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A numerical study on pull-out behaviour of caverm-type rock anchorages
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ABSTRACT: This paper is a study for behaviour of cavern type anchorage tunnels for suspension bridges with cable tension.
Anchorage behaviour, design method for anchorage, and failure surface angle, § are analyzed by comparing numerical
analysis results and ultimate pullout capacities(P,) using bilinear corelation equation. Results show that design depths for
cavern type anchorage tunnels are easily checked with linear relationships for P/y/H vs. displacement and Pu/y/H vs. H/b.
The analysis results of maximum shear strain distribution and plastic status show that failure shapes are closer to circular
arc model than soil cone model which frequently used. To an easy calculation of the ultimate pullout capacity, we propose
a simple bilinear failure model in this study.

The calculated ultimate pullout capacities from the proposed bilinear corelation equation using two failure angles results
are similar to the ultimate pullout capacities from numerical analysis.
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Table 1. Suspension bridge and anchorage type

M Cable Type of Anchorage
Bridge . Year "™ | tension | Soil/Rock
Location span o
Name opened force condition A side B side
(m)
(tonf)
Akashi- Alluvium, . -
Kaikyo Japan 1998 | 1,991 | 57,700 Granite Gravity(@85m, BXLxH=63x52%64.5m)
V;Zﬁiv“: USA | 1964 | 1,298 | 29,400 - Gravity(BXLxH=70x105x23m) | Gravity(BxLxH=70x105x16m)
Gre;;feh Denmark | 1998 | 1,624 | 27,400 ; Gravity(L=121m)
. . Class No. II| Cavern(BxHxL=7.72x7.8x35m, .
Yi Sun-sin | Jeonnam | 2013 | 1,545 | 20,400 rock L/B=4.5) Gravity(068m)
Kurushima . _ _
Kaikyo No.3 Japan 1998 | 1,030 | 19,300 | Clayey silt Tunnel(BxHXL=8.5%10.5x68m, L/B=8.0)
Shimotsui- Diorite, Tunnel(BXxHXL=6.7%12.0x77m, | Tunnel(BXxHXL=6.7x12.0x75m,
Seto Japan | 1988 | 940 1 16000\ o e L/B=11.4) L/B=11.)
Under Hard/Soft Gravity Tunnel
Ulsan Ulsan | oo, | 12130 | 14,000 rock (BXHXL=40x64x18m) (BXHXL=9x10.5%65m, L/B=7.2)
Golden Gate USA 1937 | 1,280 | 13,460 - Gravity
E-Gong-Yan| China | 1999 | 600 | 13,000 | Sandstone, Tunnel(BxH: 9.5x10.5~12.5x13.5, L=42m, L/B=3.8)
Mudrock
Under Soft, Bed . . _
Jeokgeum | Jeonnam Const. 800 12,426 rock Gravity(D40m) Gravity(BxLxH=32%37.5%x26m)
Weathered, Gravity Gravity
Gwangan | Busan | 2002 | 500 | 12874 | g6 4| (BXLxH=353.643.6x27m) (BXLxH=353.6x43.6x35m)
Forth Road | UK 1964 | 1,006 | 12,055 | Alluvium, Tunnel(DXL=12.7x77m, L/D=6.1)
Sandstone
George USA 1931 | 1,067 | 10,160 . Tunnel(BxHxL=11x16x36.5m, L/B=3.3)
Washington
Fledspar,
Fengdu China - 940 6,845 Quartz, Tunnel(BXxHXL=7x8x10m. L/B=1.4)
Sandstone
Toyoshima | Japan | 2009 | 537 | 4,060 Clay, Cayern Gravi
Y P g Alluvium | (BXHXL=5.5%5.5x20m, L/B=3.6) ty
Namhae |Gyeongnam| 1973 440 2,325 - Gravity(BXLxH=35.8x20%23m)
Xihoumen China 2008 | 1,650 - - Gravity
Runyang . .
South China 2005 | 1,490 - - Gravity
Humber UK 1981 | 1,410 - - Gravity(BXxLxH=39%65.5x21m) | Gravity(BxLxH=40x72x35m)
Jiangyin . . _
Yangtze China 1999 | 1,385 - - Gravity(DxL=69.51%58m)
Tsing Ma HK 1997 | 1,377 - - Gravity
Yangluo
Yangtze China 2007 | 1,280 - - Gravity
River

(B: width, L: length, H: heighrt, D: diameter)
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