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Mesoscopic characteristics of pile-soil interaction considering layered
distribution of soils and real pile test results

ZHU Hongchang, XU Jinming, HUANG Dayong
( Department of Civil Engineering, Shanghai University, Shanghai 200072, China)

Abstract: Based on a real pile foundation project in the soft soil ground in Shanghai, the interaction between
pile and layered soils was investigated using the particle flow method considering the layered soils and pile test
results. For a single pile, after considering the real distributions of soil layers and the load-displacement
curves obtained in field, the parallel bonded models were established, with the calibration of the mechanical
parameters in a meso-scale based on in-situ load-displacement curves. The parallel bonded models of other in-
situ test piles were then established using the same method, and the corresponding meso-parameters were
thereafter obtained. The results show that the particle flow code method can effectively simulate the interaction
between the piles and layered soils. In determining the mesoscopic parameters from the macroscopic ones, few
of the correlation coefficients in the equations were less than 0.5, most of the coefficients were greater than
0.5, and a part of the coefficients reached 0.9 or more. In the equations obtained from the mesoscopic
parameters to the macroscopic ones, a few of the correlation coefficients in the equations were less than 0.6,
the rest of the coefficients were greater than 0. 8, indicating that the regression result is relatively reasonable.
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Table 1 Parameters of the test piles
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Table 2 Macroscopic parameters of the layered soils in pile 46

B W AR R

+Z JRJE W/

%5 WE /m (kg-m?) e c/kPa ¢ /(°) E_ /MPa
@D 1. 40 1800 1. 11 23.00 16. 00 3.74
® 2.60 1800 1. 11 23.00 16. 00 3.74
® 3.90 1940 0. 81 7.00 28.50 12. 18
®;g 8. 00 1915 0.79 3.00 31.00 11.57
® 11.30 1765 1. 16 13.00 17.00 3.52
@ 18. 60 1670 1.51 13.50 12.25 2.27
®, 24.20 1740 1.27 16. 00 11.00 2.93
®5_, 35.50 1855 0.98 17.50 21.75 3.84
®5_, 41.40 1805 1. 06 22.00 15.50 6. 05
®, 44.10 1980 0.71 44. 00 14. 50 7.61

@ HiflAkEE 1904 0. 83 0. 00 34. 00 12.77
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Fig. 1 Size distributions of the particles in simulation
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Fig.2 Load-displacement curves
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Table 3 Mesoscopic mechanics parameters of the layered

soils in pile 46
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T E,/MPa ", /MPa " g/kPa 7/kPa
@ 1290 200 115 010 200 230 115
® 1290 200 115 0.10 2,00 230 1.15
® 4200 2.00 217 0.10 200 0.70  0.35
@, 39.90 2.00 240 0.10 2,00  0.30  0.15
® 1214  2.00 1.22  0.10  2.00 1.30  0.65
@  7.83  2.00 0.87 0.10 200 1.35  0.68

®, 10.10  2.00 0.78 0.10 2.00 1.60  0.80
13.24  2.00 1.60 0.10 2.00 1.75  0.88
®5_, 20.86  2.00 1.11 0.10 2.00 2.20 1.10
®, 26.24 2.00 1.03 0.10 2.00 4.40 2.20
@ 44.03  2.00 2.70 0.10 2.00 0.00  0.00
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Table 4 Estimation of mesoscopic mechanics parameters based on macroscopic ones

