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Modulus of subgrade reaction The modulus of subgrade reaction (Ks) is a fundamental parameter in the
Triaxial test analysis and design of shallow and deep foundations, including strip footings,
Plate load test flexible raft foundations, and piles. Its accurate determination is particularly
Multiple regression critical in large-scale engineering projects, where it can significantly influence

both technical optimization and economic efficiency. The plate load test (PLT)

is the most conventional and reliable method for evaluating Ks; however, due

to its high cost and time-consuming nature, its application in practical projects

is often limited. This limitation highlights the need for alternative laboratory-
based approaches that are both reliable and efficient.

In this study, the potential of unconsolidated undrained triaxial tests as a substitute for estimating Ks in fine-grained
clayey soils is examined. A total of 52 triaxial tests and 8 PLTs were performed, and their results were statistically
analyzed and compared. The findings revealed that Ks values obtained from PLTs were consistently higher than those
derived from triaxial tests. Nevertheless, strong correlations were observed between Ks and several physical and
mechanical soil parameters. To enhance prediction accuracy, multiple regression analysis was employed, incorporating
parameters such as density, plasticity index, and moisture content. The regression model achieved a significant
correlation coefficient, confirming the feasibility of estimating Ks using triaxial test data.

The outcomes of this research demonstrate that triaxial testing, in addition to being more cost- and time-effective,
can provide a reliable and practical alternative for estimating Ks in geotechnical design. By integrating triaxial test results
with statistical modeling, this study offers an efficient approach for improving the estimation of the modulus of subgrade
reaction, which can ultimately contribute to safer and more economical foundation design.

Summary

This study investigates the estimation of the subgrade reaction modulus (Ks) of clayey soils using triaxial test results
as an alternative to the conventional but costly and time-consuming plate load test. A comprehensive program involving
52 unconsolidated undrained (UU) triaxial tests and 8 field plate load tests was conducted on fine-grained clayey soils
from Kerman, Iran. Statistical and regression analyses were performed to evaluate the correlations between soil physical—
mechanical properties and Ks. The results revealed that although Ks values obtained from plate load tests were generally
higher than those from triaxial tests, a strong correlation exists between the two methods. A multivariate regression
model demonstrated that triaxial test parameters can reliably estimate Ks, providing a practical, cost-effective tool for
geotechnical design.

Introduction

The modulus of subgrade reaction is a key parameter in the analysis and design of shallow foundations, mats, and
piles. Traditionally determined through plate load testing, Ks reflects soil—structure interaction but is strongly influenced
by soil type, geometry, and loading conditions. Given the limitations of in-situ testing, there is growing interest in
predicting Ks from laboratory-based soil parameters. Previous studies have proposed correlations using SPT, CBR, and
geophysical methods. However, limited work has been conducted on directly linking Ks to triaxial test results for fine-
grained clayey soils. This research addresses this gap by experimentally and statistically evaluating Ks through triaxial
testing.
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Methodology and Approaches

Undisturbed clayey soil samples were collected using Shelby tubes and classified as CL based on USCS. Laboratory
characterization included grain size distribution, Atterberg limits, and natural moisture content. UU triaxial tests were
performed under confining pressures of 0.7, 1.5, 3.0, and 4.2 kg/cm?. Additionally, eight plate load tests were conducted
at excavation depths of 5—7 m using a 76.2 cm diameter plate. Ks was determined from stress—strain relationships in
triaxial tests and load—settlement curves in plate load tests. Statistical analyses included t-tests, F-tests, and multivariate
regression to establish predictive relationships between Ks and soil parameters such as liquid limit, plasticity index, fines
content, moisture content, and dry unit weight.

Results and Conclusions
(a) Independent t-tests and F-tests showed that the mean converted subgrade reaction coefficient obtained from the
plate load tests is higher than the mean subgrade reaction coefficient derived from the triaxial tests. This indicates a
statistically significant influence of confining pressure at different levels on the subgrade reaction coefficient.

(b) A comparison of the mean subgrade reaction coefficients revealed that the field-converted values of Ks are
amplified by a factor of 19.97 compared with the results of the triaxial tests.

(c) The results of the multiple regression analysis showed that the equation proposed in Model 2 (with a confining
pressure of 1.5 kg/cm?) and a coefficient of determination R2=0.95 performs more strongly and can be used with
relatively good accuracy in the calculation of Ks. However, it should be noted that this equation is valid only for
predicting the subgrade reaction coefficient based on triaxial tests within the range of the collected data and the soil
properties studied, and extrapolation beyond this range should be made with caution.

(d) Statistical analyses of Models 1, 3 and 4 corresponding to confining pressures of 0.7, 0.3 and 4.2 kg/cm?,
respectively, showed confidence levels of 74 %, 67 % and 74 %. These results indicate that, due to the non-significant
effects of some soil variables (including unit weight, plasticity index, liquid limit and the percentage passing 2 and 75
pum) in the multiple regression models, the practical application of these models for determining the subgrade reaction
coefficient within the collected data range and the studied soil characteristics is limited.




