%40 54 1 T REHR L 3R FE LA Vol. 40 No. 1
2018 & 2 A Journal of Civil, Architectural & Environmental Engineering Feb. 2018

doi:10. 11835/j. issn. 1674-4764. 2018. 01. 010

R JZ: Hl R v fu s o0 4 2 T~ A BE
A 2R PE BRI B 0F 58

FHAF P
(l.PdRkF L RTAEFR, KV 410012;2. PHA T ER E XX T EAH RN, F K 400016)

B OE AWML AIA AR B AR KIS EE, FE - ENHER py W
. LR TAHLEREBRAEMER., ELEHLTEA LA FTHITT 2 BRI, 4 2
MK e R G AR AE A 6 AR AR S R T 0 KAk, RIBREWREFH SO HF B AR T TR
THERERAREAAEFEEEFLEL S, BRBEA py LT HOER BB AR B YL
FMED S RIFRIET R &R py WK, RIPEBHEAE X EFESERDETRX
TAKBK MY ZRTEHFRD EMNERELEAFRKR, REMAF, TEHLEHBEMT
AT IKAE X Ay e o R A A A A R R, E R A BT T R A LKA A 4 A
RAALE L EA L4 R .,

SRR AUE H R s R RBE A A 5 s R PR A R B A A8 b R A B R R AR A A AEAA
FESES:TUL70 MHRARERRS A XEHS:1674-4764(2018)01-0068-10

Nonlinear behavior of pilesunder inclined and eccentric

loads indouble layered soils by model test
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Abstract: A new hyperbolic p-y curve was derived to generally simulate then onlinearity of piles in layered
soils, and the new p-y curve was presented containing parameters such as the initial ratio of elastic
foundation coefficient, the initial elastic foundation coefficient, characteristic value of lateral
displacementfor soils, and etc.. Model test of six timber piles and two steel piles in two groups settled in
layer soils with upper clay and lower sand were done. The calculated lateral displacements of model piles
both at the top and at the ground are consistent with the test values by p-y curve method, and the new
hyperbolic p-y curve is verified. While the characteristic value of lateral displacement for layered soils
increases, the displacement and the maximum bending moment of the pile decrease, the maximum shear
and the maximum soil pressure around the pile increase. The variety of characteristic value of lateral
displacement for the lower sand has extremely small effect on mechanical property of the pile, then the

characteristic value of lateral displacement for lower soils can be defined as the same as that of the top soil
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during engineering application.

Keywords: double layered soils; tiber model piles;the initial ratio of elastic foundation coefficient;the initial

elastic foundation coefficient;characteristic value of lateral displacement
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Table 1 mechanical and physical parameters of model piles

1/ h/ Lo/ I/ fwiff1/ E/

d
HE S b
W5 B PR em (10-8m') ) GPa

mm cm cm

03% FZA 30.73 102.2 66.2 36.0 4.377  0.001 2 8. 765
04% fZAK 32.43 118.4 66.4 52 5.429 0.004 65  7.831
02% 05% fZAK 31.57 135.0 69.0 66 4. 876 0.012 93  8.361
06% HkF 25.00 97.5 53.8 43.7 1.917 190

07% Ik 25.00 97.5 30.0 67.5 1.917 190

08% A 31.12 120.0 73.0 47.0 4.604  0.05625 11.313
09% FZA 32.40 120.0 74.0 46.0 5.409 0.044 16 7.657
03% 10% 2K 31.54 120.0 71.3 48.7 4.858  0.050 00  8.296
11% ##f 25.00 97.5 52.1 45,4 1.917 190

12% #i#f 25.00 97.5 30.0 67.5 1.917 190
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scene photos of model test
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Table 2 Calculated and tested lateral displacement of the top of model piles and at the ground