+Z 0L 5 WX 2 ElIPURERn liEPS
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E,= -1.842 -0.280e - 1.208¢p +0.432¢ +6.398E 0. 830 E,= -68.194 +35.574e +1.185¢ - 0. 179¢ +6.263E_  0.957
kyp/kyp = 0.783 +0.180e 0. 141 +0. 100c +0. 317E, 0. 096 kyp/ky = 62.522 —=27.060e —0. 8480 — 0. 429¢ -2. 102E,  0.357
up = —0.472 -0.152¢ +0. 098¢ - 0. 010c¢ +0. 086E 0. 340 mp = —33.911 +15.475¢ +0.559¢ +0. 204c + 1. 211 E 0.919
® E,: = 0.790 —0.025¢ -0.015¢ - 0. 015¢ - 0. 028E, 0.505 ®;_, E = —6.666 +3.153¢ +0.095¢ +0. 043¢ +0. 222 0. 823
k,/k,= 3.044 +0.316e -0.300¢ +0. 113¢ +0. 308 0.235 k,/k = 98.977 -43.382e —1.357¢ —0.666¢ —=3.459E_ (. 637
o =28.601 +0. 226¢ - 0. 767¢ —1.023¢ +2. 103E, 0.477 o= -372.391 +188. 682¢ +4. 890¢ +1.807¢ +13.005E, (.551
7 =14.553 +0.200¢ - 0. 409¢ - 0.499¢ + 1. 014E, 0. 461 7= —186.344 +94. 410¢ +2. 447¢ +0.904¢ + 6. 508E 0.551
E, = 7.298 +3.378¢ +0.926¢ - 1. 540¢ + 1. 338E, 0.818 E, = 91.504 -52. 154¢ = 1. 290¢ - 0. 806¢ + 3. 700E 0.892
kop/kp =1.655+0.582¢ +0.008¢p —0.028¢ +0. 001 E 0. 031 kop/kp = 0.362 -11.392e +0.225¢ +0.195¢ +0. 982E_, 0. 402
pp = —2.347 +0.727¢ +0.099¢ +0.075¢ +0. 033E, 0. 143 pp = —0.023 -2.316e +0. 108¢ +0. 032¢ +0. 209E 0. 892
® E( =0.134 -0.019¢ -0.002¢ - 0. 001c +0. 002E 0.489 ®;_, E‘, =0.358 +1.019¢ - 0. 026¢ - 0. 030c - 0. 048E 0. 829
k,/k = 3.850-0.051e-0.008¢p —0.111c —0.041E 0.270 k,/k = 0.501 —13.155¢ +0.240¢ +0. 182¢ + 1. 277E 0. 463
o= -9.338 +6.310e +0. 173¢ +0. 046¢ — 0. 062 0. 603 o= -57.313 +19.427¢ +1.108¢p +0.055¢ +3. 179E 0.556
7= -4.661 +3.153¢ +0. 086¢ +0.023¢ -0.031E, 0. 604 7= —28.656 +9.717¢ +0. 554¢ +0.027¢ + 1. 589E, 0.556
Ep = 915.911 =50.570e = 22.527¢ —9.249¢ -9. 634E_ 0. 839 E,= -0.167c +4.419Es 0.957
kop/kp = 29.519 —69. 624¢ +0.313¢ +0.885¢ +1.324E_ 0. 150 kp/kp = 0.064c —0. 105Es 0.375
pmp = 55.417 -=55.421e - 0. 530¢ +0. 224¢ +0. 546E 0. 143 wp = 0.016¢ +0. 052Es 0.296
®9< E(, = —7.235+9.724¢ +0.039¢ - 0. 068¢ —0. 118E_ 0. 489 ®, E(» = —0.006¢ +0.049Es 0.967
k,/k,= —8.993 —-47.215¢ +0.946¢ +1.041c +1.395E_ (. 270 k,/k, = 0.039¢ +0.039Es 0.375
o =147.434 -212. 109¢ - 0.697¢ +1.913¢ +3. 122F 0. 603 o= -0.021c+0.355Es 0. 044
7=73.762 - 106.091¢ - 0. 349¢ +0.956¢ + 1. 561F 0. 604 7= -0.010c +0. 177Es 0. 044
E, = 33.486 —=23.901e¢ +0.059¢ +0.966¢ — 1. 418E_ 0.722 E,= -0.052¢ —1.706c +3.589Es 0.925
kyp/kp = 8.701 =0.297¢ - 0. 119¢ -0.285¢ - 0. 422E, 0. 344 kyp/kp = 0.059¢ +0.104¢ —0. 001 Es 0. 400
pp = 2.047 -2.304e +0. 115¢ +0. 138¢ - 0. 407E, 0.935 wp = 0.080¢p —0.115¢ +0. 011Es 0.516
@ E, = =0.146 - 0. 335¢ +0. 009¢ +0. 054c - 0. 040E_ 0.824 @ E, = -0.007¢ -0.024c +0. 026 Es 0.970
k,/k,=7.917 +1.777¢ - 0. 196¢ — 0. 419¢ - 0. 246 E 0. 629 k,/k, = 0.033¢ +0.025¢ +0. 068 Es 0. 400
;:72.345—47.926e—0.413<p+1.574c—6.945E>_ 0.525 ;z()_()(n@4.()_2710_().0191;s 0.979
7=36.166 —23.962¢ —0. 207¢ +0.787c -3.472E, 0.525 7 =0. 004¢ +0.136¢ - 0. 010Es 0.979
E,= -12.642 -0.236e+0.431¢p +0.335¢ +4.471E 0. 842
kop/kp= —3.753 +2.945¢ +0.042¢ —0.012¢ +0. 592E_  0.313
mp = —3.921 +1.965¢ -0.213¢ +0.315¢ -0. 151E, 0. 862
®, f( =1.025 -0.351e -0.059¢ +0.026¢ - 0. 079E 0. 472
k,/k, = 3.200 -0.078¢ +0. 191¢p — 0. 334¢ +0. 728E 0.613
o= -171.329 +97.061e - 7. 874¢ +8.029¢ +2. 388E, 0. 509
7= —85.704 +48.550¢ 3. 938¢ +4. 016¢ + 1. 194E, 0. 509
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Table 5 Estimation of macroscopic mechanics parameters based on mseoscopic ones

S TRE TS B fli v MR R

e = 1.110 —0. 000E, +0.332u, —0.098k,,/k, —1.588 0. 351k, /k, -0.771 +1.556

0. 163

= 19.442 —0.012E, - 0. 892, + 1. 830k, /k, —25.308 - 0. 555k, /k, —0.154 +0.336 0.957

