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ABSTRACT 
 
     Underground civil structures experience variations in performance under different 
levels of relative compaction under repeated loading, which require quantitative 
assessment from a geotechnical forensic perspective. In this study, field-scale tests 
and numerical analyses were coupled, including earth pressure measurements and 
truck pass tests, to evaluate the stability of pipelines under repeated loading conditions. 
A field-scale test site with different levels of relative compaction was constructed, and 
pipelines were installed to evaluate pipeline stability. Earth pressure cells were installed 
at the pipeline crown and spring line to measure stress responses under truck loading. 
In the numerical analysis, the ABAQUS program was used to simulate pipeline 
responses under truck loading at different relative compaction levels. The results 
indicate that lower relative compaction leads to a critical state in pipelines under truck 
loading due to stress concentration with depth. A numerical parametric study was 
performed to quantitatively simulate stress concentration under different relative 
compaction levels, and the simulation results showed good agreement with the field 
test results. Insufficient relative compaction induces stress concentration, leading to 
crack initiation in pipelines and consequent structural instability. This study provides 
field-based evidence and a geotechnical forensic perspective on pipeline behavior, 
emphasizing the need for careful compaction control in real field conditions. 
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