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ABSTRACT

Accurately estimating the compressive strength of in-place concrete without
destructive testing is critical for efficient construction scheduling and safety
assessment. The maturity method offers a promising non-destructive
approach by correlating strength development with time-temperature
history. This study investigates the efficacy of the Nurse-Saul and Arrhenius
maturity functions in predicting the compressive strength of a specific
concrete mix design. The primary objective was to develop and validate a
robust mathematical model to estimate strength at various ages based on
calculated maturity. Laboratory specimens were instrumented with
embedded sensors to record temperature-time data during curing.
Compressive strength was experimentally determined at multiple ages.
Maturity indices were computed using both the Nurse-Saul and Arrhenius
functions. An exponential strength-maturity relationship was then
established through curve-fitting. Validation involved three independent
specimen series cured under different temperature regimes. Results
demonstrated that the derived exponential model could predict compressive
strength with high accuracy, particularly at later ages, using either
maturity index. Comparative analysis indicated that predictions based on
the Arrhenius function showed marginally better agreement with
experimental data, as the Nurse-Saul method consistently produced slightly
overestimated strength values. The findings confirm that a calibrated
maturity-strength function, especially one utilizing the Arrhenius approach,
provides a reliable and practical tool for non-destructive strength
estimation, facilitating significant economic and safety benefits in concrete
construction management.
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Introduction

The development of concrete compressive
strength is a time- dependent process
significantly influenced by environmental
conditions, particularly temperature and
humidity.  Accurately  predicting  this
development is crucial for both the economic
efficiency of construction projects and the
structural safety of concrete elements.
Inaccurate estimations can lead to costly delays,
unnecessary formwork retention, or, more
critically, premature loading that risks
structural failure.

The concrete maturity method has
emerged as a reliable non- destructive
technique for in-situ strength estimation. This
method operates on the fundamental principle
that the strength gain of concrete is a function
of its temperature history over time. By
establishing a mathematical relationship
between maturity and compressive strength,
this approach offers a practical and cost-
effective alternative to destructive or semi-
destructive testing. Among the various methods
proposed, the Nurse-Saul and Arrhenius
maturity methods are the most widely
recognized and applied. While these functions
provide the theoretical framework, their
accuracy hinges on the establishment of a
unique, empirically calibrated strength-
maturity relationship for each specific concrete
mix design. A critical research question,
therefore, is determining the optimal
mathematical function to translate calculated
maturity into reliable strength estimates for a
given mix.

This study addresses this need by
developing and validating a predictive model
for a specific concrete formulation. The core
objective is to derive and compare exponential
strength-maturity relationships calibrated using
both the Nurse-Saul and Arrhenius maturity
indices. The research methodology involves
laboratory  preparation of  instrumented
specimens to record temperature-time data,
experimental determination of compressive
strength at various ages, and subsequent model
calibration. Finally, the predictive accuracy of
the derived functions is rigorously validated

using independent specimen series cured under
different temperature regimes.

Methodology

This study was conducted on a specific
concrete  mix design. The methodology
comprised three main phases: determination of
maturity method constants, development of the
strength-maturity relationship, and validation
of the predictive model. Prior to concrete
testing, the essential constants for the maturity
functions were determined experimentally. For
the Nurse-Saul method, the datum temperature
(To) was established. For the Arrhenius
function, the apparent activation energy (E.)
was calculated. These parameters were derived
from compressive strength tests performed on
three series of mortar specimens, made from the
same cement, cured under isothermal
conditions at different temperatures. Fifteen
standard concrete cylinders were cast from the
designated mix. [Each specimen was
instrumented with an embedded sensor at its
center to record the temperature-time history.
The specimens were cured under a controlled
ambient condition. Their compressive strength
was experimentally determined at five different
ages (e.g., 1, 3, 7, 14, and 28 days). For each
test age, the corresponding maturity index was
computed in parallel using both the Nurse-Saul
and Arrhenius functions, based on the recorded
temperature history. Subsequently, separate
exponential functions were fitted to the two
datasets of compressive strength versus
maturity using a least-squares curve-fitting
technique.

To validate the predictive accuracy of the
derived  exponential ~ functions,  three
independent series of concrete specimens were
prepared from the same mix. Each series was
subjected to a distinctly different curing
temperature regime. The temperature-time
history for each specimen was continuously
monitored via embedded sensors. The maturity
for various ages was calculated using both
methods. The compressive strength was
experimentally measured at several ages. These
measured strengths were then compared to the
strengths predicted by the two exponential
models using the calculated maturity values.



The accuracy and error of each model were
guantitatively ~ assessed  through  this
comparative analysis.

Results and Discussion

The analysis confirms that the concrete
maturity at any desired age can be effectively
calculated using both the Nurse-Saul and
Arrhenius methods, based on the recorded
temperature-time history. A key finding of this
study is the successful development of a
predictive  strength-maturity model. An
exponential function of the form was fitted to
the experimental data, demonstrating a robust
correlation (>0.99) between the calculated and
the measured compressive strength. This model
provides an acceptably accurate means of
estimating in-place strength. Validation against
the three independent curing regimes showed a
strong agreement between the laboratory-
measured strengths and the values estimated by
the exponential model. The predictive accuracy
was notably higher for concrete ages beyond 14
days, where the estimation error was minimized
and the dispersion of results around the mean
was significantly lower. A comparative
evaluation of the two maturity methods
revealed a distinct performance difference.
While both functions yielded reliable
predictions at later ages, strength values
estimated using the Nurse-Saul maturity index
exhibited a consistent, slight overestimation
compared to experimental results.

In summary, the calibrated exponential
model serves as a reliable non-destructive tool.
Its application, particularly when paired with
the Arrhenius maturity index, enables accurate
strength  estimation for mature concrete,
supporting  critical  decisions  regarding
formwork removal, post-tensioning, and load
application with enhanced confidence in both
safety and project economy.

Conclusion

This study presented a comparative
experimental-numerical evaluation of the
Nurse-Saul and Arrhenius maturity functions
for predicting the compressive strength of
concrete under different curing temperatures,
thereby assessing a practical non-destructive

tool for in-situ strength estimation. The findings
demonstrate that an exponential function
effectively models the strength-maturity
relationship for the specific concrete mix
investigated, providing a reliable estimation of
compressive strength. A key comparative result
is that the Arrhenius-based maturity function
yielded predictions with higher accuracy than
those derived from the Nurse-Saul function.
For future research, it is recommended to
investigate the influence of additional
variables, such as ambient relative humidity
during curing and the use of various chemical
admixtures (e.g., accelerators or retarders), on
the maturity-strength relationship. This would
enhance the model's robustness and extend its
applicability to a wider range of concrete
formulations and field conditions.
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