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Fig. 1 Schematic diagram of pile side reinforcement
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Fig. 2 Pile side compaction grouting mold device
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Fig. 4 Lateral resistance of pile foundation under different grouting pressure
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Fig. 11 Relationship between S /D—z/r,, on pile side of silty
sand stratum under different working conditions
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Tab.7 Physical parameters of model formation
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Fig. 13 Distribution of ultimate lateral friction of piles under different reinforcement positions
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Fig. 14 Distribution of ultimate lateral friction of piles under different reinforcement lengths
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Load Transfer Model Based on Similitude Principle and Numerical Analysis of
Reinforcement Effect of Pile Side Compaction Grouting
WANG Yansheng', LI Zhaofeng', ZHANG Ming', LIN Chunjin'", LYU Sizhong®, YAO Wang"
(1.Institute of Geotechnical and Underground Engineering, Shandong University, Ji'nan 250061, China;
2.Shandong High-speed Company Limited, Ji’nan 250014, China)
Abstract:
Objective Bridges play a vital role in the development of transportation infrastructure. The pile foundation is the main load-bearing structure of a
bridge and plays a vital role in ensuring its structural safety. As the economy and society continue to advance, many highways experience severe
traffic congestion and frequent safety accidents due to a significant increase in traffic volume and limited traffic capacity, necessitating the imple-
mentation of expansion projects. However, numerous existing bridge pile foundations fail to meet the load-bearing requirements of these expan-
sion projects. Grouting technology, recognized for its efficiency, cost-effectiveness, and convenience, is widely applied to enhance the load-
bearing capacity of pile foundations. Despite its extensive application, the mechanism by which grouting reinforces in-service pile foundations re-
mains unclear, and quantitatively evaluating the grouting effect proves challenging. The design of grouting parameters along the pile side and the
evaluation of the reinforcement effect on pile foundations remain key research difficulties. Therefore, it is of substantial scientific and engineering
value to systematically and comprehensively investigate the reinforcement mechanism of grouting in existing bridge pile foundations.
Methods Focusing on the reinforcement project of friction piles on silty clay-fine sand formations, this study employed model experiments, finite
element simulations, and field tests to clarify the mechanisms by which lateral densification grouting enhanced the load-bearing capacity of exist-
ing friction piles. It proposed design methods for lateral grouting parameters and conducted load-bearing capacity analysis for silty clay-fine sand
formations, achieving reinforcement through grouting in pile foundations within such formations.
Results and Discussions The main research contents and achievements were as follows: a lateral densification grouting model device was devel-
oped, assuming the grouting reinforcement body to be cylindrical along the pile’s length, using the lateral expansion of cylindrical airbags to simu-
late the lateral densification grouting reinforcement method. The study investigated the effects of grouting pressure and the distance between
grouting holes and the pile’s side on the effectiveness of grouting reinforcement. Based on the ultimate bearing capacity and lateral friction resis-
tance of the pile foundation, a design method for grouting parameters in silty clay-fine sand composite formations was proposed. For every 0.25
MPa increase in grouting pressure, the ultimate bearing capacity of the pile foundation increased by approximately 20% to 40%. Compared to un-
reinforced pile foundations, when the grouting pressure reached 1.25 MPa, the maximum increase in the pile foundation’s bearing capacity was
167.27%. The relative position of the grouting holes to the pile significantly affects the pile foundation’s bearing capacity. For every 5 cm in-
crease in the distance between the grouting hole and the pile’s side, the decrease in bearing capacity was 12% to 25%. The distance between the
grouting hole and the pile’s side must be less than 15 cm to ensure the effectiveness of pile foundation grouting reinforcement. Based on the
theory of physical similarity, an index-based load transfer model for pile side loads in silty clay and fine sand formations was established using
simulated test data from indoor lateral densification grouting experiments. A load transfer index model for the pile-soil contact surface was devel-
oped using FORTRAN language and embedded into ABAQUS to conduct numerical calculations of lateral grouting on an engineering scale in ex-
isting pile foundations. The reliability of the model was verified by comparing the numerical simulation results with the measured values of pile
bearing capacity in the field. The measured ultimate bearing capacity of the pile foundation on-site was 6 000 N, while the numerical simulation
produced a value of 5 850 N, demonstrating good agreement in settlement under ultimate loads. Therefore, this load transfer model accurately pre-
dicted the effectiveness of lateral grouting reinforcement in existing pile foundations. The study also analyzed the effects of reinforcement posi-
tion and length on lateral friction resistance and pile bearing capacity.
Conclusions When the length of the reinforced segment is 4 m, the optimal reinforcement effect is achieved when the reinforcement is positioned
at a depth ranging from 40% to 90% of the pile length, resulting in a 10.7% to 13.7% increase in bearing capacity. When the reinforcement length
exceeds 16 m (approximately 70% of the pile length), it significantly improves the ultimate lateral friction resistance in the lower part of the pile,
leading to a noticeable reduction in settlement under the same load level.

Key words: friction pile; compaction grouting; load transfer model; numerical simulation; bearing capacity
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