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1.2 IREER

S il 1 F R A AT S T AR Sy i R o [ AR
(PP HE HRET Pl 2 s o 72 o 2R 55 T R
Iy UL A B A AL« P81 2 R, it o
VJZ DR, Bl il g g n , SR DUk,
HADBHER 1 i 5 T i R T 5 R a5 Tl i o 32
H TR0 O A A 7 U ihi IR A, LR - o R
JIEET AU SEORHAE A 1 Ui i 5 TR R 5 1Rk
i A ERREORE A 0K 3t A5 LU B, 575 )5
PRUC s ;™ A 1 95 DU BB/ o % LG T SRR S5 LA
TH AR AR, RS 2 VOB T TR/ DTS 1K



250 TRER2ESH AR

%57 %

HORMF U, YRR SE S 1 R il )5, BARE 5K
BT —E R R

18 ’ [y
—— Eli‘(}\/ﬁ“{ﬂ‘%'
l|:|3‘{}\(":l]|:f|‘

16| —o— FEMFIiE

o
=10 A3

1 2

5 6

4

3
it R
B2 BRFMEMBHFNEMRPTREEN
Fig.2 Variation of single tamping settlement and cumula-
tive tamping settlement with impact times
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Fig.3 Acceleration time-history curves at different
depths along the central axis of the hole
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Fig. 4 Distribution of absolute values of peak downward
acceleration along different directions
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Fig. 5 Development laws of vertical displacement in the
1.5d plane below the hole
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Fig. 6 Development laws of soil displacement at the 1.5d
vertical plane on the hole side
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Tab.1 Mesoscopic parameters between particles of sand-
gravel soil
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Abstract:

Objective An accurate understanding of the pile formation mechanism of downhole dynamic compaction (DDC) piles is critical for optimizing
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their application in foundation reinforcement. Traditional foundation strengthening methods suffer from extended construction periods and high
costs, while DDC piles have gained popularity due to their advantages in efficiency, cost-effectiveness, and environmental sustainability. How-
ever, their pile formation mechanism remains insufficiently documented, particularly at the micro-level. In addition, sand and pebble soil, widely
distributed in the Chengdu region, is often discarded as construction waste, which causes environmental issues. This study aims to explore the
pile formation mechanism of DDC pile foundation treatment technology using sand and pebble soil as fill material, addressing both technical
gaps and environmental concerns.

Methods Laboratory model tests and Flac3D—PFC coupled numerical simulations were employed to analyze the working principle and effect of
DDC piles at both macro- and micro-levels. The model tests focused on measuring soil acceleration and deformation. The numerical simulations
investigated changes in skeleton force chains and soil stress responses at different depths and radial distances during the impact process, provid-
ing intuitive and quantitative evidence for understanding the pile formation mechanism.

Results and Discussions The results indicated that the column hammer impact process can be divided into three distinct stages: soil deformation
increase, rebound, and stability. This process primarily utilizes stress waves for energy transfer, with energy decaying rapidly from the downhole
bottom to the surrounding foundation soil, facilitating the compaction of ground soil, especially around fill materials. For the studied ground and
hammer conditions, when the distance from the downhole bottom exceeded 3d (where d is the downhole diameter), the dynamic response of foun-
dation soil became negligible, indicating a minimal reinforcement effect beyond this range. Dynamic monitoring of force chain skeleton struc-
tures in fill materials (sand and pebble soils) revealed that the fill material skeleton underwent breakage and reconstruction during impact. As
inter-particle voids decrease, the number of force chains in fill materials increases, significantly enhancing their stability and supporting capacity.
Based on foundation soil dynamic responses, an effective reinforcement zone was identified: vertically, it ranged from —0.5d to 3.0d (with nega-
tive distances indicating positions above the initial downhole bottom); horizontally, its diameter was approximately 1.5d from the downhole cen-
terline. Within this range, foundation soil experienced significant dynamic responses, consumed most impact energy, and underwent substantial
deformation, achieving the desired compaction and strength.

Conclusions The results demonstrate that DDC pile technology effectively modifies soil structure and enhances soil compactness and load-
bearing capacity. Dynamic responses of foundation soil during impact reveal the complexity of the pile formation mechanism, particularly the
evolution of foundation soil acceleration, deformation, and force chain skeletons in fill materials. This perspective provides valuable insights for
optimizing and understanding DDC piles. The findings provide theoretical support and practical guidance for engineering applications of DDC
piles using construction wastes (sand and pebble soil, waste concrete) as fill materials.

Key words: downhole dynamic compacted pile; reinforcement mechanism; soil displacement; dynamic response; skeleton force chains
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