. It
aims to reignite discussions on the feasibility of applying single-shell tunnels in South
Korea.

Keywords: Single-shell tunnel, Application and research status, High-performance
support, Criteria and specifications, Challenges
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Fig. 1. Types of single-shell tunnel
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Table 1. Typical examples of single-shell tunnel in the world

. Length | Depth Year of PSCL PSCL
Project Country Type (km) (m) completion Ground (mm) (MPa) Remarks
. . . P: 50~200 Fiberglass rock bolt
Vereina Switzerland | Rail 19.1 1,500 1999 Rock Y- 100~150 - No waterproofing layer
. United . P:200~300 | C32/40 SAWM?
Hindhead Kingdom Road 18 63 2009 Soil S: 150 700) Synthetic fiber
. . P: 70~100 PP fiber
Gevingas Norway Rail 4.1 30~120 2011 Rock S: 60 - PE-foam inner lining
. . United . . P: 325 Design life 120 year
Elizabeth line Kingdom Rail 14.0 40 2015 Soil S: 400 C32/40 SAWM
Rivaloro Ttaly Road | 06 |10-100| 2015 Rock | b300-600 .| Washed with high pressure
S: 100~150 water jet
. . P: 250 Design life 100 year
Strathfield Australia Rail 0.1 3 2015 Rock S: 100 40 Synthetic & PP fiber
Seymour | ¢ ada | Water | 71 | 640 2015 | Rock | 50~75 - Q-system
Capilano Rock burst occurred
Serra do . Rock | P:250~300 P:45 | Crystallizing admixtures in
Cafezal Brazil Road | 0.3-0.7 | 70-85 2017 Soil S:200~250 S: 60 secondary lining
. . .. P: 50~70 Design life 50 year
Chuquicamata Chile Mining 25 1,050 2018 Rock S: 100~400 - Synthetic fiber
Kingsgrove Australia Road 0.3 17 2020 Rock P:300-350 40 SAWM between two layers
ramps S: 200~300

a) P: Primary lining (hard rock: 80~150 mm, soft ground: 150~300 mm)
b) S: Secondary lining (share the load with primary lining)
¢) SAWM: Spray Applied Waterproofing Membrane

North America
Afri
Others South America 2% nea

Water / 0%
Metro 4% 4% —\

\

(a) Distribution by sector (b) Distribution by location
Fig. 2. Distribution of single-shell tunnel (ITA Working Group No. 12 and ITAtech, 2020)
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No. 12 and ITAtech, 2020).
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Table 2. Typical examples of single-shell tunnel in Norway

Nameoumel | Type | ot | ety | hoe iy | Remars
Lierasen Rail 1973 10.7 70 28~36 (C35~C45) -
Valderoy Road 1987 4.2 65 28 (C35) Subsea
Gudvanga Road 1987 11.4 45 32 (C40) -
Byfjord Road 1992 5.9 65 36 (C45) Subsea

Mastrafjord Road 1992 44 65 36 (C45) Subsea
Freifjord Road 1992 5.1 70 36 (C45) Subsea
Granfoss Road 1992 1.2 65 - Ekeberg
Nordby Road 1993 3.8 65 - PCL
Ekeberg Road 1993 1.5 90 - Ekeberg

Bekkestua Road 1994 0.7 65 - PCL
Blodekjer Road 1994 1.4 - - Ekeberg
Reelingen Road 1998 1.8 65 - PCL

Romeriksporten | Rail 1999 14.5 110 - PCL / Ekeberg
Svartdals Road 2000 1.3 50~80 - Ekeberg
Oslo fjord Road 2000 7.2 78 - Ekeberg

Leerdal Road | 2001 245 48 32 (C40) LO“ingf;O\iirtlznnel
Skui Road 2009 1.4 75 - PCL

Stavengasen Road - 0.9 65 - PCL

Smihagen Road - 1.0 65 - PCL
Kjarbo Road - 0.5 65 - PCL

2.2 3f 23
ol A2 NS o] 8te] SREY, §5H15717), WEA, Sebg T o] 7 Al Hol 9]
Ak, 5 oA AAIE Allstis Bl 7o) A2 2 welo] FAEIE meAEt g gl
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Table 3. Cases of single-shell tunnel project in Korea

