
Unveiling the Characteristics of Secondary
Flexures in Uniaxial Tension Tests of Concrete
In the realm of concrete mechanics, the uniaxial tension test serves as a
fundamental tool for assessing the tensile properties of this ubiquitous
material. However, beyond the primary measurements of tensile stress and
strain, the test can also reveal intriguing phenomena, such as the
emergence of secondary flexures. These intricate curvatures,
superimposed upon the overall tensile response, provide valuable insights
into the complex behavior of concrete under uniaxial tension.
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Mechanics of Secondary Flexures

As concrete undergoes uniaxial tension, a non-uniform distribution of
stresses develops within the specimen. As a result, localized bending
moments arise, giving rise to secondary flexures. These flexures manifest
as deviations from the expected linear stress-strain relationship, creating
characteristic "S-shaped" or "dog-bone" curves.
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The formation of secondary flexures is primarily attributed to the
inhomogeneity and anisotropy of concrete. Concrete is composed of
coarse aggregates embedded in a cement matrix, and these constituents
exhibit different elastic and strength properties. Under tension, the stiffer
aggregates tend to restrain the deformation of the surrounding matrix,
leading to stress concentrations and potential cracking.

Causes of Secondary Flexures

Several factors contribute to the development of secondary flexures in
uniaxial tension tests:

Heterogeneity of Concrete: The non-uniform distribution of
aggregates and cement paste creates variations in stiffness and
strength, promoting localized bending.

Eccentric Loading: Imperfect alignment of the load during the test
can introduce bending moments, amplifying the formation of
secondary flexures.

Specimen Geometry: The size and shape of the concrete specimen
can influence the distribution of stresses and the likelihood of
secondary flexures.

Strain Rate: The speed at which the tension is applied can affect the
magnitude and shape of secondary flexures.

Implications of Secondary Flexures

The presence of secondary flexures in uniaxial tension tests has important
implications for understanding concrete behavior:



Tensile Strength Underestimation: Ignoring secondary flexures can
lead to underestimation of the true tensile strength of concrete, as the
ultimate failure often occurs at a load higher than the peak of the
primary stress-strain curve.

Fracture Process Zone: Secondary flexures provide insights into the
development of the fracture process zone in concrete under tension,
where damage accumulates and crack propagation initiates.

Heterogeneity Assessment: The analysis of secondary flexures can
reveal information about the homogeneity and quality of concrete, as
well as potential microstructural defects.

Secondary flexures in uniaxial tension tests of concrete provide a rich
source of information about the material's behavior under tensile loading.
Understanding the mechanics, causes, and implications of these flexures is
crucial for accurate assessment of tensile strength, characterization of
fracture mechanisms, and evaluation of concrete quality. By unraveling the
complexities of secondary flexures, researchers and engineers can gain
invaluable insights into the behavior of this indispensable material and
optimize its use in structural applications.
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