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ENGINEERING PRACTICE OF ANCHOR CABLES SUPPORTING TO
LARGE-SCALE UNDERGROUND CAVERNS

HOU Donggqi, FENG Mei, LIAO Chenggang, XING Xianglin, ZANG Haiyan
(HydrChina Chengdu Engineering Corporation, Chengdu, Sichuan 610072, China)

Abstract: Anchor cables supporting is one of the most leading measures for underground caverns, and it is fundamental
to ensure the stability of surrounding rock mass. According to the practice of rock anchor cable to support side
walls of underground powerhouse at Jinping I hydropower station, the design of anchor cables supporting and the
statistical results on overloading of anchor cables are introduced, and the factors to cause this phenomenon as well
as the measures to reduce the load are studied. The formulas to verify design proposal are also given, and the
formula to compute stress of unbounded prestressed anchor cables of pressure dispersion style with more anchor
heads is derived. These formulas and measures are used to verify design proposal, and evaluate safety of
overloading cables.
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Fig.1 Typical section of anchor cables supporting of underground powerhouse at Jinping I hydropower station
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Fig.2 Statistical map of overloading cables at side walls of underground powerhouse
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Table 1 Safety analysis of overloading anchor cables at upriver side-wall of underground powerhouse

HRgYS  Amm®  TokN  go/MPa AT/KN AL 3 A1 (R AR 4150 K HEAR [ i /mm Al/mm on/MPa K
PR zcr2 1680 15526  924.17 294.6 24242+2+2+2(6) 1000 15.59 202.63 1.651
PR zcp2s 1820 17960  986.81 209.8 24242+2+2+3(6) 1000 13.11 127.77 1.669
PR zcr20 1680 15999 95232 295.0 2424+2424242(6) 1000 15.60 202.89 1.610
PR zcp31 1820 17302  950.66 4539 242+2+24243(6) 1000 28.36 276.42 1516
PR zcrs 1820 17383  955.11 634.5 242+2+24243(6) 1000 39.64 386.42 1.386
PR 7cr33 1680 16423  977.56 7263 2+2+2+2+2+2(6) 1000 38.42 499.54 1.259
PR zcro 1820 17667 97071 325.6 24242+2+2+3(6) 1000 20.34 198.29 1.591
PR zcr12 1680 15300  910.71 698.6 24242+2+2+2(6) 1000 36.96 480.49 1.337
PR zcr14 1680 15072  897.14 535.8 2424+2424242(6) 1000 28.34 368.52 1.470
PRrcry 1820 17428  957.58 344.1 242+2+24243(6) 1000 21.50 209.56 1.594

PRycr-714 1820 15810  868.68 4276 242+2+24243(6) 1000 26.71 260.41 1.647
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Table 2 Safety analysis of over-loading anchor cables at downriver side-wall of underground powerhouse

R Amm®  To/kN  go/MPa  AT/KN NG o A (R MR 4150 AR 18] 2 /mm Al/mm on/MPa K
PRycr1s 1820 17459 95929  402.5 24242424242+1(7) 600 32.09 24762 1541
PRycrss 1820 17617 96797 6368 57 - 55.44 34989 1411
PRycrss 1820 17487  960.82  794.0 24242424242+1(7) 600 6330 46755 1302
PRycrys 1820 17655 97005 4834 5 - 40.05 26560 1.505
PRycrss 1820 17987 98830  578.8 5 - 47.94 31803 1.424
PRcr17 1820 17599 96698  942.4 5 - 114.98 51779 1.253
PRycrzis 1820 14756 81077 7034 24242424242+1(7) 600 46.15 42049 1511
PRycro 1820 17423 95731  376.0 24242424242+1(7) 600 29.97 0141 1578
PRycra0 1820 19229 105654  303.6 e - 26.44 16682 1.520
PR zcran 1820 17644 96945  537.9 5 - 46.84 20555 1470
PR zcr20 1820 14804 81341 12332 24242424242+1(7) 600 98.32 72617 1208
PRycran 1820 16903 92874 5201 5 - 63.45 28577 1531
PRycrn 1820 17958  986.70 8284 5 - 72.13 45516 1290
PR zcr2s 1820 17773 97654  955.5 57 - 83.20 52499 1239
PRycras 1820 17347 95313 10717 5 - 88.78 588.85  1.206
PR ycrss 1820 17775 97665  956.6 57 - 79.25 52561 1238
PRocr 7y 1820 15442 84846 7428 24242424242+1(7) 600 4873 44405 1439
PRycrus 1820 15023 82544 5553 57 - 67.74 305.11  1.645
PR ycrss 1820 1789.6 98330 7464 5 - 64.99 41011 1.335
PRycrsr 1820 17848  980.66  815.3 57 - 70.99 4796 1302
PRock xzsi 1400 10516 75114 4667 24242+242(5) 600 32.07 35536 1.681
PRrcrs xz7 1820 15530 85330  623.9 24242424242+1(7) 600 40.93 37297 1517
PRrcrs 1820 17171 94346 8703 24242424242+1(7) 600 57.10 52027 1271
PRycrs 1820 17569 96533  689.3 24242424242+1(7) 600 4522 41206 1350
PRrcre 1820 17919 98456  663.1 24242424242+1(7) 600 4350 39640 1347
PRocr zss 2380 16148 67849 13852 24242424242+242+1(8) 600 67.59 65246 1398
PRocr 7z 2380 20107 84483  1399.8 24242424242+242+1(8) 600 53.14 681.67 1218
£3 R ZEREKIHE
Table 3 Calculating table for designing safety factor(K;) of anchor cables
BXBIW gy iBYmn g‘g%gg) RIB it P & i
1500 10 1 400 2+2+(§)+2+2 600 1733.60 1156 F¥f, L=20m
1750 12 1 680 2+2+2(g)2+2+2 1000 1919.20 1097 L, L=20m
2000 13 1820 2+2+2(g)2+2+3 1000 216747 1084 i, L=25m
2000 13 1820 2+2+2+(§)+2+2“ 600 2241.66 1121 R, L=30m
2 000 13 1820 X5 - 2.402.40 1201 T
2500 17 2380 2+2+2+2JE§)+2+2+2” 600 2 802.44 1121 Fif, L=25m
2500 17 2380 A2 600 2710.57 1084 Fif, L=20m
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