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Pseudo static finite element analysis of bearing capacity of suction anchor
subjected to cyclic loads in soft clay
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Engineering Institute of Tianjin University, Tianjin 300072, China)

Abstract: A pseudo-static elasto-plastic finite element method is proposed to evaluate the bearing capacity of suction anchors
subjected to a combination of average and cyclic loads in soft clay using the undrained cyclic strength. The octahedral shear
stress of soil elements associated with the average mooring load is first determined by elasto-plastic finite element calculations
using the undrained static strength of soft clay for the method. The undrained cyclic strength of soil elements associated with
the specified number of cycles to failure is further determined based on the octahedral shear stress. The load-displacement curve
at the mooring point along the loading direction is then determined by the elasto-plastic finite element calculations using the
undrained cyclic strength. The cyclic bearing capacity of anchors is finally determined based on the curve and the displacement
criterion to failure. The effects of the average mooring load on the undrained cyclic strength and the bearing capacity of suction
anchors subjected to a combination of average and cyclic loads are considered. In order to show the validity of the method,
model tests on cyclic bearing capacity of suction anchors with different diameters, aspect ratios, average loads, frictional factors,
loading directions and failure modes are conducted. The test results are predicted using the pseudo-static elasto-plastic finite
element method. The predicted results are less than the test ones. The average difference is not over 10%. Variations of the
normalized cyclic bearing capacity with the number of cycles to failure only depend on the normalized average loads. The
effects of load directions, anchor diameters and frictional factors of outer wall on the normalized cyclic bearing capacity can be
neglected. If the normalized average load is 0.5 and the number of cycles to failure is 1000, the cyclic bearing capacities are
about 75% and 80% of the static bearing capacity respectively

for the vertical failure and the lateral failure, which are in HAeTH: FFAREEESTH (51179120)

agreement with the existing centrifugal model test results. Wis HEA: 2012-09 - 04
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Fig. 1 Cyclic strength curves from cyclic triaxial compression tests
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Fig. 2 Cyclic strength curves from cyclic triaxial extension tests
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Table 1 Model anchors with different characteristic parameters
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1 0.076 6 0.06
2 0.076 6 0.26
3 0.114 4 0.06
4 0.114 4 0.26
5 0.152 3 0.26

6 1RE5H
Fig. 6 Model anchors
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Table 2 Test details for vertical failure mode

s HAR/m [EXEd= InZT5 1 Fi/Fy
1 0.076 6 30 0.5
1 0.076 6 30 0.7
1 0.076 6 40 0.5
1 0.076 6 40 0.7
3 0.114 4 30 0.5
5 0.152 3 35 0.5
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Table 3 Test details for lateral failure mode
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2 0.076 6 35 05 044
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Fig. 12 Variation of moving direction of anchors with cyclic
accumulative displacement
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(2) MAEHENFIA A IFRAE, VHEIE BRI
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Table 4 Cyclic bearing capacity for anchor 1 and loading direction

&8 24, 35° MEAHEMBIRKE S

Table 8 Cyclic bearing capacity for anchor 2 and loading direction

of 35 degrees

Fiey' L Ft o M
Fa/Ff Su/kPa F#kN (N])f /kIzI Ff,cy /Ff /kIzI {)ﬁj%/%
0.5 6.6 1493 74 1375 092 1.148 16.51
0.5 6.7 1500 173 1.320 0.88 1.094 17.12
0.5 6.8 1513 454 1277 084 1.077 15.66
0.5 6.8 1536 2126 1.184 0.77 1.010 14.70
0.7 6.5 1518 69 1471 097 1305 11.28
0.7 6.7 1529 239 1405 092 1261 10.25
0.7 6.7 1521 827 1311 086 1.230 6.18
0.7 6.9 1.545 2332 1.239 0.80  1.230 0.73

RO, 35° MEH EMBIRKE S

Table 9 Cyclic bearing capacity for anchor 4 and loading direction

of 35 degrees

of 30 degrees
Frey' | Fro,t  AHXT
Fa/Ff Su/kPa F#kN (N])f /kN Ff,cy /Ff /kN ’fﬁji’%/%
0.5 82 0.682 121 0.647 095 0.554 144
0.5 6.6 0542 242 0480 0.89 0448 6.71
0.5 6.5 0537 268 0448 0.84 0410 8.56
0.5 6.6 0548 832 0420 0.77 0.400 4.71
0.5 6.8 0566 2408 0.413 0.73 0.400 3.06
0.7 7.8 0647 27 0624 097 0575 7.90
0.7 7.8 0.647 280 0.591 091 0.551 6.72
0.7 85 0713 79 0.616 086 0.589 4.39
0.7 7.9 0.653 1857 0.533 0.82 0.541 -1.53
F 511, 40° M EMBIRREH
Table 5 Cyclic bearing capacity for anchor 1 and loading direction
of 40 degrees
Frey' | Fro,t  AHXT
Fa/Ff Su/kPa F#kN (N])f /KN Ff,cy /Ff /KN ’fﬁji’%/%
0.5 7.7 0531 44 0491 092 0425 1338
0.5 83 0567 352 0466 082 0423 9.24
0.5 7.9 0555 456 0417 0.75 0.391  6.19
0.5 88 0.644 750 0460 0.72 0433 596
0.5 83 0.568 2280 0.389 0.68 0.389 -0.13
0.7 74 0512 73 0497 097 0441 11.29
0.7 6.4 0451 829 0414 092 0373 991
0.7 6.5 0477 1310 0.407 0.85 0.367 991
0.7 6.7 0478 2242 0385 0.81 0.370 3.84
6734, 30° M EBBIREE S
Table 6 Cyclic bearing capacity for anchor 3 and loading direction
of 30 degrees
Frey' . Fro,t  AHXT
Fa/Ff Su/kPa F#kN (N])f /KN Fny /Ff /KN ’fﬁji’%/%
0.5 7.1 1336 185 1.204 090 1.044 13.27
0.5 6.9 1294 342 1.105 085 0983 11.05
0.5 7.1 1336 513 1.089 0.82 0.972 10.73
0.5 7.2 1367 1939 0971 0.71 0955 1.65
&7 S 35 EME EMET RSN

Table 7 Cyclic bearing capacity for anchor 5 and loading direction

of 35 degrees

Fre Fro,? XS
FJ/F; SJ/kPa FJ/kN (N)) /ﬁIzI Fiey'IFt /ﬁIzI R %
05 7.0 2378 885 1.851 078 1.634 11.72
0.5 7.1 2433 2290 1.688 069 1572 6.87

Frey' Ly Fred AR
Fa/Ff Su/kPa F#kN (N])f /kIzI Ff,cy /Ff /kIzI {)ﬁj%/%
0.5 63 1.855 250 1.697 0.92 1.462 13.86
0.5 6.5 1935 531 1.536 0.79 1.381 10.11
0.5 6.5 1938 1575 1.459 0.75 1.324 9.27
0.5 6.4 1911 2613 1.347 0.71 1.274 5.44
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Fig. 14 Variation of Fﬂcyl/Ff with (N;)¢for vertical failure mode
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Fig. 16 Finite element model
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