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Experimental study on uplift capacity of multi-helix anchors in sand

HAO Dong-xue, CHEN Rong, FU Sheng-nan
(School of Civil Engineering and Architecture, Northeast Dianli University; Jilin 132012, China)

Abstract: Helical anchors are widely used to resist uplift loading for a variety of applications involving a wide range of soil
conditions. The performance and ultimate capacity of multi-helix anchors depends on the depth of embedment, spacing and
number of helixes and soil conditions. The interaction of adjacent helixes can make the overlapping of soil failure zone, which
thus will affect the failure mode and ultimate uplift resistance. However, there is very limited experimental study on the
problem. The behavior of multi-helix anchors in medium and dense sand is investigated by performing a series of small-scale
pullout tests. The embedment ratios for deep anchors in medium and dense sand are regarded as 6 and 10.5 respectively. The
critical spacing of helixes of deep anchors in medium sand that makes individual bearing capacity occur is between 3.0D and
4.5D. The critical spacing of helixes of shallow anchors in dense sand is greater than 6.0D, which can reach the efficiency of
more than 90%. The uplift resistance will increase with the increasing number of helixes. However, cylindrical failure mode
will happen when the spacing decreases to some value due to the increase in number of helixes, which can no longer produce
higher uplift resistance. The critical values of spacing are about 1.5D and 2.0D for the medium and dense sand respectively.
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Fig. 1 Failure modes of multi-helix anchor (deep anchor)
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Fig. 2 Models of multi-helix anchors
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Table 1 Test programs
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Fig. 3 Uplift resistance-displacement curves
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Fig. 4 Ultimate uplift capacities and failure displacements under

various embedment ratios
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double-helix anchors with various spacings
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Table 2 Ultimate uplift capacities and efficiencies of single-helix

and double-helix anchors

D/% N S HID OJN /%
1 0 6.0 7.40 100
1 0 7.5 9.04 100
1 0 9.0 11.86 100
1 0 10.5 10.85 100
44 | 0 12.0 11.62 100
2 15D 60, 75 10.59 64.4
2 30D 60, 90 17.42 90.4
2 45D 60,105 18.71 102.5
2 60D 60,120 19.50 102.5
1 0 6.0 14.60 100
1 0 7.5 22.50 100
1 0 9.0 30.30 100
1 0 10.5 41.82 100
78 | 0 12.0 44.40 100
2 15D 60, 75 21.50 57.9
2 30D 60, 90 33.60 74.8
2 45D 60,105 46.50 82.4
2 60D 60,120 54.30 92.0
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Fig. 7 Variation of efficiency of double-helix anchors with spacing
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in medium sand
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Table 3 Ultimate capacities and efficiencies of multi-helix anchors
D./% N S H/D OJ/N n /%
2 3.0D 6.0, 9.0 17.416 90.40
3 1.5D 6.0, 7.5, 9.0 18.130 64.00
44 2 6.0D 6.0, 12.0 19.500 102.50
3 3.0D 6.0, 9.0, 12.0 27.040 87.60
4 2.0D 6.0, 8.0, 10.0, 12.0 30.085 74.90
2 3.0D 6.0, 9.0 33.600 74.80
3 1.5D 6.0, 7.5, 9.0 30.647 45.50
78 2 6.0D 6.0, 12.0 54.300 92.00
3 3.0D 6.0, 9.0, 12.0 61.500 68.90
4 2.0D 6.0, 8.0, 10.0, 12.0 61.860 50.74
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Fig. 10 Effects of number of helixes
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