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Step-4, A=1.90 m

Step-3, A=1.45 m
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DIFFERENT TYPES OF FIBER

Steel Fiber Natural Fiber
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Oil separators
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# THE JAPANESE SOCIETY OF CIVIL ENGINEERS (JSCE) HAS CLASSIFIED STEEL FIBERS BASED ON

SHAPE OF THEIR CROSS-SECTION.

TYPE I - SOQUARE SECTION

TYPE II — CIRCULAR SECTION

TYPE III —- CRESCENT SECTION
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Steel fiber content, | Reinforcing

Tunnel name Year Country Function D,ft(m) | hin.(m)| Djh Ib/yd’® (kg/m?) bars used
Metrosud 1982 Italy Subway 19(5.8) | 12(0.30) | 19.3 NA* No
Fanaco 1989 [taly Water supply 10(3.0) 8(0.20) | 15.0 NA* No
Heathrow Baggage Handling 1993 England Service 15(4.5) 6(0.15) | 30.0 50 (30) No
Heathrow Express 1994 England Railway 187(5.7) | 9(0.22) | 259 50(30) No
Napoli metro 1995 [taly Subway 19(5.8) | 12(0.30) | 193 67 (40) No
Lesotho Highlands 1995 | South Africa | Water supply 15(4.5) 12(0.30) | 15.0 84 (50) No
Hachinger 1998 Germany Water supply 1.2(2.2) T(0.18) | 122 NA® No
Second Heinenoord 1999 | Netherlands Road 25(7.6) | 14(035) | 217 NA* No
Jubilee Line 1999 England Subway 15(4.5) §(0.20) | 223 50 (30) No
Trasvases Manabi (La Esperanza) | 2001 Ecuador Water supply | 11.5(3.5) | 8(0.20) | 17.5 50 (30) No
Essen 2001 Germany Subway 24(7.3) 14(0.35) | 20.9 NA* No
Sorenberg 2002 | Switzerland | Gaspipeline | 12.5(3.8) | 10(0.25) | 15.2 67 (40) No
Canal de Navarra 2003 Spain Water supply | 17.7(5.4) | 10(0.25) | 21.6 NA* No
Oénzberg-TBM 2003 | Switzerland Railway 374(11.4) | 16(0.40) | 28.5 50(30) Yes

Oénzberg-Shield

2003

Switzerland

Railway

374(11.4)

16 (0.40)

28.5

100 (60)

No
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Barcelona Metro Line 9 — Can Zam

Stretch 2003 Spain Subway 35.8(10.9) | 14(035) | 311 100 (60) Yes
Hofoldinger Stollen 2004 | Germany Water supply | 9.5(2.9) | 7(0.18) | 16.1 67 (40) No
Heathrow Express Extension (HexEx) | 2005 England Railway 1I87(5.7) | 9(0.22) | 25.9 50(30) No
San Vicente 2006 U.S. Water supply | 105(3.2) | 7(0.18) | 17.8 50 (30) No
Heathrow— SWOT 2006 England Water supply 9.5(2.9) 8(0.20) | 145 50(30) No
Barcelona Metro Line 9 — Stretch I | 2006 Spain Subway 276 (84) | 13(032) | 263 | 50(30)and 42 (25) Yes
Lotschberg 2007 | Switzerland Pilot 14.8(4.5) | 9(0.22) | 205 NA* No
Valencia Metro Line | 2007 | Venezuela Subway 27.6(84) | 16(040) | 21.0 67 (40) Yes
Channel Tunnel Rail Link Tunnel | 2007 England Railway 23.5(7.15) | 14(0.35) | 204 50 (30) No
Gold Coast Desalination Plant 2008 Australia Water supply 11.2(34) | §(0.20) | 17.0 60 (35) No
Big Walnut Sewer 2008 U.S. Waste water | 12(3.7) | 9(0.23) | 16.1 60 (35) Yes
Heathrow — PiccEx 2008 England Subway 14.8(45) | 6(0.15) | 30.0 50(30) No
Hobson Bay 2009 | New Zeeland |  Wastewater 12(3.7) 10(0.25) | 148 67 (40) No