. Di i -
Year Project (ml)n(lfi;sxloﬁ) Descriptions Note
. 1 main The Jangseong Tunnel (3.6 km) with good rock | Unconst-
2001 13. . . . .
001} Gwangju city bypass tunnel 3:5 %83 section was designed for single-shell tunnel. ructed
Gveonechun Line 3 main Three tunnels with good rock sections (2.7 km,
2002 yeons 10.9 x 8.5 | 1.2 km, 2.6 km) were promoted design change | Not adopted

double track railway | - tunnels from NATM to single-shell tunnel.

An approach tunnel in the Injae Tunnel (total 1.4
Seoul Yangyang | 1 approach 9.6 x 6.7 km) was finished with additional high strength

expressway tunnel shotcrete (5 cm, 35 MPa) except for the area of en-
trance, main line connection, and turning shelter.

2017 In operation

Gveonebu 2 approach Two approach tunnels with support pattern 1 to 3

- . yeOns . PP 8.0 x 6.6 | were finished with shotcrete (21 MPa) except for | In operation
high-speed railway tunnel oo .

the area of entrances and main line connections.

. A h 1 with 1
Wonju~Gangneung | 1 approach n approach tunnel with support pattern 1 to 5

- . 8.3 x 6.6 | was finished with shotcrete (21 MPa) except for | In operation
railway tunnel L .
the area of entrance and main line connection.

. A h 1 with 1
Seongnam~Yeoju |1 approach n approach tunnel with support pattern 1 to 5

- . 5.1 x5.1 | was finished with shotcrete (21 MPa) except for | In operation
railway tunnel L .
the area of entrance and main line connection.

OO Dam railroad | 1 approach

i 75%70 An approach tunnel with support pattern 1 to 3

In operation

relocation tunnel was finished with shotcrete (30 MPa).
- | Seohae Line railway I approach 6.4 x5.6 An app'r oach tl'mnel with support pattemn 1 to 3 In operation
tunnel was finished with shotcrete.

A h 1 with 1
Dodam-Yeongcheon | 1 approach n approach tunnel with support pattern 1 to 5

- . 6.4 x 5.6 |was finished with high strength shotcrete except | In operation
railway tunnel . .
for the area of entrance and main line connection.
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Table 4. Research on single-shell tunnel in Korea

Year Title First author Publisher Keywords
. . . i f unlined tunnel,
An applying of unlined tunnelling Hak KSRM overviewo u‘n 1ge ©
2001 overseas application status, challenges,
to Korea Whang Conference

domestic application plan

Precast segment tunnel lining

2002 | method illuminated in the domestic Seung—Ryul KGS role of concrete lining, names of single-
. Kim Conference shell/double-shell method
tunnel technology environment
2005 Unlined t@el and precast Jong-Hyun KCI Journal hlgh-performance shotcrete, status.ojf
concrete lining method Ryu unlined tunnel, precast concreted lining

Ministry of single-shell tunnel concept/mechanism/
KICT Construction and | characteristics, shotcrete durability,
Transportation | waterproof/drainage system

Development of the Korean single

2006 shell tunnelling method

Development of high durable rock | Samsung Samsung C&T | rock bolt, high strength and durability,

2 . .
006 bolt C&T Research Institute | single-shell tunnel, tunnel support

Performance improvement and unlined tunnel, permanent tunnel support,

. . S il .
2007 | durability evaluation of shotcrete Tegfl KSRM Journal | high strength shotcrete, shotcrete
for permanent tunnel support durability, accelerator, silica fume
Fl 1 behavior of reinforced . . .
. exura’ benavior o rel.n oree Yeonjun reinforced ribs of shotcrete (RRS), flexural
2010 | ribs of shotcrete for various KSRM Journal
. . Park toughness test, types of rebar arrangement
configurations of reinforcements
A method for high strength and
durability shotcrete using eco- Mvune-Sik alkali-free accelerators, high performance
2020 | friendly alkali-free accelerators y Ch{(%)i KCI Journal | powder admixture, high strength and high
and high performance powder durability shotcrete
admixture
A st'udy on strength characteristics Cheol-Ho KSCE shotcrete strength, sprayable waterproofing
2022 | of high-performance shotcrete
Lee Conference membrane, full-scale test, performance

according thin spray-on liner
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(@) Number of research by year (b) Distribution by item

