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Statistical analysis on end-bearing capacity and resistance
factor for rock-socketed piles

Lu Xianlong' . Qian Zengzhen®, Yang Wenzhi' . Zheng Weifeng'
(1. China Electric Power Research Institute, Beijing 100192, P. R. China;
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Abstract: It is of great importance to investigate the characteristics of end-bearing capacity and to determine
the resistance factor for rock-socketed piles. In this study, based on the results of 165 compression load
tests several key issues with regard to the end-bearing capacity behavior of rock-socket piles were
examined. These load tests were conducted on different rocks with different rock-socketed pile conditions
throughout the world. The influential factors include the type and the uniaxial natural compressive strength
of rocks, the diameter and the embedment depth of socketed piles, and the ultimate end-bearing
resistances. In this study, the ratio of ultimate end-bearing capacity to the unconfined compressive strength
of the rock was defined as the end-bearing resistance factor of rock-socketed pile. Effects of the key factors
on the ultimate end-bearing capacity and the end-bearing resistance factor were comprehensively
investigated. An empirical equation between the unconfined compressive strength.
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Table 1 Authors and years for the references in this study
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A=) V& RARAR h=s 1E#H BAEAR =2 1E# BAEAR
1 Reese and Hudson (1968) 13 Baker (1985) 25 Abu-Hejleh et al. (2003)
2 Vijayvergiya et al. (1969) 14 Seik et al. (1985) 26 Bullock (2003)
3 Engeling and Reese (1974) 15 Hummert and Cooling (1988) 27 Mec Vay et al. (2003)
4 Aurora and Reese (1976) 16 Orpwood et al. (1989) 28 Mello et al. (2003)
> Webb (1976) 17 Radhakrishnan and Leung (1989) 29 Miller (2003)
6 Wilson (1976) 18 Leung and Ko (1993) 30 Nam (2004)
7 Goeke and Hustad (1979) 19 Thompson (1994) 31 Abu-Hejleh and Attwooll (2005)
8 Thorne (1980) 20 Carrubba (1997) 32 Basarkar and Dewaikar (2006)
9 Williams (1980) 21 O'Neill (1998) 33 GEO (2006)
10 Jubenville and Hepworth (1981) 22 Tchepak (1998) 34 Kulkarni and Dewaikar (2017)
11 Glos et al. (1983) 23 Osterberg (2001)
12 Horvath et al. (1983) 24 Gunnink and Kiehne (2002)
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Table 2 Database for the load test results of end-bearing capacities of piles socketed into rock