PSS mEIEE Fu/N Fv/N M/(N + cm) vor/mm voc/mm Avg/mm vpr/mm vpc/mm Avp/mm
1 7.35 0 0 0.122 0.096 —0.026 1. 000 0. 815 —0.185
2 12. 25 0 0 0.194 0.164 —0.03 1. 355 1.373 0.018
3 17.15 0 0 0. 258 0.236 —0.022 1.764 1.942 0.178
4 22.05 0 0 0.332 0.312 —0.02 2.269 2.524 0. 255
5 26.95 0 0 0.411 0.392 —0.019 2. 880 3.119 0.239
6 26.95 94. 662 0 0.430 0. 404 —0.026 3. 151 3.218 0.067
7 26.95 194. 622 0 0.471 0.417 —0.054 3.526 3.329 —0.197
8 26.95 390. 622 0 0.491 0. 445 —0. 046 3.731 3.569 —0.162
. 9 26.95 586. 622 0 0.529 0.478 —0.051 4.035 3. 844 —0.191
0 10 26.95 782.622 0 0. 607 0.517 —0.09 4. 214 4,161 —0.053
11 26.95 757.632 —749.7 0. 845 0.901 0.056 6.261 7.694 1.433
12 26.95 732.642 —1499.4 1. 279 1. 346 0.067 10. 020 11.401 1. 381
13 26.95 757.632 —2249.1 1.981 1.911 —0.07 14. 398 15. 649 1.251
14 29.4 757.632 —2249.1 2.363 2. 005 —0. 358 16. 246 16.177 —0.069
15 39.2 757.632 —2249.1 2.605 2.407 —0.198 17.270 18.373 1.103
16 44,1 757.632 —2249.1 2.820 2.625 —0.195 18. 545 19.523 0.978
17 49 757.632 —2249.1 2.994 2. 854 —0.14 19. 813 20.708 0. 895
18 53.9 757.632 —2249.1 3.628 3.096 —0.532 22.633 21.931 —0.702
1 9.8 0 0 0.194 0.167 —0.027 2.582 2.301 —0. 281
2 14.7 0 0 0. 285 0. 265 —0.02 3.579 3.508 —0.071
04% 3 19. 6 0 0 0. 384 0.371 —0.013 4. 645 4.755 0.11
4 24.5 0 0 0.497 0. 489 —0.008 5.607 6.042 0.435
5 29.4 0 0 0.610 0.617 0.007 7.032 7.371 0.339
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24 2
S R Fu/N Fv/N M/(N « cm) voT/mm voc/mm Avy/mm vpr/mm vpc/mm Avp/mm
6 29.4 94. 662 0 0. 640 0.658 0.018 7.681 7.843 0.162
7 29.4 194. 622 0 0.723 0.708 —0.015 8.535 8.398 —0.137
8 29.4 390. 622 0 0. 882 0.827 —0.055 9.798 9.697 —0.101
. 9 29.4 586. 622 0 1. 333 0. 988 —0. 345 13.126 11. 393 —1.733
o 10 29.4 782.622 0 1.910 1. 222 —0.688 17. 387 13.728 —3.659
11 29.4 757.632 —749.7 2.420 1. 996 —0.424 23. 346 21.693 —1.653
12 29.4 732.642 —1499.4 3.125 2.949 —0.176 29.959 30. 263 0. 304
13 29.4 757.632 —2 249.1 4.296 4,492 0.196 39.799 42.157 2.358
1 7.35 0 0 0.177 0. 155 —0.022 3.320 3.158 —0.162
2 12.25 0 0 0. 286 0.273 —0.013 5.379 5.341 —0.038
3 17. 15 0 0 0.424 0. 405 —0.019 7.614 7.590 —0.024
4 22.05 0 0 0. 559 0. 550 —0.009 9.678 9.906 0.228
5 26.95 0 0 0. 684 0.711 0.027 11. 747 12.292 0. 545
. 6 31. 85 0 0 0. 896 0. 887 —0.009 14. 643 14. 749 0.106
00 7 31.85 94. 662 0 1.075 1. 005 —0.07 17. 228 16. 509 —0.719
8 31.85 194. 622 0 1. 255 1. 159 —0.096 19. 556 18. 717 —0.839
9 31. 85 390. 622 0 1. 589 1.596 0.007 24.202 24.622 0.42
10 31. 85 365.632 —574.8 1.972 2.056 0. 084 30. 490 31.533 1. 043
11 31. 85 340. 642 —1 149.6 2.590 2.542 —0.048 36.918 38. 342 1. 424
12 31. 85 365.632 —1724.4 3.468 3.372 —0.096 49. 664 48. 466 —1.198
1 0 94. 662 0 0.101 0.086 —0.015 0.971 0.901 —0.07
2 0 194. 622 0 0.227 0.193 —0.034 1. 956 1. 951 —0. 005
3 0 390. 622 0 0.442 0.462 0.02 4.016 4. 386 0. 37
4 0 586. 622 0 0. 814 0. 847 0.033 7.977 7.513 —0.464
5 0 684. 622 0 1.082 1. 106 0.024 10. 684 9.448 —1.236
6 9.511 684. 622 0 1. 449 1. 548 0.099 13.182 12. 404 —0.778
087 7 14. 411 684. 622 0 1. 700 1. 808 0.108 14. 735 14.039 —0.696
8 19. 311 684. 622 0 1.974 2.091 0.117 16. 347 15. 754 —0.593
9 24,211 684. 622 0 2.270 2.399 0.129 17. 954 17.553 —0.401
10 29.111 684. 622 0 2.589 2.734 0. 145 19. 661 19. 441 —0.22
11 29.111 659.672 —574.8 3.132 3. 267 0.135 23.531 23.179 —0.352
12 29.111 634. 682 —1 149.6 4.147 3. 830 —0.317 31.460 26.960 —4.5
13 29.111 659.672 —1724.4 5.195 4.918 —0.277 36. 285 33.312 —2.973
1 0 94. 662 0 0. 087 0.073 —0.014 0. 466 0. 807 0. 341
2 0 192. 662 0 0.175 0.162 —0.013 1. 493 1. 742 0. 249
3 0 290. 662 0 0.292 0. 269 —0.023 2.763 2.798 0.035
4 0 388.662 0 0.430 0. 399 —0.031 4.067 4.003 —0. 064
5 0 486. 662 0 0.621 0.559 —0.062 5. 784 5.397 —0. 387
6 0 586. 622 0 0. 810 0.763 —0.047 7.927 7.070 —0. 857
097 7 9.511 586. 622 0 1.212 1. 222 0.01 10. 628 10. 346 —0.282
8 14. 411 586. 622 0 1. 492 1.505 0.013 12. 450 12. 201 —0. 249
9 19. 311 586. 622 0 1. 818 1. 823 0.005 14. 344 14.179 —0.165
10 24. 211 586. 622 0 2.210 2.179 —0.031 16. 580 16. 288 —0.292
11 24,211 561.23 —574.8 2. 860 2.821 —0.039 21.777 20. 886 —0.891
12 24,211 537.24 —1 149.6 3.518 3.530 0.012 25. 744 25.653 —0.091

