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Scale effects of uplift capacity of circular anchors in dense sand
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Abstract: The scale effects of uplift capacity of circular anchors in dense sand are studied by means of the model tests and
finite element method. The pullout tests on the circular anchors with the diameters of 20, 50 and 400 mm as well as the
embedment ratios of 2~6 are carried out, where the curves of uplift resistance and displacement and ultimate uplift capacity are
obtained. It is seen from the test results that the breakout factor decreases with the increase in anchor diameter under the same
embedment ratio, and the phenomenon is more obvious with larger embedment ratio. Numerical analysis for the pullout tests is
performed based on the modified Mohr-Coulomb model which can reflect the strain softening of dense sand, and the results are
compared with those based on the elastic-perfectly plastic Mohr-Coulomb model. It is shown that the numerical results based
on elastic-perfectly plastic model overestimate the uplift capacity of anchors remarkably, while the simulations based on the
modified Mohr-Coulomb model can reveal the process of mobilizing soil strength to the peak value, and thus the numerical
results agree well with the test ones. The reasons causing the scale effects are the soil strength dependent on stress level and the
progressive failure during pullout. The process that the soils surrounding the anchors reach failure step by step becomes more
and more obvious with the increase of anchor diameter when the embedment ratio is relatively large.
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Table 1 Test programs and ultimate uplift capacities

O, BH ug
/ D wp x1g Hfii/N BE%  mm
mm bk MC MMC MC MMC MMC

1.66 2.19 1.52 319 -84 0.76
3.90 5.56 3.65 42.6 63 0.81
7.52  11.68 7.12 553 =53 1.10
21.56  30.16 20.31 399 -58 1.74

20

18.64 31.57 20.52 694 10.1 1.25
4734 76.35 50.57 613 6.82 1.57
102.71 157.80 102.06 53.6 -0.63 2.45
273.71 464.50  278.26 69.7 -1.66 7.79

50

10055.1 12667.1  9212.0 26.0 -8.38 8.80
22728.4 301754 22561.9 32.8 -0.73 12.90
44150.5 62105.2 43607.8 40.7 -1.23 23.00
109865.0 185263.1 106713.1 68.6 —2.87 80.40

400
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R 2 WA EAR
Table 2 Physical properties of sand

PR ABSRE WERE pow Pmin
dsy/mm C, C. Ngrem®)  /(grem®)

0.25 1.87 0.938 1.75 1.56

—— p=40 kPa
/ . —-— p=100 kPa
1000 / Ry ---- p=400 kPa

/%
1 RIS - $R AR X Rk
Fig. 1 Deviatoric stress-axial strain relationship
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Fig. 2 Uplift resistance-displacement curves of circular

anchors with various diameters
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Table 3 Strength parameters for various constitutive models

D H/D O3 ESO (pp V/P
/mm /kPa /MPa /() /()

2 0.70 6.5 58 33

20 3 1.05 7.8 56 31

4 1.40 8.9 55 30

6 2.10 10.8 54 28

2 1.75 9.9 55 30

50 3 2.63 12.0 53 27

4 3.50 13.7 52 26

6 5.25 16.6 51 25

2 14 26.3 47 20

3 21 31.8 46 18

400 4 28 36.4 45 17

6 42 44.0 44 16
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