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Accelerated Cure Procedure for Unconfined Compressive
Strength of Compacted Soil-Lime Mixtures

SECTION 1. INTRODUCTION

In the field of geotechnical engineering, the unconfined compressive strength (UCS) of compacted soil-
lime mixtures is a critical parameter for assessing the suitability and effectiveness of lime stabilization.
The UCS test method, as described in ASTM D5102, involves a curing period at a specific temperature.
While this standard procedure provides reliable results, the extended duration can pose challenges for
project timelines and efficiency.

This white paper introduces a modified procedure that accelerates the curing process by increasing the
temperature to 53°C, thereby reducing the curing time to 48 hours. The aim is to achieve faster test
results without compromising the integrity and accuracy of the UCS measurements. By shortening the
curing period from 7 days to just 2 days, this modified method can significantly enhance the efficiency of
soil stabilization projects, offering potential cost savings and expedited information to aid in decision-
making.

The proposed modification has been empirically validated through a comprehensive study involving 38
different soil/dosage rate combinations. The results demonstrate that the accelerated curing procedure
yields comparable UCS values to those obtained from the standard method. This white paper outlines the
details of the modified procedure, the validation process, and the potential benefits and considerations
for its implementation in geotechnical practice.

SECTION 2. BACKGROUND

An Overview of ASTM D5102: "Standard Test Method for Unconfined Compressive Strength of
Compacted Soil-Lime Mixtures."

The ASTM D5102 standard outlines the test method for determining the unconfined compressive strength
(UCS) of compacted soil-lime mixtures. This test is widely used in geotechnical engineering to evaluate
the effectiveness of lime stabilization in improving the strength and durability of soil. The UCS test
provides critical data for the design and assessment of soil stabilization projects, ensuring that the
treated soil meets the necessary strength requirements for construction and other engineering
applications.

Current Procedure

In the standard ASTM D5102 method, the soil-lime mixture undergoes an accelerated (40°C) curing
period to allow for the chemical reactions between the lime and the soil to occur more rapidly, which
contributes to the increase in strength. The key steps in the current procedure include:

1. Sample Preparation:
e Soil samples are mixed with a specified amount of lime.
e The mixture is compacted into molds to create test specimens.

2. Curing Process:
e The compacted soil-lime specimens are placed in a controlled environment.
e The curing temperature is maintained at 40°C.
e The curing duration is set for a period of 7 days.
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3. Testing:
e After the curing period, the specimens are subjected to unconfined compressive strength
testing at a specified loading rate.
e The UCS values are recorded and analyzed to determine the effectiveness of lime
stabilization.

The 7-day curing period at 40°C is designed to ensure sufficient time for the lime-soil reactions to reach a
stable state, providing dependable and consistent UCS measurements. However, the extended duration
can delay project timelines, particularly in cases where rapid decision-making and project execution are
critical.

SECTION 3. NEED FOR MODIFICATION

The standard curing duration of 7 days can be a limiting factor in fast-paced construction projects where
timely results are crucial. To address this challenge, there is a need for a modified procedure that
accelerates the curing process while maintaining the accuracy and reliability of the test results. By
increasing the curing temperature, it is possible to expedite the chemical reactions while maintaining a
high level of accuracy, thereby reducing the overall curing time.

SECTION 4. METHODOLOGY

The modified procedure presented in this white paper proposes the following changes to the curing
process outlined in ASTM D5102.

1. Controlled Environment:
e Place the compacted soil-lime specimens in a controlled curing chamber, as per the
original ASTM D5102-22 procedure.

2. Temperature Setting:
e Increase the curing temperature from 40°C (standard procedure] to 53°C.

3. Curing Duration:
e Reduce the curing duration from 7 days (standard procedure) to 48 hours.

These modifications are designed to expedite the curing process by accelerating the chemical reactions
between lime and soil while yielding comparable results to the original ASTM D5102-22 procedure.