13 24.211 561.23 —1724.4 4. 850 4.794 —0.056 35.820 33.086 —2.734
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WS mERF Fu/N Fyv/N M/(N « cm) vor/mm voc/mm Avy/mm vpr/mm vpe/mm Avp/mm
1 0 94. 662 0 0.097 0. 088 —0.009 0.493 1.072 0.579
2 0 192. 662 0 0. 207 0.196 —0.011 1. 821 2.317 0.496
3 0 290. 662 0 0. 330 0. 326 —0. 004 3.479 3.731 0.252
4 0 388. 662 0 0.512 0. 484 —0.028 5.369 5.355 —0.014
5 0 486. 662 0 0. 749 0.678 —0.071 7.256 7.246 —0.01
6 0 586. 622 0 0. 986 0.929 —0.057 10. 388 9.537 —0. 851
107 7 9.511 586. 622 0 1. 367 1. 403 0.036 13.434 13. 334 —0.1
8 14. 411 586. 622 0 1. 626 1. 686 0. 06 15. 448 15. 447 —0.001
9 19. 311 586. 622 0 1. 876 2.000 0.124 17. 323 17.672 0. 349
10 24,211 586. 622 0 2.224 2.345 0.121 19. 729 20.018 0. 289
11 24,211 561.23 —574.8 2.792 2.919 0.127 24,707 24. 819 0.112
12 24,211 537.24 —1 149.6 3.399 3.539 0. 14 30. 442 29.727 —0.715
13 24,211 561.23 —1724.4 4. 374 4.701 0. 327 37.186 37.710 0.524
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Table 3 the initial ratio of elastic foundation

