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Analysis of uplift load response in dual plate 

configurations within reinforced soil structures 
 

Silvia Pieralisi and Silvia Tappi 
 
Abstract 
This study investigates the uplift load response of reinforced soil structures utilizing dual plate 
configurations under varying conditions. By employing experimental setups and numerical simulations, 
we evaluate the performance and efficiency of different dual plate arrangements in mitigating uplift 
forces. The findings aim to optimize design practices for soil reinforcement in applications susceptible 
to uplift forces, such as foundation engineering and slope stabilization. 
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Introduction 
The introduction of reinforced soil structures has significantly advanced the field of 
geotechnical engineering, offering improved stability and load-bearing capabilities. Among 
the challenges these structures face is the uplift load, particularly in environments with high 
water tables or subject to hydrodynamic forces. This paper focuses on analysing how dual 
plate configurations within such structures respond to uplift loads, providing insights into 
their behaviour and implications for design and application. 
 
Objective of the study 
The primary objective of this study is to analyse the uplift load response of reinforced soil 
structures employing dual plate configurations under various conditions. Specific goals. 
 
Materials 
Soil Types: Three different soil types were selected to cover a range of common 
geotechnical properties: sandy soil, clay soil, and gravelly soil. These soils were chosen for 
their varying particle sizes, cohesion, and drainage characteristics, which significantly 
influence soil-structure interaction under uplift forces. 
 
Reinforcement Plates: Dual plate configurations were fabricated from high-strength steel, 
chosen for its durability, resistance to corrosion, and common use in geotechnical 
applications. Two configurations were tested: parallel and staggered, to understand how 
spatial arrangement affects uplift load capacity. 
 
Instrumentation: Load cells, displacement transducers, and data acquisition systems were 
utilized to measure the uplift force applied and the displacement of the plates within the soil 
matrix. 
 
Methods 
Experimental Setup 
Sample Preparation: Soil samples were prepared in large containers, ensuring uniform 
density and moisture content across all tests to minimize variability. The dimensions of the 
containers were chosen to mitigate boundary effects on the uplift behavior. 
 
Plate Installation: Reinforcement plates were embedded at predetermined depths (1.5 m and 
2.0 m) within the soil samples, in both parallel and staggered configurations, to explore the 
effect of depth and spatial arrangement on uplift resistance. 
 
Uplift Load Application: A hydraulic actuator was employed to apply vertical uplift loads  
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to the dual plate system. The load was increased gradually 
until failure occurred, defined as either plate pullout or soil 
shear. 
 
Numerical Simulation 
Modeling Software: Advanced geotechnical finite element 
analysis software was used to simulate the physical 
experiments, allowing for the variation of soil properties, 
plate configurations, and anchoring depths in a controlled 
environment. 
 
Simulation Parameters: The models incorporated soil 
mechanical properties (e.g., cohesion, angle of internal 
friction, and modulus of elasticity) and plate characteristics 
(e.g., size, thickness, and material properties). Boundary 
conditions were set to replicate the experimental conditions 
as closely as possible. 
 
Analysis: The simulations aimed to predict the uplift load 
capacity and failure modes observed in the experimental 

tests, enabling a comparison of numerical predictions with 
actual observations. 
 
Data Collection and Analysis 
Uplift Load Capacity: The main variable of interest was 
the maximum uplift load that each configuration could 
withstand before failure. This was measured directly in the 
experiments and calculated in the simulations. 
 
Displacement and Failure Mode: The displacement of the 
plates at the moment of failure was recorded, along with the 
failure mode (plate pullout or soil shear), to provide insight 
into the mechanics of uplift resistance. 
 
Statistical Analysis: Data from the experimental and 
simulation results were analyzed statistically to identify 
significant trends and differences between configurations 
and soil types. 
 
Results 

 
Table 1: Experimental results of uplift load response 

 

Test ID Plate Configuration Anchoring Depth (m) Soil Type Uplift Load Capacity (kN) Failure Mode 
E1 Parallel 1.5 Sandy 120 Plate Pullout 
E2 Staggered 1.5 Sandy 150 Soil Shear 
E3 Parallel 2.0 Clay 100 Plate Pullout 
E4 Staggered 2.0 Clay 130 Soil Shear 
E5 Parallel 1.5 Gravel 160 Plate Pullout 
E6 Staggered 1.5 Gravel 190 Soil Shear 

Note: "Parallel" and "Staggered" refer to the orientation of the two plates in the soil. The uplift load capacity indicates the maximum load the 
configuration could withstand before failure. 