Sao Paulo Metro Line 4 2009 Brazil Subway 27.6(34) | 14(0.35) 60 (35)
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Copenhagen District Heating Tunnel | 2009 Denmark Water supply 13.8 (4.2) 12 (0.30) 14.0 60 (35) No
Docklands Light Railway (DLR) 1 500 | 51 Railway 17.4(53) | 10(0.25) | 21.2 NA' No
Extension
Fontsanta—Trinitat Interconnection 2010 Spain Water supply 17(5.2) 8(0.20) 26.0 42 (25) Yes
Clem Jones — Clem 7 2010 Australia Road 36.7(11.2) 16 (0.40) 28.0 62 (37) Yes
Ems-Dollard Crossing 2010 N{ifl::.nr?;:ds Gas pipeline | 9.8(3.0) | 10(0.25) | 12.0 NA’ No
City West Cable Tunnel (CWCT) 2010 Australia Power cable 8.2(2.5) 8(0.20) 12.5 NA’ No
Adelaide Desalination Plant 2010 Australia Water supply 9.2 (2.8) 3(0.200 14.0 60 (35) MNo
FGC Terrassa 2010 Spain Railway 19.7 (6.0) 12 (0.30) | 20.0 42 (25) Yes
Brightwater East 2011 LS. Wastewater 16.7 (5.1) 10 (0.26) 19.6 60 (35) No
Brightwater Central 2011 LS. Wastewater 15.4(4.7) 13(0.33) 14.2 67 (40) No
Brightwater West 2011 U.S. Wastewater 12.1(3.7) 10 (0.26) 14.2 60 (35) No
East side CSO 2011 U.S. Wastewater 22 (6.7) 14 (0.36) 18.6 NA* No
Victorian Desalination Plant 2011 Australia Water supply 13.1 (4.0) 9(0.23) 17.4 NA* No
Monte Lirio 2012 Panama Water suppl 10.5(3.2) 10 (0.25 12.8 67 (40) No

Pando

Panama

Water supply

9.8 (3.0)

1O (0.25)

67 (40)

El Alto

Panama

Water supply

19 (5.8)

14 (0.35)

67 (40)

Wehrhahn

Germany

Subway

27.2(8.3)

12 (0.30)

67 (40)

S5TEP Abu Dhabi Lot T-02

UAE

Wastewater

20.7 (6.3)

11 (0.28)

67 (40)

Grosvenor Coal Mine

Australia

Mining

23 (7.0)

14 (0.35)

60 (36)

San Francisco Central Subway

U.s.

Subway

17.8 (5.4)

11 (0.28)

45(27)

Blue Plains Tunnel

s,

Wastewater

23 (7.0)

14 (0.35)

60 (36)

L.ee Tunnel Sewer

England

Wastewater

23.6 (7.2)

14 (0.35)

NA~

Brenner Base Tunnel

Austria

Railwaw

18.4 (5.6)

8 (0.20)

NA"
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CTRL U.K. Railway 2004 2 40.2 London Clay
(Connection to
St. Pancras Station)
Oenzberg Tunnel Switzerland Railway 2003 3.16 102.7 40 Molasse
Hofoldinger Stollen tunnel Germany Hydraulic 2004 12.5 8.6 18 Hard
Conglomerates
STEP U.AE (Abu Hydraulic 2012 15.6 31.2 28 Claystones &
(Strategic Tunnel Dhabi) Mudstones
enhancement Programme) Siltstones
Gypsum
Barcelona Metro Spain Railway 2003 3.9 93.3 35 Granodiorites
(Line 9) - Can Zam stretch

"NA: Not available.

TUC: Under construction.
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Sao Paulo Metro (Line 4) Brazil Railway Weathered
Gneiss
Clem | ones Tunnel Australia Motorway 2010 4.8 102 40 Volcanic Ash
Metamorphic
rocks
Gold Coast Australia Hydraulic 2008 (planned) 4.2 91 30 Sandstones &
Desalination Tunnels Mudstones

\
2013 | - | -
7
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