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Quasi-brittle materials, Given the importance of cement-based structures such as concrete
Temperature, and cement mortar in civil and mining engineering, special attention

Tensile strength,

CSTBD is always paid to the fracture mechanics of these materials under

different environmental conditions. One of the most important
parameters of fracture mechanics is the resistance to crack growth.
Semi-brittle materials such as stone and cement-based materials
operate in weak tension, and evaluating various factors on the critical
stress intensity factor of the tensile state of these materials always
allows researchers and engineers to have successful designs and
projects. In this study, the effect of different temperatures such as -
10, 25, 50 and 100 degrees Celsius on the fracture toughness of 3
types of cement mortars reinforced with micro-silica pozzolan with a replacement percentage of 0, 5 and
10% of the weight of cement used in the cement mortar has been investigated. The results of this study
showed that with increasing temperature, tensile fracture toughness decreases, and with increasing micro-
silica by 5 and 10%, the resistance to tensile crack growth of cement mortar at the temperature of 100
degrees Celsius examined in this study increases by a maximum of 15.70 and 9%.

Introduction

In the fields of mining and construction, including projects involving stone structures—whether natural
or man-made—the effects of heat can manifest in various forms. Research has demonstrated that an
increase in temperature does not consistently correlate with a decrease in the fracture toughness of rock.
This variability arises from the distinct mineralogical and microstructural compositions of different stone
and rock-like materials, which respond differently to temperature changes.

Methodology

This study aims to investigate the effects of varying temperatures on six distinct types of cement mortars.
Specifically, it examines the roles of two critical factors in the mixing design of cement mortar exposed
to different temperatures: the percentage of micro-silica additives and the water-to-cement ratio. By
enhancing understanding in this area, the study will significantly benefit the engineering community's
efforts to develop heat-resistant surface and underground civil structures. The results are anticipated to
inform various engineering decisions across multiple projects. The research specifically addresses how
different water-to-cement ratios, along with the incorporation of pozzolans such as micro-silica—which
can enhance mechanical properties—impact the tensile fracture toughness response of cement mortars at
varying temperatures.

Results
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An increase in the water-cement ratio by 25%, from 0.4 to 0.5, leads to a reduction in the fracture
toughness of all six types of cement mortars examined.

Elevated temperatures are associated with a decrease in the mode I fracture toughness of all cement-
based materials investigated in this study.

The substitution of 5% to 10% of the cement with micro-silica in the preparation of cement mortars
enhances their resistance to the propagation of tensile cracks.

The Brazilian tensile strength of cement mortars exhibits an inverse relationship with both the water-
cement ratio and temperature, while it demonstrates a direct relationship with an increase in the
percentage of micro-silica replacement at 5% and 10%.
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