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Abstract: To investigate the uplift bearing performance of helical anchors in self-weight collapsible
loess, in-situ experiments and CEL numerical simulations were conducted on helical anchors embedded
in collapsible loess, based on an ultra-high voltage project. This study revealed the force-displacement
relationship of helical anchors under uplift load in collapsible loess, clarified the stress and strain distri-
bution patterns of the soil surrounding the helical plates, and elucidated how these patterns varied with
the spacing between helical plates. Furthermore, the failure modes of helical anchors in collapsible loess

were identified, and a bearing capacity calculation formula tailored to different displacement control con-
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ditions was established. The results indicated that when the limit state of helical anchors was governed by
displacement, the contribution of soil internal friction angle to bearing capacity could be neglected.
During uplift, the maximum strain initially occurred in the bottom helical plate, followed by the interme-
diate helical plate, and gradually extended upward to encompass the entire region. When the spacing
between helical plates was 1D (D=anchor plate diameter) , the helical anchor experienced overall shear
failure of the soil between plates. Conversely, at a spacing of 3D, independent failure of individual heli-
cal plates occurred. At a spacing of 2D, the failure mode of the helical anchor lay between these two
extremes. The bearing capacity calculated using the overall shear method for soil between helical plates
agreed well with the experimental bearing capacity determined by the 10%D method. Additionally, the
minimum calculated bearing capacity, which incorporates both the overall shear failure of soil between
helical plates and local failure of soil around helical plates, agreed well with the experimental bearing
capacity determined by a 50 mm displacement criterion.

Keywords: self-weight collapsible loess; helical anchor; mechanical properties; failure mode;

axial bearing capacity
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Table 1 Geological parameters of the test site (N0804)
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Table 2 Geological parameters of the test site (N0809)
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Table 3 Parameters of helical anchor specimens
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Fig.3 Uplift test setup for the helical anchor
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Fig. 4 Load-displacement curves of helical anchors (N0804)
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Table 4 Summary of helical anchor test results
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Fig.7 Comparison of numerical analysis results with experimental results
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Fig. 8 Stress,strain distribution of 6-plate helical anchors
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helical anchor bearing capacity

A BRICH ST T AR e #T BRE  EAL O )
FEPE B IR T AR R 7 RS R RO =X, 45 2 L
T EELEE

1) & %A TR b 56 4, R B DL/T 5219—2023
AR ESRORE TR B R T WEEM (o) A
FI BT R R FH 3 /N i i PR A2 3% ff 8 R 00 (B 2 S B0
SEAE 5 1 I 25 K ) 3 A

2 BRI AE R, AR Y 28 1 AR 2
B[] b AR T T R R AR ISR R 0 R KN AR
SR JE S P R R A e b R AR R B A
X 3k .

3) &R FE S 3D B, AR 4 R i A EUE 43 B 4
S URIE B R AR B T G AR = A L A AR
SR Y R 5T VIR IR L B A B E A A OE 19
R A TR TR A AR N7 A AR A v XSO W RS R
A X512

4) Y FL R BE O 2D B, AR 5 B AEUE 43 B 4
A BRI A AR A TA) - AR B ) R A, A B TR
FF T L A A4 0 8 AR B 3K . S B Rl 2D~3D 2
15113 5 75 W o O W e 1 8

5) % DL/T 5219—2023 22 2, % o (H K 0, 2%
[i] 8 A 5 U] SR 3 5 10%D 28 2 1 50
HRAR ST WA B 3T DL/T 5219—2023 2 X, R
£ ] e e N ) 1 7 N S 5 e ) i1 92 N LT R L 137N
AL O 0 1537 2 ) B /M 5 50 mm B 2 IR B 2K
BV A BT

AT H G TR T A A BRCIR A Y A 5 38 R T
B, IF R B IE R BRI RIRES . A=A
PE B A BB i K 2 0 A BRDIR AR TR Y R st =X
Kt 5078 A R AR R 58 5T 1 — A T )

227



PRI, 45 A ER R B b SRR A b ORGP S B U

[10]

[11]

[12]

228

2 £ x
SAKR M. Installation and performance characteristics of high
capacity helical piles in cohesionless soils[J]. DFI Journal-the
Journal of the Deep Foundations Institute,2011,5(1):39-57.
[T R - N S o R W R G E Rk oy i i)
ARV R Bt i (0], B TR ML A= 4, 2018, 16(2)
130-135.
SCHMIDT R, NASR M. Screw piles: uses and considerations
[J]. Structure Magazine, 2004,23:29-31.
LIVNEH B, EI Naggar M H. Axial testing and numerical model-
ing of square shaft helical piles under compressive and tensile
loading[J]. Canadian Geotechnical Journal,2008,45(8):1142-
1155.
ffEERE SO B AR By . B v SRR L ROK AR 5 2 A A
Z IR FTLI]. B 7 5 %), 2020, 37(5) : 1894~
1899.
Arup Geotechnics. Design of screw piles: assessment of pile
design methodology [ M ].
2005.

