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Abstract

To address the issue of secondary distresses induced by water immersion and saturation of deep
loess foundation soils in restricted height and width zones of existing traffic engineering projects,
this study investigates the treatment effectiveness of cement-graded gravel tamped compaction
piles, and conducts a systematic analysis via laboratory model tests. In the experimental program,
load tests were performed on foundations under three conditions: natural unsaturated state, foun-
dations with 1 m and 2 m thick saturated underlying soil layers, respectively. Graded loading tests
were then carried out on single-pile and pile-group composite foundations reinforced with cement-
graded gravel tamped compaction piles. The test results indicate that when the saturated soil thick-
ness is 1 m, the foundation settlement increases by 16.23% compared with the unsaturated condi-
tion; when the saturated soil thickness increases to 2 m, the settlement increases by 27.64% rela-
tive to the unsaturated case. The cumulative average settlement of the pile-group composite foun-
dation is 54% higher than that of the single-pile composite foundation, demonstrating a significant
pile-group effect. The bearing characteristics of single-pile and pile-group composite foundations
follow a similar trend: with the gradual increase of the upper load, the axial stress along the pile
shaft first increases and then decreases with depth, and the stress peak occurs at a depth of 0.2~0.3
times the pile length below the pile head. Furthermore, the stress distribution of piles at different
positions within the pile-group composite foundation is distinct: the peak shaft stress of the central
pile is the largest, followed by the side piles, and the corner piles show the smallest value. Compared
with the single-pile composite foundation, the bearing contribution of the inter-pile soil in the pile-
group composite foundation is more fully mobilized, and the pile-soil synergistic interaction is
more pronounced.
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Figure 1. Particle size distribution curve
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Figure 2. Schematic diagram of the model box
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Figure 3. Layout of earth pressure cells
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Figure 4. Schematic diagram of the model test

B 4. 2B E

DOI: 10.12677/hjce.2026.154078 40

TARTHE


https://doi.org/10.12677/hjce.2026.154078

fti

H A e e Al i FH 1) R VR VR 48 B B ANE L KSR L OB ANESE[11] [12].
25 RIS S AE PR A1, X6 R AR FlE -+ 2B PVC BT 5 3, BRERE I R . fE WA+
JEFEM PVC B SR, AT HAEA, DU ntR Sk R R, B A KR, 4 3000
W EAE RN R0 BE A2 PR 2R — R RS K RIABI TR BRME, —IEIEKIKKRIE
B85 h WEEAIRRRRGE H G R TRsA . il T RRITEE K . A B HEN PVC B i
%, WRRTEANEMN 2 BAMIAE T — 2+ T A, DURRRIGERIERIRRIEET . = ARG
(R ARAT VT R VE LI 40 A0SR 1 3ok 24 5 Ao 2 TR Ak, #3058 A7 2RI 40 10 A5tk
AT, B — G Aar 3350 75 D00 28 b 1 B 23 SR A GRS R AR e At 5, FREAT R — A 4
it

3. MG R
3.1. FRIIA T EHREHRLE TS

e 1R, FEBEMAN R R LR SN, N b S A AR DR AR T, R R A A
JRAFI RGOS GG A TG R otk R S A R IR R R B B S S . U B E0E
DR RS, VIR AEERIEE AR, Wi 5 PR, WHZEN 1 mE, JRFERIERRK TN
$ETt 16.23%; HAIZE 2 m B, PUMEEIGIEIL R 27.64%. 53R W R T 1 1 i R A 1 S AR B

Table 1. Cumulative settlement values under different working conditions
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Figure 5. Settlement comparison under different working conditions
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Figure 6. Settlement comparison between single pile and group pile composite foundation
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Figure 7. Vertical stress distribution of pile in single-pile composite foundation
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Figure 8. Vertical stress distribution of soil in single-pile composite foundation
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Figure 9. Load sharing ratio in the case of single pile
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Figure 10. Stress distribution of soil between piles under group pile condition
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Figure 11. Vertical stress distribution of piles in group-pile composite foundation
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Figure 12. Vertical stress distribution of edge piles in group-pile composite foundation
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Figure 13. Vertical stress distribution of corner piles in group-pile composite foundation
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Figure 14. Load sharing ratio of group-pile composite foundation
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Figurel5. Pile-soil stress ratio of single pile and group piles
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Figure 16. Pile top stress of single pile and group piles
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