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The pullout capacity and behavior of helical anchors in dense sand
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(1. Electric Power Research Institute of State Grid Henan Electric Power Company, Zhengzhou 450001, P. R. China;
2. School of Civil and Transportation Engineering, Henan University of Urban Construction, Pingdingshan 467036,
Henan, P. R. China)

Abstract: Aiming at the problems of unclear critical trigger mechanism for the pull-up failure mode of helical
anchors in sandy soil and insufficient universality of the calculation method, this paper conducts systematic
research through indoor triaxial tests, pull-out tests and numerical simulations, simplifying the difficulty of
evaluating the bearing performance of helical anchors and promoting their application in sandy soil foundations.
Based on the strength parameters calibrated by triaxial tests, the MMC constitutive model was established using

the ABAQUS platform (with an accuracy improvement of 23% compared to the MC model). The research
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results show that when the burial depth of the upper anchor disk of the multi-anchor system drops to the deep -
shallow critical zone, the bearing capacity drops sharply by 10%-15%. The increase in the number of anchor
discs leads to a nonlinear attenuation of bearing capacity. When the spacing is 4D, the overall bearing capacity
rebounds by 7% due to the enhanced contribution of the lower anchor discs. The ultimate bearing capacity under
the drilling condition is 10%-20% higher than that under the embedded condition due to the compaction effect.
Based on the modified independent failure mode bearing capacity coefficient and the lateral pressure coefficient
of the cylindrical shear failure mode, the theoretical model constructed can accurately predict the ultimate
bearing capacity of a single anchor (error <<5%) in dense sandy soil, providing a universal framework for
engineering design.

Keywords: helical anchors; uplift failure mode; constitutive model; strain softening; bearing capacity

coefficients; lateral earth pressure coefficient
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BURE T o/ (g/

RN ] G JE 0,/kPa
cm’)
a 1.60 1 100
a 1. 60 2 200
a 1.60 3 300
b 1.70 1 100
b 1.70 2 200
b 1.70 3 300
c 1.80 1 100
c 1.80 2 200
c 1. 80 3 300
d 1.90 1 100
d 1.90 2 200
d 1.90 3 300

46 R A A i B T YA AR )
(GB/T 50123—2019)""1 56 F =l & 47 1 56 0 #
TR T A 1) R 3 A s o T S 1Y) VR A TR
A LA A& R ST A B AR d=39. 1 mm ., & =80
mm Y FRAERE T =l 85 D150

o o A S R = Al B U1 56 R FH R et R
J7HE PR ) TSZ-3 R AR 45 i 28 = A, SR AN [ 45
ANHEAK B PR (UU) , 37 ¥ % 4 0. 5 mm/min,
FBl JE % & o 100,200,300 kPa., 8 56 45 o i b 1E A
JOE 77 31k ) 0 {8 B8 R A i R AR B N 5 %0
Py S8

o 1 A7 D =l B 170 5 R R 5 R 9 AR WL K 2,
B U SR B T R Y AR AR DL TR 1, N R 4R
Fr1 Bt T B ) AR A A LA 2.

M 2R L aT LLBH B & B T % R

1300 -

1200 - —®— 0y=100kPa
oo a,=200kPa
—4— 5,=300kPa
1000 |
2.“: 900
.
800 B
= 23
¢ 700] PN
5 e
600 e
500
400 /./
300 F
160 165 170 175 180 185 1.90
pal(g/om’)

Bl1 ZHEYEERMTZEENTHMELE
Fig. 1 Variation of triaxial shear strength with dry density
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Table 2 Triaxial shear strength and strength parameters

of standard quartz sand (UU)
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Fig. 3 Three types of helical anchor specimens
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Table 3 Helical anchor uplift test program
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Fig.5 Load-displacement curves of single-helix anchor

under uplift
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Table 5 Uplift capacity of helical anchors with varying
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Fig. 10 Contour plots of SVAVG stress and PEEQ equivalent plastic strain for helical anchors with varying number of helices
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Fig. 12 Contour plots of SVAVG stress and PEEQ equivalent plastic strain for helical anchors at different helical spacing
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