Fig. 3. Research distribution on single-shell tunnel in Korea
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Table 5. Design general for single-shell tunnel (in case of PCL)

Division Contents

Rock mass classification | Q-system (can be evaluated by RMR-Q correlation)

Rock bolt | High-strength, corrosion-resistant rock bolts (in Norway, CT-Bolt and NC-Bolt)

High-quality steel fiber reinforced shotcrete (with high strength, high toughness, high durability
Shotcrete
Main and low rebound)

support | Steel support | RRS is applied instead of H-beam and lattice girder.

In the case of very poor ground conditions, CCA (Cast Concrete Application) reinforced with

CCA steel bars are applied (currently being replaced by RRS).
Purpose For insulation, drainage, waterproofing, visual stability, aesthetics, lighting, and ventilation
Types Include insulated sapdwich pan(?ls, PE (Polyethy%ene)-foam with shotcrete, and PC panels. In
Inner Norway, the type of inner lining is selected according to AADT (Average Annual Daily Traffic).
lining Dead load: self-weight, attached load (cable, lighting, ventilation facility, etc.)
Design load Live load: falling rock load (300 kg rock falls)

Seismic load: acceleration according to time history (max. 0.154 g)
Others: aerodynamic load, collision load (5 kPa), ice load (0.3 kPa)

The internal displacement monitors the deformation of the ground and the tunnel, the pore water
pressure checks the status of drainage treatment, the vibration measurement measures the vibra-
tions that can cause long-term creep deformation of the bedrock, and the temperature measure-
ment observe whether the surrounding ground is frozen.

Maintenance monitoring

Survey hatches are installed every 150 m to directly observe the original ground. The bolts and
nuts connecting the PC panel and anchor bolts can be measured or additionally tightened using
a moment wrench. Examine whether there is corrosion or deterioration of the waterproof mem-
brane or insulation through visual observation. Examine whether cracks, corrosion, or falling
rocks have occurred through visual observation. To check compressive strength, use a Schumidt
hammer or conduct a core sampling test for carbonation and salt damage investigation.

Inspection and diagnosis

w

2 s £32|E
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Table 6. Example of mixing design for high performance shotcrete

Slump W{C Fine Weight (kgf/m’)
Case (cm) ratio aggregate Water | Cement Coarse | Fine | Steel | Silica Super- Accele- | Concrete
(%) | ratio (%) agg. | agg. | fiber | fume | plasticizer rator | improver
1 [12+3] 43 65 207 461 564 |1,004| 40 19 5.76 AF (8%) -
20~22 | 42 - - 439 1,670 44 30 2.7 AF (7.5%) 5
3 20 |35~40| 55~70 183 456 603 ‘ 1,127| 40 |24 (HPA) 5~8 AF (8%) -

9240 oI AR AL 27 A5 1

%, ol gAlElo] T2 7)i50] FHSHEE 7149 - FAISR 22 el E 502 AT, 17
127 £Te|ESS BEY BH 02 HF vkt £Te|EFS AFPIE skt niEe ePAT A w4

Ak gt mlekg TG kel ke AR S EFIGIHKICT, 2006). T4 el Ek utto)

SRR} ok, Hol et A2 Belstelo} slui, TGo] WAIstolE Q14o] ot 12 A 0 7 G

BARAY] TS T4 glolof Tk T, 7] Lh7AS Shashol sin] o] $4slo} sk eteH(E

©

ke 7294
11:11—1] A o]l,]- 1}7\]7]. 9o

{tolli= swellex ZEE ARSSE | gt T12iut = NATMOﬂ

M EE2EE YAREER QA E= o] w0 Hr VAT B2ES ARBER] ¢4al o217t AR 1990dH] ©]
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(a) Steel rebar (b) GFRP (c) Swellex
Fig. 4. Types of rock bolt used in Korea
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Fig. 7. Example of SAWM (KICT, 2006)
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