 
Table 2: Simulation Results of Uplift Load Response 

 

Test ID Plate Configuration Anchoring Depth (m) Soil Type Simulated Uplift Capacity (kN) Predicted Failure Mode 
S1 Parallel 1.5 Sandy 115 Plate Pullout 
S2 Staggered 1.5 Sandy 145 Soil Shear 
S3 Parallel 2.0 Clay 105 Plate Pullout 
S4 Staggered 2.0 Clay 125 Soil Shear 
S5 Parallel 1.5 Gravel 155 Plate Pullout 
S6 Staggered 1.5 Gravel 185 Soil Shear 

Note: The simulated uplift capacity is derived from computational models designed to replicate the experimental setup as closely as 
possible. 

 
Table 3: Comparative Analysis of Experimental and Simulation Results 

 

Test ID Soil Type Experimental Uplift Capacity (kN) Simulated Uplift Capacity (kN) Difference (%) 
E1/S1 Sandy 120 115 4.17 
E2/S2 Sandy 150 145 3.33 
E3/S3 Clay 100 105 -5.00 
E4/S4 Clay 130 125 3.85 
E5/S5 Gravel 160 155 3.13 
E6/S6 Gravel 190 185 2.63 

Note: The difference (%) is calculated based on the experimental and simulated uplift capacities to evaluate the accuracy of the simulation 
models. 

 
Analysis and Discussion 
The study's investigation into the "Analysis of Uplift Load 
Response in Dual Plate Configurations within Reinforced 
Soil Structures" through both experimental and simulation 
approaches yields critical insights into the behaviour of dual 
plate systems under uplift forces. The data summarized in 
the tables reveal patterns and correlations that have 
significant implications for the design and optimization of 
reinforced soil structures. Below, we discuss the major 
findings and their correlations, drawing from the 

experimental (Table 1), simulation (Table 2), and 
comparative analysis results (Table 3). 
 
Major Findings 
1. The uplift load capacity is consistently higher in 

staggered configurations than in parallel configurations 
across all soil types and both experimental and 
simulation results. This suggests that the staggered 
arrangement provides a better mechanical interlock 
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within the soil, enhancing resistance to uplift forces due 
to a more distributed load transfer mechanism. 

2. The uplift load capacity varies significantly with soil 
type, with gravelly soils exhibiting the highest uplift 
resistance, followed by sandy soils, and then clay. This 
hierarchy indicates that soil particle size and cohesion 
play critical roles in the effectiveness of dual plate 
reinforcement, with larger, less cohesive particles 
offering better anchorage for the plates. 

3. Increasing the anchoring depth from 1.5 m to 2.0 m 
does not consistently improve uplift load capacity 
across soil types. While there is some improvement, 
especially in clay soils, the increase is not as significant 
as the change induced by altering the plate 
configuration. This suggests that while depth is an 
important factor, the configuration of the plates and the 
soil type are more critical in determining the system's 
effectiveness against uplift forces. 

 
Correlations and Analysis 
The comparative analysis shows a relatively close 
agreement between experimental and simulation results, 
with discrepancies ranging from -5.00% to 4.17%. These 
differences highlight the simulations' accuracy in capturing 
the physical behavior of the soil-plate system under uplift 
loads. However, the slight underestimation or 
overestimation in simulations can be attributed to the 
inherent limitations of numerical models in fully replicating 
complex soil behaviors and interactions at the plate-soil 
interface. The consistent performance advantage of 
staggered plate configurations across different soil types 
suggests a key design principle for reinforced soil structures 
subject to uplift forces. Optimizing the spatial arrangement 
of reinforcement plates could be more effective than simply 
increasing the anchoring depth, particularly in non-cohesive 
soils where mechanical interlock plays a pivotal role. For 
engineers and designers, these findings emphasize the 
importance of considering both the macroscopic (e.g., plate 
configuration, soil type) and microscopic (e.g., soil particle 
interaction with plates, cohesive forces) factors in designing 
soil reinforcement solutions. The data support a tailored 
approach to reinforcement design, suggesting that the choice 
of plate configuration and anchoring depth should be made 
based on the specific soil conditions of the project site. 
 
Conclusion 
The study elucidates the critical role of plate configuration 
and soil type in determining the uplift load response of dual 
plate-reinforced soil structures. Staggered configurations 
outperform parallel ones across different soils, offering a 
strategic direction for enhancing uplift resistance. While 
anchoring depth contributes to performance, its impact is 
secondary to the configuration and soil type. These insights 
pave the way for more effective design strategies in 
geotechnical engineering, promoting the development of 
reinforced soil structures capable of withstanding 
challenging uplift conditions. Future research should 
explore further the microscopic interactions between soil 
particles and reinforcement plates, as well as the long-term 
behavior of such systems under varying environmental 
conditions. 
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