coefficientandthe initial elastic foundation coefficient
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EERE 103.4 0.58 0.16 1.8
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Table 4 Characteristic value of lateral displacement of soils
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Fig. 2 the tested and calculated lateral displacement

of the 3™ model pile at the ground
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Fig. 3 the tested and calculated lateral displacement

of the 3" model pile at the top
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Fig. 12 the tested and calculated lateral displacement

of the 10" model pile at the ground
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Table 5 mechanical analysis of the 5™ model pile with diferentcharacteristic value of lateral displacement in sand

s PEDURFARGLCo g0 80 1 8 Bt H T 4 HE T {7 W%Fﬁ‘ 22 PN PN 2

yL/mm i / L voc/ % vec/ 95 71 el +HED
Fu/N Fy/N M/(N « cm) mm mm Fq /N Moo /N ¢ m Gmax / kPa

1 7.35 0 0 0. 155 3.157 —23.128 —4.904 16. 745

2 12. 25 0 0 0.273 5.339 —38. 157 —8.182 25.463

3 17.15 0 0 0. 404 7.586 —52.871 —11. 467 32.687

4 22.05 0 0 0. 549 9. 897 —67. 264 —14.759 38.714

5 26.95 0 0 0.708 12.275 —81.332 —18. 058 43.773

6 31.85 0 0 0. 883 14.721 —95.070 —21. 366 48. 045

008 7 31.85 94. 662 0 1. 000 16. 469 —105. 455 —23.668 50. 380
8 31.85 194,622 0 1. 150 18. 656 —117. 859 —26.500 52.926

9 31.85 390. 622 0 1.574 24. 466 —148. 167 —33. 806 58.182

10 31. 85 365. 632 —574.8 2.018 31.262 —174.596 —41.074 61. 842

11 31.85 340.642 —1 149.6 2.482 37.920 —198. 450 —47.977 64.534

12 31. 85 365.632 —1724.4 3. 259 47,675 —232.363 —58. 149 67.587
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2 12. 25 0 0 0.273 5.341 —38.191 —38.182 25. 480
3 17.15 0 0 0. 405 7.590 —52.938 —11. 467 32.719
4 22.05 0 0 0. 550 9.906 —67.373 —14.758 38.763
5 26. 95 0 0 0.711 12. 292 —81. 489 —18.058 43. 842
- 6 31. 85 0 0 0. 887 14,749 —95. 276 —21. 365 48.134
o)
7 31. 85 94. 662 0 1. 005 16. 509 —105. 717 —23.670 50. 489
8 31. 85 194. 622 0 1.159 18. 717 —118. 187 —26.510 53.059
9 31. 85 390. 622 0 1.596 24.622 —148. 700 —33. 858 58. 390
10 31.85 365. 632 —574. 8 2.056 31.534 —175.101 —41.160 62.095
11 31.85 340,642 —1 149.6 2.542 38.342 —198. 741 —48.102 64.823
12 31.85 365.632 —1724.4 3.372 48. 466 —231.979 —58.401 67.932
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