FE A Epd] FE A A

aE *om d/mm h./m o./MPa ¢q,/MPa & . - d/m h./m o./MPa gq,/MPa &
1/1 it 610 1. 80 0.50 1.642 3.285 | 22/2 TUA 600 1.40 2.40 2,500 1.042
2/1 TUA 760 2. 40 0. 60 3. 637 6.062 | 23/1  AKA — — 120.00 12.162 0.101
3/1 ek c) 760 4,00 0. 40 3.329 8.322 | 23/2  AARKAE — — 120.00 35.421 0.295
4/1 EATE= 890 1.83 0.62 2.643 4,263 | 23/3 TUA — — 2.90 15.417  5.316
4/2 eI 740 1. 14 1.42 5. 680 4.000 | 23/4 TUA 22.10 23.940 1.083
4/3 e 790 1.19 1.42 5.125 3.609 | 23/5 KA — —  84.10 69.426 0.826
4/4 e 750 1.61 1.42 6.111 4.304 | 23/6  AEA 38.00  7.795  0.205
5/1 WL 615 10.0 0.52 2. 650 5.096 | 23/7 TUA — — 0.80  9.720 12.150
6/1 V= 670 3.00 4. 20 6. 880 1.638 || 23/8 iy 2. 30 6.895 2.998
7/1 Jigss 762 3.30 0.81 4.690 5.790 | 24/1  fARA 460 1.10  60.70 21.400 0.353
8/1 JUH 2 000 5.00 8. 00 3. 650 0.456 | 24/2  HIKA 460 1.10 60. 70 9.100  0.150
8/2 W 2 000 5. 00 12.50  14.000 1.120 | 24/3  fAAKRA 460 1.20  60.70 22.900 0.377
8/3 WA 2 000 5. 00 18. 20 7.500 0.412 | 25/1 (¥ 1067 1.96  11.300  5.765
9/1 b 600 — 0.50 4.510 9.020 | 25/2 W 1372 — 10.50  15.200  1.448
9/2 A 1000 0. 60 5.530 9.217 | 25/3 (¥ 1070 4. 90 0.40  2.633  6.584
9/3 e s 100 0. 60 8.910 14.850 | 25/4  #itH 1220 4.30 0.50  2.542  5.085
9/4 A 300 — 0.70 6.390 9.129 | 25/5  #FitH 1070 6. 30 2.60 11.300 4.346
9/5 WA 100 0.60 14.010  23.350 | 25/6  Fht & 1370 9. 20 11.40 15.226  1.336
9/6 A 1000 — 2.50 5. 880 2.352 | 26/1  FRA 1585 — 1.50  6.280  4.187
9/7 e 1 000 2. 30 6. 620 2.878 | 26/2  AKE 1940 3. 80 6.220  1.637
9/8 e 1 000 — 2.30 7.000 3.043 || 26/3 Fay/ &l 1 880 — 0.92 3.570  3.880
9/9 s 1 000 2. 30 6. 660 2.896 | 27/1  AKE 1500 7.30 2.80 8.810  3.146
10/1 g 305 1.50 1.08 3. 660 3.383 | 27/2  HRA 1800 8.50 2.80  6.703  2.394
11/1 (S 610 15.6 8.36  10.600 1.268 || 27/3  fAKRA 2 100 10.7 2.80 5.746  2.052
11/2 [F= 610 16.9 9.26  13.100 1.415 | 27/4  AKA 2 100 15.9 2.80  6.224  2.223
12/1 pig= 710 1.40 11.10 2.652 0.239 | 27/5  HKA 1 800 6.10 2.80 3.830 1.368
12/2 g 710 1.40 5.50 7.577 1.378 | 27/6  AKA 1500 7.60 2.80  4.213  1.505
13/1  WhERA 1281 — 1.38 5. 840 4.232 || 28/1 ek 800 2. 00 7.50  5.000 0.667
13/2  WikRA 1920 — 0.57 2.290 4,018 | 28/2 bi%a 800 3.00 7.50 5.000 0.667
13/3 Wk 762 — 1.11 4,790 4.315 | 29/3 T 1189 — 1.21 5.830  4.818
14/1  PRTLH 2.31 0 0. 80 1.085 1.356 || 30/1  JRTLF 762 — 1.50  3.600  2.400
15/1 = 457 2.70 3.82  10.800 2.827 | 30/2 fRA 762 — 10.90  10.500  0.963
16/1  WhERE 762 3. 60 0.70 4. 000 5.714 | 31/1  #FitH 787 — 1.21 9.480  7.835
16/2  WikRA 762 3.60 0.81 4,150 5.123 | 31/2 #htA 762 — 0.48 2.250  4.688
16/2  WhERE 762 3. 60 1. 00 5. 500 5.500 | 31/3  #FitH 762 — 1.10  5.030 4.573
17/1 e 705 1.50 9.00 13.100 1.456 | 32/1 2 1 000 — 14.14  11.300  0.799
17/2 TUA — — 34 28 0.824 | 32/2 KA 1 000 — 19.43  13.200  0.679
17/3 (2= — — 12.50  14.000 1.120 | 32/3  ZRA 1000 — 11.77 10.300 0.875
17/4 (= — — 27.50  50.000 1.818 | 32/4  KRAH 1 000 — 12.46  10.600  0.851
18/1  AEHA 1060 4. 20 2. 10 6.510 3.100 | 32/5 KR 1000 — 7.07  8.000 1.132
18/2  AHS 1060 4. 20 4.20  10.900 2.595 | 32/6  BEKA 1200 — 11.49 10.200  0.888
18/3  AHSE 1060 4. 20 5.40  15.700 2.907 | 32/7  BEKA 1 200 — 28.50 16.000  0.561
18/4 AHS 1 060 4. 20 6.70  16.100 2.403 | 32/8  fAlkA 1200 — 6.40  7.600 1.188
18/5  AHSE 1060 4. 20 8.50  23.000 2.706 | 32/9 KA 1200 — 39.40 18.800 0.477
18/6  AHA 1 060 4. 20 11.30  27.700 2.451 32/10  ZK#R % 1200 — 28.04 15.900 0.567
19/1 TUA 1803 — 2.21  10. 800 1.887 |32/11 KR # 900 — 35.70 17.900 0.501
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Byt A FE A wAa

