FRARYRE BB FI  ommnmn oonn

Caj = Cdmlm%{“
THE CHINESE JOURNAL OF GEOLOGICAL HAZARD AND CONTROL

P ARIER N B =R =T IR T

BAA, BB, & f, HER

Whole process finite element analysis of the load-bearing behavior of slope-stabilizing piles using three-dimensional triple
nonlinearity

DAI Zihang, CHEN Qiming, XU Dan, and CHEN Zhongyuan

TELEIEEE View online: https:/doi.org/10.16031/j.cnki.issn.1003-8035.202407012

LT RIS HAN SO

Articles you may be interested in

o T B TR 1 v B 5 vk

Calculation method of stabilizing piles with broadened top at the built—in section
RIS, IR P E R E SPA R 2022, 33(4): 84-91

BT DICHMT Y 5 A f R 840 B IR e T 5

Influences of stone content on stability of gravel soil slope based on DIC analysis

Blitte, BB rp LSO S RSN 2023, 34(4): 49-57
XUCHED T A (02 3 A1 0y B A T

Physical model test on landslide thrust distribution on double—row stabilizing piles

I 1R R S B6E ) 2022, 33(2): 79-87
ST TR A HT A0 30E K B R A 25

Cloud model for stability evaluation of recently failed soil slopes based on weight inversion of influencing factors
WA, 3 AL, fRT SO b ISR S BRI 2023, 34(4): 125-133
e EMBARH TRT A AT TR o/ o TR B 5 7 1

Calculation method on the minimum inserted depth of rigid anti—slide piles in the stable layer with oblique top surfaces in the downslope

area

I, SR, Ak T R S PR 2R 2021, 32(4): 113-119

Te AU AT $5 52 B g B4 14 = 4 o 5 8y R e 4 1o

Three—dimensional reconstruction and structural surface identification of high steep slopes based on UAV close—range photogrammetry

TR, FERE, T, SRR, R G E R E S PR R 2025, 36(1): 92-100

KHEMAF AT, PAFHE LT E


http://www.zgdzzhyfzxb.com//article/doi/10.16031/j.cnki.issn.1003-8035.202407012
http://www.zgdzzhyfzxb.com//article/doi/10.16031/j.cnki.issn.1003-8035.202107006
http://www.zgdzzhyfzxb.com//article/doi/10.16031/j.cnki.issn.1003-8035.202203030
http://www.zgdzzhyfzxb.com//article/doi/10.16031/j.cnki.issn.1003-8035.2022.02-10
http://www.zgdzzhyfzxb.com//article/doi/10.16031/j.cnki.issn.1003-8035.202207010
http://www.zgdzzhyfzxb.com//article/doi/10.16031/j.cnki.issn.1003-8035.2021.04-15
http://www.zgdzzhyfzxb.com//article/doi/10.16031/j.cnki.issn.1003-8035.202309014

95 36 & 5 3 e [ 5 UCE 5 B IR A A Vol. 36 No. 3
20254 6 A The Chinese Journal of Geological Hazard and Control Jun., 2025

DOI: 10.16031/j.cnki.issn.1003-8035.202407012

HOEM, Mo B, 4Rt . U R MR Sad B = 4k = E AR MR BRITA M [I]. R M K T S B R 2R, 2025, 36(3): 95-107.
DAI Zihang, CHEN Qiming, XU Dan, et al. Whole process finite element analysis of the load-bearing behavior of slope-stabilizing piles
using three-dimensional triple nonlinearity[J]. The Chinese Journal of Geological Hazard and Control, 2025, 36(3): 95-107.

MEtEARRIEREdE =24 =FFLEFTRITHMH

BAMR EE R, 1 A RRR
(1. A M SNBSS FIe R 52, 48 480 350202; 2. @M KFEARTAEF R, 481& 40
350108; 3. #& M #k TR AP MARA [RN 8], 7 1201 2210005 4. 4% 3 4 B AHF I A R 5],
@i 42 350101)

