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Abstract

The strength of load-bearing and enclosing structures largely depends on the parameters of their materials.
Complex shear testing of concrete is a non-destructive method used to determine the parameters and quality
of the mixtures used with high accuracy. This concrete testing method has become widespread due to its
versatility and convenience. The material strength is tested by directly impacting the concrete of the
structure and causing its partial shearing. During the test, the force needed to tear off a fragment of the
structure using a leafed anchor embedded in the bore hole is determined. This method can provide more
accurate data on the concrete strength to make a decision on the need for further operation of the building.
The concrete test to be shear tested must be located at a sufficient distance from pre-stressed rods. In
addition, the test area should not be subjected to heavy operational loads.

Keywords: concrete strength, shear test method, anchor, calibration curve, non-destructive
testing, device.

I. Introduction

The shear test method is used to test the strength of concrete. The shear test method has advantages over non-
destructive methods for determining the strength of concrete. Modern non-destructive methods use various indirect
characteristics (ultrasound propagation rate, diameter of the imprint left on concrete upon impact, etc.) to determine
the strength of concrete. The method is based on an empirical proportional relationship between the concrete
strength and the pullout force of a special anchor with an expanding cone. The lack of a concrete destruction
physical model during the shear test is challenging to find ways to improve the accuracy and reliability of the
results. The purpose of the study is to develop a physical model of concrete destruction to determine the design
strength by shear testing.

Il. Methods

During shear testing, an anchor usually breaks out concrete in the form of a truncated cone, indicating a cleavage
failure. This means that the concrete tensile strength is less than its shear strength. Otherwise, it would be a shear
failure.

Leafed anchors, which can be of different sizes, are used to apply a pullout force. The anchors are inserted into
drilled holes in the measurement area. As in the previous case, a device measures the fracture force. The
compressive strength is calculated based on the relationship expressed by the formula
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R=m1*m2*P
where:
m1 is the maximum size factor of coarse filler,
m2 is the conversion factor for compressive strength. It depends on the concrete type and strength gain conditions.
P is the fracture force obtained by testing. This method is one of the most popular ones as it is quite versatile. It
ensures to test any part of the structure, since a flat surface is not a must. In addition, it is easy to fix a leafed anchor
within the concrete mass manually. However, there are some limitations, such as:
* Dense structure reinforcement, in this case the measurements will be inaccurate.
« Structure thickness, it should be twice the length of the anchor. The ONIX-1.0S device is used for concrete shear
testing, as shown in Pictures 1-2.

Picture 1: Shear test method using ONIX-1.0S Picture 2: Shear test method (crack formation)

During shear testing, the anchor breaks out concrete, indicating a cleavage failure as shown in Pictures 3—4.

Picture 3: Breaking out of concrete during a shear test
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Picture 4: Breaking out of concrete during a shear test

I1l. Results

Using the data recorded during the study, we can evaluate the strength of the above material based on the applied
load at which shear occurs. The force breaking off a concrete fragment as a result of shearing is multiplied by a
correction factor. It is calculated using the following formula:

y=h’l(h- Ah)*
where h is the anchor depth,
Ah is the slip value.
If the maximum length of the material fragment broken off during the test is more than twice the minimum length,
the result is deemed indicative. The same applies, if the hole depth exceeds the anchor slip value by 5% or more.
Indicative values cannot be used to determine the strength class of a material. The tests are deemed invalid, if the
tear depth differs from the anchor length by 10% or any reinforcement rod is found at a distance within the hole
depth. During the works, the measurement results are recorded in a table, as shown in Table 1.

Table 1: Measuring concrete strength by shear testing

Structure Test site No. Shear force, Average

MPa strength, MPa
53.6
52.1
50.6
48.2
48.9 51.24
49.9
51.1
52.9
53.9
44.9
434
45.6
46.7
44.8
46.7

Reinforced
concrete
column No. 1

Reinforced
concrete
column No. 2

45.25
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Structure Test site No. Shear force, Average
MPa strength, MPa
7 45.8
8 44.4
9 45.0

Strength testing of reinforced concrete columns in 9 sections yielded values from 45.25 MPa to 80 MPa. The
strength of concrete becomes constant after achieving the concrete strength of about 50 MPa, as reported in various
regulations.

IV. Conclusions

It was established that the empirical dependence between concrete compression resistance and anchor pullout force
assumed for shear testing of concrete is only possible with a linear dependence between the concrete compressive
and tensile strength. However, the actual relationship between the concrete compressive and tensile strength is not
linear, so for relatively weak concretes, the potential compressive strength overestimation due to the empirical
relationship is neutralized by a reduction factor. The more accurately tensile strength is converted to compressive
strength, the more accurate the calculation results using the developed model and empirical pullout force values.
One of the most accurate methods for testing the strength of structures. The shear test method allows to determine
the forces needed for local concrete failure as an anchor element is pulled out from it. This method has
disadvantages, such as high labor intensity and unsuitability for areas with dense reinforcement, as well as partially
damaged structures.
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