SECTION 5. TESTING AND VALIDATION

To ensure the reliability and accuracy of the modified procedure, a comprehensive empirical testing
program was conducted. The key components of this validation process include:

1. Sample Selection:
e Fifteen different soil types were selected to represent a wide range of soil characteristics
including soil classification and plasticity.
e Various lime dosage rates were applied to these soil samples to assess the effectiveness
of the modified procedure across different stabilization scenarios.

2. Parallel Testing:
e Each soil-lime mixture was prepared and compacted according to the standard ASTM
D5102 procedure.
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e The specimens were then divided into two groups: one group cured using the original
method (7 days at 40°C) and the other group cured using the modified method (48 hours
at 53°C).

SECTION 6. DATA COLLECTION AND ANALYSIS

The unconfined compressive strength of each specimen was measured following the curing period, and
the results were recorded for analysis. The key steps in the data analysis process include:

1. Comparative Analysis:
e UCS values obtained from the standard procedure were compared with those from the
modified procedure.
e Statistical methods, including regression analysis, were used to evaluate the equivalence
of the two sets of results.

2. Consistency and Reliability:
e The consistency of the UCS values across different soil types and lime dosages was
assessed to ensure the modified procedure’s robustness.
e Reliability was determined by examining the repeatability of the results within each
group.

Summary of Regression Analysis

The regression analysis performed compares the Unconfined Compressive Strength (UCS) values
obtained from two different curing procedures: the standard 7 days at 40°C and the modified 48 hours at
53°C. Here is an explanation of the key regression statistics obtained:

1. Multiple R (0.9883):
e This is the correlation coefficient that measures the strength and direction of the linear
relationship between the two variables.
e Avalue of 0.9883 indicates a strong positive linear relationship between the UCS values
obtained from the two different curing methods.

2. RSquare (0.9767):

e Also known as the coefficient of determination, R Square indicates the proportion of the
variance in the dependent variable (48 hours (@ 53°C UCS values) that can be explained by
the independent variable (7 days @ 40°C UCS values).

e An R Square of 0.9767 means that approximately 97.67% of the variability in the UCS
values for the modified procedure can be explained by the UCS values from the standard
procedure. This suggests that the modified procedure produces results very similar to
the standard procedure.

3. Adjusted R Square (0.9761):
e Adjusted R Square adjusts the R Square value based on the number of predictors and the
sample size, providing a more accurate measure of the goodness of fit.
e An adjusted R Square of 0.9761 is very close to the R Square value, indicating that the
model is well-fitted, and the number of observations is sufficient.
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4. Standard Error (15.85):

e The standard error of the regression provides an estimate of the average distance that
the observed values fall from the regression line.

e Astandard error of 15.85 suggests that, on average, the UCS values obtained from the
modified procedure deviate from the predicted values by approximately 15.85 psi. Given
the high R Square value, this indicates a relatively low level of dispersion around the
regression line.

5. Observations (38):
e This indicates the number of data points used in the regression analysis.
e With 38 observations, the sample size is reasonably large, adding to the reliability of the
regression results.
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SECTION 7. CONCLUSION

The regression analysis demonstrates an extraordinarily strong, linear relationship between the UCS
values obtained from the standard 7-day curing procedure at 40°C and the modified 48-hour curing
procedure at 53°C, particularly where the treated and cured soil strength is less than 250 psi. Above 250
psi, the modified approach results become a bit more conservative, but most soil-lime specs require the
soil to only achieve a minimum of 100 psi to 150 psi. The high R Square value (0.9767) indicates that the
modified procedure explains nearly 98% of the variability in the UCS values observed with the standard
procedure. The small standard error (15.85) and the high number of observations (38) further support the
reliability of the modified curing procedure as an effective alternative to the standard method.

Based on these results, it can be concluded that the modified procedure produces UCS values that are
statistically similar to those obtained from the standard procedure, providing a faster and equally reliable
method for determining UCS in soil stabilization projects.
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