FE: 3 () S P0H ETE 6 R R a8 TR B TR N W ARV A ROR K P RS o SR I B AR B AR I R B,
BN WETRALHS i A 2 10 mm I, 3 2l 180 BF O Ak S VR 8 Lt 0 T OT 2L, R S AR B R BRIl AR R . AT, 24, AT
TE BT T B A0 R AL 3 A i 47 ST B e T WA D R A, LB B 23 AT 4 R G 5 S BR AR TE — Atig_timﬁféjt
BR D 22 o O 5 IR G RE B 1) A, L% WE S 491, SR JT Diana A7 FR T #2772 S5 B G A 09 1R BE b MR AR, 230 SR T AR Y o
FRE R AR A PR, a0 AR AR B | Von-Mises 458 180 R B AL - A58 70 2F L SOBEIUAE L AW A L, OF 25 B - R - A
AR ELARE T 00 0 AR S v R LA AR 2, JT R T 0T A R SR Y A BREE T o o AT BT A TR EAE B 6 B 5 S
%.%WEJZE&I%%;T%J&*ﬁ]ﬁ%ﬂﬁfbﬁﬂimIL%%%E‘ME&*PE%’%%EE%‘UU'J%%@UZT:?FPE%%M L B AR B Y o 3R L
I B R T YIS o & YO B AL 8L AR B2 9 75 Bl A 41 38 DR 0 B T AR S B0 < B [ IR AR AR B LD R IX
5 R ﬂ’]*fﬁu?ﬁ'%LL.ﬂ—ﬁlﬁ/ﬂMM)ﬁ%hWnﬁ)iﬂﬂﬁﬂ%*ﬂﬁ‘ b AR i 5 U e IR 5 B a3 0 B b B 9 R AR R
5 SR SR AT . LR S5 R R, Y*ﬁ/ﬁﬂli%%ﬂf(ﬁ*&ﬁiﬁﬁﬁ 5o MoK, FA HE) A {E .

KEBIA: LI L =4k = AR L AR S8 2 AR, T b AR R BT D) IR X
RE S ES: TU4T3; P642.22 iﬁkh =75 A X EHS: 1003-8035(2025)03-0095-13

Whole process finite element analysis of the load-bearing behavior of
slope-stabilizing piles using three-dimensional triple nonlinearity

DAI Zihang'?, CHEN Qiming®, XU Dan*, CHEN Zhongyuan'

(1. School of Intelligent Construction, Fuzhou University of International Studies and Trade, Fuzhou, Fujian 350202,
China; 2. College of Civil Engineering, Fuzhou University, Fuzhou, Fujian 350108, China; 3. Xuzhou XCMG
Maintenance Machinery Co. Ltd., Xuzhou, Jiangsu 221000, China; 4. Fujian Provincial Transportation
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Abstract: Slope-stabilizing piles typically are commonly permitted significant horizontal displacement while satisfying the
requirement of bearing capacity. The in-situ pile tests of such piles indicate that with a minor thrust and a pile top displacement
of less than 10 mm, cracking occurs near the sliding surface of the pile body, leading to non-elastic flexural deformations.

Despite this, slope-stabilizing piles are still conventionally treated as elastic in the current design calculations and numerical
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simulations, resulting in significant discrepancies between expected and actual behaviors. To address such issues, using tested
piles as a case study, a concrete pile model with actual reinforcement was established using the Diana finite element program.
This model incorporates material nonlinearities such as the total strain crack model, the Von-Mises model, and the hardening
soil model to realistically simulate the behavior of the concrete pile, steel bars, and soils, respectively. The analysis further
considered the boundary and geometric nonlinearities inherent in pile-soil and soil-rock interactions. Results show high
agreement with measured data for displacements at the pile top or along the pile body; the bending moments of the pile body in
the pile segments near the top and bottom of the pile, where no cracks appeared, aligned well with measurements. The
corresponding load that led to the advent of cracking, and the positions of cracking also highly consistent with experimental
observations. For the first time, numerical simulations revealed that as the thrust increases, a double semi- "inverted cone"
wedge-shaped shear failure zone forms in front of the pile, consistent with experiment descriptions of triangular wedge
deformations and soil shear failures leading to localized reductions in soil resistance. The phenomenon of the decrease of the
soil resistances in some places induced by the shear failure of the soil mass was also coincident with the actual situation. The
above results demonstrate that the proposed method can evidently enhance the level of the design calculation and analysis of
slope-stabilizing piles and demonstrate potential for wider application.

Keywords: slope-stabilizing pile; three-dimensional triple nonlinearity; total strain crack model; hardening soil model;
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Fig. 1 Schematic diagram of test pile (unit: m)
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Fig. 5 Bilinear model of steel bar
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