. . d/mm h./m  o./MPa q,/MPa & s o d/m h./m  o./MPa gq,/MPa &
20/1 KA 1200 7.50 0. 90 5. 300 5.889 [32/12  ZilH 900 — 21.83 14.000  0.641
20/2 KA 1200 2.50 15. 00 8. 900 0.593 |32/13  faBkA 1200 — 5. 36 7.000 1.306
20/3  fBRE 1200 2.50 2.50 8. 900 3.560 |32/14  fAfRA 1100 — 40.80 19.100  0.468
21/1 (¥ 1220 3.66 4. 30 3.700 0.860 |32/15 Xt 1050 —  15.30 11.700  0.765
22/1 TUA 750 1. 00 4. 60 2. 500 0.543 |32/16 &7 600 — 11.80 10.300  0.873
32/17 KA 600 — 14.24  11.300 0.794 |34/31 L 600 3.00  43.70  3.840  0.088
33/1 AERINK S 1320 — 35.00  16.000 0.457 |34/32  HK#R % 600 3. 00 9.20  2.620 0.285
34/1 ZiHE 150 1.00 44.20  14.320 0.324 34/33 Zil#H 600 3. 00 8.70  2.370  0.272
34/2 KR 400 1.20 9.20 1. 950 0.212 |34/34 KR # 600 3. 00 9.20  2.620 0.285
34/3 KRAH 1200 7.50 54, 70 9.810 0.179 |34/35 X 600 3. 00 9.20  2.620 0.285
34/4 KR 1 000 2.50 12.70 8.790 0.692 |34/36 KR 600 3. 00 9.20  2.230 0.242
34/5 KRAH 400 2. 00 9.20 2.290 0.249 |34/37 i 600 3. 00 9.20  2.620 0.285
34/6 KR 400 1.50 9.20 2.190 0.238 |34/38  XKER A 600 2.50  64.70  7.500 0.116
34/7 KR 400 3. 80 9.20 2.290 0.249 |34/39 KR #H 600 1.00  64.60  5.030 0.078
34/8 KR 400 2. 00 57.10 4. 390 0.077 |34/40  HKE % 600 1.00 12.30  3.320 0.270
34/9  KRA 400 1. 60 57.10 5.410 0.095 |34/41 KR # 650 4.00 22,10  3.770 0.171
34/10 TR 400 2.00 9.20 2. 620 0.285 |34/42 KR #H 750 2.00  57.10 10.240 0.179
34/11 KR 400 2.00 9.20 2. 660 0.289 |34/43 KR 750 2.00 28.35  8.260 0.291
34/12 KA 500 2. 00 14. 60 3. 360 0.230 |34/44 LK # 800 6. 00 12.70  8.660  0.682
34/13 KR #H 500 0.50 28. 40 6. 780 0.239 |34/45 KR #H 900 3. 00 14.60  6.580  0.451
34/14 T 500 1.50 35. 62 8.610 0.242 |34/46 LK 900 3.50 14.60  6.580  0.451
34/15 TR #H 500 3.20 9.20 2.290 0.249 |34/47 KR #H 900 1.80  60.72 10.880 0.179
34/16  Za# 500 5.30 9.20 2. 290 0.249 |34/48 LKA 900 3.50 14.90  4.370  0.293
34/17 KR 500 5.30 9.20 2.190 0.238 |34/49 KR 900 2.30 42,70  7.220 0.169
34/18 i 500 2. 00 11.00 4.500 0.409 | 34/50 ZiA 1 000 2.30  35.70  4.450 0.125
34/19  THR#H 500 2. 00 16. 47 4.080 0.248 |34/51 L& # 1000 8. 90 9.20  2.440  0.265
34/20 il 500 1.40 64.70  12.540 0.194 [34/52  Zil#H 1100 5.80  40.80  7.680 0.188
34/21 TR #H 500 2. 00 3.70 3.170 0.857 |34/53  K#R % 1200 4.00  64.70  8.480 0.131
34/22 T 500 3.90 3.70 3.170 0.857 [34/54  ZiAH 1 200 3. 60 24.70 4.990  0.202
34/23  KH 500 3.00 3.70 3.170 0.857 |34/55 K # 1200 3.00  39.40  5.330 0.135
34/24 ik 500 2.50 3.68 3.160 0.859 [34/56  ZulA 1 200 0. 60 35.70 8.480  0.238
34/25  ERA 570 5. 40 1.81 1. 820 1.006 |34/57 ZRA 1200 1.50  40.80  7.440 0.182
34/26  Kal# 600 3. 00 9. 20 2.190 0.238 |34/58  Hal# 1200 6. 00 13.80  6.300  0.457
34/27  ERA 600 3.00 9.20 2.190 0.238 |34/59 KA 400 1.50 11.90 .340  0.365
34/28 T 600 1. 00 35. 62 3. 670 0.103 | 34/60 ZTiA 750 1.20  35.71 4.660  0.130
34/29  KiH 600 3.00 43.70 3. 090 0.071 |34/61 L% 2 000 7.70  65.60 20.660 0.315
34/30 TRA 600 3.20 9. 20 2. 620 0.285
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Fig. 1 Variation of ultimate end-bearing capacity with

diameter of the pile socketed into rock
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Fig. 3 Variation of ultimate end-bearing capacity with

depth of the pile socketed into rock
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Fig. 6 Ultimate end-bearing capacity versus unconfined

compressive strength of rock
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