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Mechanical Behavior and Influencing Factors of Different Pile-anchor
Supporting Structures
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Abstract: The finite element models of integral pile-anchor supporting structure and separate pile-anchor
supporting structure are built by using ABAQUS software, and their difference of mechanical performance is
analyzed. The influences of pile’s diameter, nesting depth of pile, size of top-beam, amount of anchor bolts
and their prestresses on the supporting structures are analyzed. The result shows that (1) the displacements
of the 2 kinds of supporting structure diminish from ends to middle part, but the moments and shear forces
increase from ends to middle part, and the loads and displacements of middle part remain unchanged; (2)
the moments and shear forces of 2 anti-slide piles in the end of the supporting structures should separately be
multiplied by adjustment coefficients of load-bearing capacity, 1.35 and 1.2, when they are designed; (3)
the largest displacement of integral pile-anchor supporting structure is smaller 20% or more than those of
separate structure, the largest moment smaller 3% or more, and the largest shear force smaller 6% or more;
(4) enlarging the anti-slide pile’s diameter, the displacements and moments of the 2 kinds of structure would
diminish; (5) increasing the nesting depths of piles, their displacements would diminish, but their moments
may increase; (6) enlarging size of top-beam, integral stiffnesses and anti-deforming capability of the 2 kinds
of the supporting structure would be improved, but the function is limited; (7) increasing the number of

anchor bolts or prestressing the anchor bolts, the displacements and moments would obviously decrease, and

W A . 2014 - 09 - 09

BEIH . HEARFEEEIE (41202190, 51308065) ; PEMLERA=EELIUE (2012M511956, 2014T70896 ) 3t g fa A BE AL A
A 55 B L TFE I H (201462280014 5 (L2 Bl LRI G0 H  (20130205130001 )

EERIA . B8 (1979 ), 55, YRR, HLE, Rl#dE. (huanghua23247@ 163. com)



B2

WOAR, A RRBER SIS I PERE MG N B 59

also change their distributional patterns. The influence of the changes of the above factors on integral pile-

anchor supporting structure is much smaller than on the separate pile-anchor supporting structure.

Key words: road engineering; separate supporting structure; numerical analysis; mechanical performance ;

adjustment coefficient of load bearing capacity
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Fig.1 Two kinds of pile-anchor supporting structure
2 BRTHWER

A BRITIH AT 2, MRS TRESPRE S AT
fifle AT . LARTHZIRERC10.0 m, 58
FER10.5 m; @R H11.0 mx1.3 m x0.60 m,
TR 0, BURPR RN - 105 FFF N iR
FAR 28 mm (NI, R 20 m, BEATS KR
Sy 150, LN PHERFT S ERECY 2.5, 2 m, K
B 2 my PO BT RT O KRE 20 m F
1 m BEGEESE 2 m R E SRR N 10 m;



60 /NI S B < 3 32 %
BEM] AR AT 0. 15 m JEEAN TR BE - A 2 05 FIAEER ®1 MHSH
PR 20 a WSS A, 03 BE M 2 %8 A5 e Tab.1 Material parameters
SR ~5, Hp T SHEEAM 1 m, 55 HEEEA M) g TR REBUR L SURSE G
/N 14
0.5 m, WHSHERY R BE T = B S o B AR TR (kg-m™) E/MPa MPa MPa
R i3 2 400 30 000 0.2 3.0 30.0
A | magnﬂ Sk 2 400 30 000 0.2 3.0 30.0
BE P 2400 28000 0.2 2.5 25.0
: e i 7800 210 000 0.25 360 360
= HFF 7800 200 000 0.25 — _

Eﬁf
ki)
Pt
i

iR

i

(b) BERAEAUBIRL (o) A7 B AU

2 XIPEHBRITESR
Fig. 2 FE model of supporting structures
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Tab.2 Loads and displacements of supporting structures

s ficEs/mm /(N - m ) B J1/kN
T st SEE% B HER ER%
1 33.46 40. 15 19.99 292.80/ -244.40  333.79/ -283.62 14.00/16. 05 384.77 422.01 9.68
2 33.73 40. 48 20. 01 269.91/ -213.61  277.75/ -235.99 2.90/10. 48 353.84 394.70 11.55
3 33.76 40.51 19.99 258.74/ -207.63  268.61/ -228.23 3.81/9.92 342.93 362. 37 5.67
4 33.70 40. 44 20. 00 245.06/ -200.38  251.15/ -213.40 2.49/6.50 355. 68 402.27 13.10
5 33.38 40. 06 20. 01 282.79/ -236.05  311.93/ -265.04 10. 30/12. 28 379.51 409. 11 7.80
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Fig. 3 Distributions of loads and displacements of supporting structures
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Tab.3 Loads and displacements of supporting structures with different diameters

i/ mm A/ (KN - m)
S A/ : : : :
it 5y —HE/% it ONE: SR/ %
0.8 33.40 45.37 35.84 368.25/ -314.18 474.99/ -412. 11 28.98/31. 17
1.0 33.46 40. 15 19.99 292. 80/ —244. 40 333.79/ -283.62 14. 00/16. 05
1.2 33.09 36. 40 10. 00 269.27/ -232.74 325.11/ -276.24 20.73/18. 69
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Fig.4 Distributions of loads and displacements of supporting

structures with different diameters
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Tab.4 Loads and displacements of supporting structures with different nesting depths

. {7 #%/mm L%/ (kN - m)
1% PR/ m - - - -
HefhX R ZHE % R syt ZHKE %
8 34.79 41.29 18. 68 368.20/ -297.72 472. 34/ -393. 89 28.28/32. 30
10 33.46 40. 15 19.99 292. 80/ -244. 40 333.79/ -283.62 14.00/16. 05
12 31. 69 35.50 12. 02 348. 40/ -312.95 459.70/ -397. 25 31.95/26. 94
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Fig. 5 Distributions of loads and displacements of supporting

structures with different nesting depths
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Tab. 5 Displacements of supporting structures with different

sizes of top-beam
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Fig. 6 Distributions of displacements of supporting

structures with different sizes of top-beam
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Tab. 6 Loads and displacements of supporting structures with different amounts of anchor blot

%/ mm A5/ (KN - m)
B AR
Bk =" —HR/ % ek =t R/ %
P HERFT 33. 46 40. 15 19.99 292. 80/ —244. 40 333.79/ —283. 62 14. 00/16. 05
— AT 41.49 51. 86 25.00 349. 60/ -298. 90 386. 63/ —336. 66 10.59/12. 63
TCHNFF 55. 68 55. 68 — 475. 13/ -415.27 475.13/ -415.27 —/—
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Tab.7 Loads and displacements of supporting structures with different pre-stresses

%/ mm A5/ (KN + m)
T Sy
Bk =t —HR/ % Bk =" TR %
it i 18.43 23.48 27.40 141.44/ -214. 30 192.27/ -253.23 35.94/18. 17
A 33.46 40. 15 19.99 292. 80/ —244. 40 333.79/ -283.62 14.00/16. 05
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