@ ¢= 26.828 —0. 136E, +0. 717, +0. 088k, ,/k,, —5.961 — 1. 688k, /k, —2.724 +5. 149 0. 647

E, = 1.599 +0. 124E, - 0. 412y, +0. 703k ,/k_, — 6. 567 +0. 605k /k_ +0.764 - 1. 466 0.952

e = 1.607 =0.007E, +0.008u, —0. 112k, ,/k, —0.784 0. 085k, /k +1.410 -2.774 0.703

© = 1.389 +0. 195E, +0. 112u, +6. 330k, ,/k, — 12. 122 +2. 724k /k_+296.930 - 593. 325 0.931

® ¢ = 19.700 —0. 155E, —0. 818u, +0. 286k ,/k_, — 16.265 — 1. 466k, /k_—101. 434 +202. 708 0. 827

E,= -10.135+0.223E, +2. 120w, + 1. 528k, /k_p +30. 869 + 1. 089k, /k, —53.871 +107. 260 0. 803

e = 0.593 +0.002E, +0.021u, —0. 006k, ,/k, +0.374 +0. 021k, /k +0.787 —1.571 0.981

® © = 40.407 0. 114E, —=0.913u, +0.201k ,/k_, +13. 147 = 1. 028k, /k_ — 148. 453 +296. 633 0.977

* ¢ = -4.614 -0.015E, +1.833u, —0. 806k, ,/kp +29.773 +1.294k /k_+859.907 - 1717. 413 0.724

E,= 3.473 +0. 145E, +0.242u, +0. 301k ,/k_, +3. 874 +0. 618k /k_ —505. 002 + 1008. 889 0. 640

E = 1.877 -0.043E, —0.001u, - 0. 154k ,/k, +1.583 —0. 019k, /k_ + 14. 474 - 28. 966 0.933

© = 13.712 0. 133E, - 0. 868u, +7. 163k ,/k,, —28.726 — 1. 234k /k_-363.396 +726. 525 0. 998

@ ¢ = 11.162 0. 093E, +0.933u, — 1. 819k ,/k,, +30. 342 0. 062k, /k  —55.356 +110. 515 0. 992

E.= 1.972 +0.161E, 0. 081, +0. 065k ,/k_, —6. 117 0. 120k, /k_ - 67.915 +135. 826 0.781

e = 2.038 -0.018E, +0.034u, —0. 578k, ,/kp +0.577 = 0. 082k, /k  —65.202 + 130. 400 0.971

® @ = 13.613 +0. 110E, —0. 670w, +0. 976k, ,/k» —9. 747 —0. 890k, /k, —321.289 +642. 229 0.974

! ¢ = 8.409 +0.247E, —0. 851w, +8.819k,,/k,, — 16.335 +0. 348k, /k_ +466.904 - 933.924 0.941

E = -1.062 +0. 144E, +0. 049, + 1. 540k ,/k_, —3.473 +0. 617k, /k_+246.91 —493.715 0.994

e = 0.940 —0. 008E, +0.096u, —0. 136k ,/kp +1. 113 +0. 031k, /k, ~9.615 +19.258 0.994

® © = 2.577 +0. 157E, = 1. 663w, +7. 352k, /kp +35. 156 +2. 230k, /k_ +1048.9 —2098. 393 0. 980

i ¢ = 44.960 - 0. 468E, — 1. 65Tup —3. 958k ,/k p +36.573 =3. 732k /k_—-429.269 +858.018 0. 898

E = 6.759 +0. 125E, - 0. 186w, — 0. 438k, ,/k_, —19.708 - 0. 703k, /k, - 250. 304 +500. 554 0. 996

e = 1.229 -0. 008K, +0.223u, —0.257k ,/kp +0.900 0. 124k /k —1.724 +3.471 0. 955

® @ = 12,158 —0.259E, —10. 133y, +12. 450k ,/k_, —8.370 +7. 649k, /k_+419.922 —839. 996 0.976

32 ¢ = 34.952 +0.041E, +13.847u, - 15. 062k ,/k_, — 15. 800 — 11. 304k, /k_ —309. 352 +619. 398 0. 964

E = 4.797 +0.009E, +2. 186w, —2. 589k, ,/k, +10. 696 —0. 740k, /k_ +8.201 - 16. 157 0.955

e = —0.001E, +0. 1954, —0. 009k ,/kp +0. 179k, /k, 1,000

® © = 0.057E, +2.734u, +0.464k ,/k, +3.526k /k_-0.016 1. 000

¢ ¢ = 0.114E, +9.218u, +0. 928k ,/k, +10. 803k, /k, —0. 033 1. 000

E,= 0.178E, —0.878u, + 1. 447k ,/k +1.595k /k_ —0.051 1..000

e = 0.205u, +0.250 +0.197 k,/k_ —0. 060 1.000

@ ¢ = 11.982y, -20.762 +6.056 k /k -7.000 1. 000

¢ = —1.099u, —0.012 +1. 100 k,/k, +4.000 1. 000
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