TROFIMENKOV J G, MARUIPOLSHII L. G. Screw piles used

London: Ove Arup & Partners Ltd. ,

for mast and tower foundations[ C]// Proceedings of the 6th Inter-
national Conference on Soil Mechanics and Foundation Engineer-
ing. Montreal, Canada: 1965:328-332.

ADAMS JI,KLYM T W. A study of anchorages for transmission
tower foundations[J]. Canadian Geotechnical Journal, 1972, 9
(1):89-104.

MITSCH M P, CLEMENCE S P. The uplift capacity of helix
anchors in sand [CJ//Upli['l Behavior of Anchor Foundations in
Soil. Reston, VA: American Society of Civil Engineers (ASCE),
1985:26-47.

MOONEY J S, ADAMCZAK S, CLEMENCE S P. Uplift Capac-
ity of Helix Anchors in Clay and Silt[ M ]. Reston: American Soci-
ety of Civil Engineers(ASCE), 1985.

SAKR M. Lateral resistance of high capacity helical piles:
case study[CJ// Proceedings of the 63rd Canadian Geotechni-
cal and 6th Canadian Permafrost Conference. Calgary: 2010:
402-412.

PACK J S. Design of helical piles for heavily loaded structures
[C]//New Technological and Design Developments in Deep Foun-
dations. Denver, Colorado: 2000: 353-367.

PERLOW Jr M. Helical pile acceptance criteria, design guide-

lines, and load test verification [ M ]//Advances in Geotechnical

[14]

[15]

[18]

[26]

Engineering. Reston: ASCE, 2011: 94-102.

MERIFIELD R S. Ultimate uplift capacity of multiplate helical
type anchors in clay[J]. Journal of Geotechnical and Geoenvi-
ronmental Engineering,2011,137(7) :704-716.

J VA SRk E AN, AL R R R A A b 1R
32 01 VERE Y JEAL SR B 5T BB AL A BT [0 ). B A 1 5 T
B2 41,2020, 39 (41 1l 2) : 3655-3668.

B AR AROR T bR L A L D B T BT Sl BRI
R HMEHIEL)]. A TR, 2024,46(8) : 1582-1595.

JE AR W SORAR AL R R SRR R B e R
FORBHERL]. EARSHE TRESMOPIRI),2021,43
(5):34-44.

PR E B ~r s, BOE 45 2 I ot DX il B Tl 7R 27 it
g B 58 [J/OL]. B J ) 2 % 4, 1-16[2024-09-15]. http://
kns. cnki. net/kems/detail/61. 1112. 03.20240322. 1032. 002.
html.

At . R B AR By O B R e R Rl T e T [ EBY
OL]. [2024-08-03]. baidu.
1806350581619718997&wir=spider&for=pc.
DAS B M, SHUKLA S K. Earth Anchors[M].
J. Ross Publishing, Inc, 2013.

FE] 52 v I B2 ) . s i v R B R Bl B ST Y < Q/
GDW 10584—2022[ S]. JuxT: Hrlsl L g i AL, 2022.

[ R AR VAR . s i PR 2R B R A BT LR - DL/T 5219—2023
[S]. dbnt: hE Iy e, 2024

YU H, ZHOU H, SHEIL B, et al. Finite element modelling of

https : //baijiahao. com/sid=

2nd ed. Florida:

helical pile installation and its influence on uplift capacity in
strain softening clay[J]. Canadian Geotechnical Journal, 2022,
59(12): 2050-2066.

KWON O, LEE J, KIM G, et al. Investigation of pullout load
capacity for helical anchors subjected to inclined loading condi-
tions using coupled Eulerian-Lagrangian analyses[J]. Computers
and Geotechnics, 2019, 111: 66-75.
QIU G, HENKE S, GRABE J. Application of a coupled
Eulerian-Lagrangian approach on geomechanical problems involv-

ing large deformations [Jl.

38(1): 30-39.

Computers and Geotechnics, 2011,
The Institute of Electrical and Electronics Engineers, Inc,
(IEEE). IEEE
design and lesling[SJ. New York, USA: The Institute of Electri-
cal and Electronics Engineers, Inc. (IEEE), 2001 .

guide for transmission structure foundation



