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The importance of well-instrumented downhole arrays to verify the accuracy of site 

response analysis (SRA) methodologies has been highlighted in several recent studies. Although 

these densely instrumented downhole arrays are usually well-documented, numerical modeling of 

these arrays still shows some deviation from the recordings. There are several sources of 

uncertainty, such as shear-wave velocity (Vs) profile, nonlinear (NL) dynamic soil properties, 

input motion selection, analysis method, and soil shear strength (for problems involving large-

strain responses), which may be responsible for this deviation between the predictions and actual 

site responses (recordings) in deterministic approaches. Therefore, performing SRA within a 

probabilistic reliability framework, complementary to a deterministic analysis, can be of great 

importance, especially when working with safety-critical structures such as nuclear facilities, 

skyscrapers, and bridges.  

This study introduces a new stochastic framework for the quantification of ground response 

variability in NL SRA due to the epistemic uncertainty of soil parameters. For this purpose, a well-

instrumented geotechnical downhole array site (Service Hall Array - SHA) near Japan’s 

Kashiwazaki-Kariwa Nuclear Power Plant (KKNPP) is selected as a case study, and the one-

dimensional soil column model of the SHA is developed using the finite element (FE) program 

LS-DYNA. The dynamic stress-strain relationship is characterized by a modified two-stage 

hyperbolic (MTH) NL backbone curve formulation capable of capturing soil behavior at both 

small- and large-shear strains. The model is then validated against the ground motion recordings 

to capture the model bias. The uncertainties associated with the shear-wave velocity profile (a 
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small-strain soil property) and soil shear strength (a large-strain soil property) are incorporated in 

NL SRA to quantify their separate and joint randomization effects on the results. This study 

proposes the idea of employing the variance reduction methods, such as the Latin Hypercube 

Sampling (LHS) method as an efficient alternative to commonly used methods, such as Standard 

Monte Carlo (SMC), to account for uncertainty propagation in such reliability analysis.  

The results show that the proposed LHS methodology reduces the time and costs of 

analysis significantly. Besides, owing to the efficacy of the LHS method, the effects of joint soil 

parameter variability and the individual contribution of each source of uncertainty to the total 

model dispersion are successfully quantified. Results also illustrate no undesired reduction in the 

predicted median response in terms of surface motions or amplification using a relatively small 

number of realizations. This finding is promising as it suggests that the LHS method may 

potentially be used to greatly reduce the number of realizations needed to carry out similar 

probabilistic studies with no median response de-amplification. The authors believe that this is a 

main advantage of the LHS over the SMC or other commonly used methods. In other words, due 

to the statistical smoothing of the data, this method prevents the generation of unrealistic 

realizations with very large-strain levels which causes median surface response de-amplification. 


