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Discrete element analysis of the development and evolution of “soil arching”
within a piled embankment

FU Hai-ping, ZHENG Jun-jie, LAI Han-jiang
(Institute of Geotechnical and Underground Engineering, Huazhong University of Science and Technology, Wuhan 430074, China)
Abstract: “Soil arching”, as the major medium of load transfer for a piled embankment, has significant influences on the
behaviors of load transfer and of embankment fill displacements. Based on the laboratory model tests, a series of numerical
models by discrete element method (DEM) are established with the particle flow code PFC*” to investigate the features and
evolution of “soil arching” by analyzing the distribution of principal stress direction, contact force chains and embankment fill
settlements. The numerical results indicate that the “soil arching” develops gradually with the increase of pile-soil relative
displacement and maintains a relatively stable state finally. Meanwhile the relatively stable “soil arching” is roughly
parabola-shaped with a height of 0.8 times the clear spacing of cap beam. Additionally, the embankment height has significant
influences on the features and evolution of “soil arching”, as well as the load-transfer efficacy. However, the roughness of

embankment fill, the clear spacing of cap beam and the width of cap beam have significant influences on the load-transfer

efficacy, but not on the “soil arching” features.
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Fig. 2 DEM model for piled embankment

Clump$

& 3 Clump Bt REE
Fig. 3 Diagram of Clump element
1.3 DEM #REVIGIE
4 7y DEM FERL 55 (R B S A% 250 5 ik

KAt . MBI E 1, DEM S5EALREE 45 1A
R FE AR — B, fof F AL B BRI BN T AEXT AL RS As
(IR N T W K, FEAE As 2028 3 mm I IA ) & [ I
B, ZJataTRE. SHFAR, DEM BRI
FEIBRCRIGME (73.41%) SRIGHHE (69.18%) FHEA
FIF, P22 AL 4.23%.

80

70
R 60}
i
% 50 |-
d4y 40
% —— RHHE
E 30 —a— DEM%; 5
3 20

10 -

0 5 10 15 20 25 30

BELARXHLEE A s/mm
& 4 FRIRTIEEEE DEM 4R 5N ESIEE

Fig. 4 Comparison of load-transfer efficacy between DEM results

and experimental data

DEM #i#dr, ] PFC?® ' Fish if 5 3R HUK IR
R KB AAFEE As, BHRID N 16 5, FELA
ANFE B EFR IS, AT 220 H 2% SR ORI R 7 A7
L. Wk s Pros e LA As=30.0 mm B,
DEM #4012 S SRR 3 A I S5 ke 45 0T L
MEHRIE H, DEM BEPL i S SR % 0 AR IR 5
PR IG5 IR —F

Zi Lr#r, DEM 25 R 5 BIEC NI &, Bes
SEEI A AR X B AL

600 -
550 1
5001
450§
2400 |
ge,so g

E ¥
ig300 2
2501«
15200 1
A

150 4
100 4
50 4

0 . 50 160 150 200250 3() 350
IKEA B Hp/mm
(b) EEIAB BRI i

0 50 100 150 200250 300 350
IR B Hp/mm
(a) RERH

| <1/16As

(1/16 ~2/16) As
(216 ~3/16) As
(3/16 ~ 4/16) As
(4/16 ~5/16) As

] (516 ~ 6/16 ) As

5 ® (6/16~7/16)As
@ (7/16~8/16) As
@ (8/16~9/16)As
©® (9/16~10/16) As
@ (10/16 ~11/16) As
@ (11/16~12/16) As
(11/16 ~ 13/16) As
© (13/16~14/16) As
@ (14/16~15/16) As
@ (15/16~16/16) As

PR BRI T P B8 D/mm

0 50 100150200250 300350

TKEAE B Hpfmm
() BUEBFDRITRE A1

5 IRIZERIES % DEM S5itiE4E Ryttt (As=30.0 mm)
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results and experimental data (As=30.0 mm)
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