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Abstract: The paper presents an analysis of the effect of elevated temperatures on concrete, with an 
emphasis on microstructural changes in the hydrated cement paste. The physical and chemical 
processes in the cement paste due to the increase of temperature are described. Research has shown 
that the first changes in the cement matrix occur at a temperature of 300oC, and that the microcracks 
appear at temperatures of 500oC. Intensive microcrack development occurs at 700oC, while at 
temperatures of about 900oC some particles of hydration products completely cracked. Reducing the 
degree of degradation of cement paste is possible by applying certain types of addition.
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Figure 2 – Physical transformations in cement paste at elevated temperatures

Figure 3 – Chemical transformations in cement paste at elevated temperatures

According to experimental research on cement paste dehydration at high temperatures 
[12], range of the temperature corresponding to the dehydration of the cement paste varies 
with the heating rate. In this experimental research it was found that for the samples of the 
cement paste with different heating rate, the dehydration starts at the same temperature, but 
ends at different temperature. The reason for this is that the samples of the cement paste with 
higher heating rate need less time to reach target temperature, and result is that dehydration 
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1. INTRODUCTION
Many research show that a large number of structures have been damaged under fire

conditions [2,3,8,9]. 
Given that a large number of structures are made entirely or partially of concrete, knowing 

the behavior of concrete at elevated temperatures is of utmost importance. 
Research show that a resistance of concrete to high temperature is dependent on many 

factors [3,4,9], among which a significant impact have concrete component materials. Since 
the aggregate occupies the largest percentage of the concrete volume (60 to 70% for 
conventional concrete), the type of the applied aggregate has a great influence on concrete fire 
resistance [4]. Therefore, when designing concrete elements, in accordance with EN 1992-1-
2:2004, different input values are applied to the design, if a calcareous or siliceous aggregate 
is used [4,5]. Also, the behavior of concrete at elevated temperatures is influenced by the 
quality of the cement paste as well as the quality of the interfacial transition zone between the 
aggregate and the cement paste.

This paper describes the processes that take place in cement paste at elevated temperatures, 
as well as its microstructural analysis. Regarding this, it is important to note that the tests are 
mainly performed maximum up to 1200oC, when concrete starts to melt (Fig. 1). 

Figure 1 – Molten decomposed concrete [7]

2. MICROSTRUCTURE OF CEMENT PASTE AFTER EXPOSURE TO
ELEVATED TEMPERATURES

Exposure of the cement paste to elevated temperatures leads to its dehydration, which 
results in a decrease in strength and an increase in pore pressure in the paste. It can result as 
explosive spalling of concrete [12].

Figures 2 and 3 show descriptions of the physical and chemical processes in the cement 
paste due to the increase of temperature [ 1,6,8,9,10].
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Figure 5 – SEM images of fractured surfaces of cement paste in 100× magnification [8] 

 

 
Figure 6 – SEM images of fractured surfaces of cement paste in 3000× magnification [8] 

3. CONCLUSION 
The frequency of fire occurrence in constructions and the fact that most engineering 

structures are built of concrete, indicate the importance of analyzing the effects of high 
temperature on concrete. Since more recent research indicate that microstructural changes in 
concrete significantly affect the mechanical properties and durability of concrete, of particular 
importance is research on microstructural changes in the aggregates, the hydrated cement 
paste and the interfacial transition zone, at elevated temperatures. 

The analysis of hydrated cement paste showed that up to 100oC, there were no significant 
changes in paste, except for slight increase in surface toughness. At 300ºC the degradation of 
hydration products started, and at 500ºC the microcracks appeared at their interface. 
Microcracks got more intense at 700ºC, increasing the paste porosity. At 800°C and 900⁰C, 
some particles are totally cracked. Thereby, certain mineral cement additives can reduce the 
degree of degradation. 
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time is less. Figure 4 shows the mass loss of cement paste, calcium-silicate-hydrate (CSH) and 
calcium hydroxide (CH) under different heating rates, according to this experimental study.

Figure 4 – The mass loss of cement paste, CSH and CH under different heating rates [12]

By microstructural analysis using scanning electron microscopy, on cement pastes with 0,35 
w/c ratio [8],  it was shown that ,at ambient temperature, the CH and C-S-H crystals remained 
intact. At 105°C, slight increase in surface toughness was observed, but without any other 
changes in the microstructure and morphology. At 300ºC the degradation of hydration 
products started, in addition to the appearance of angular particles, marked as C in Fig. 6, 
(presumably, non-hydrated cement particles). At 500ºC the microcracks appeared at their 
interface, with propagation between the anhydrous phases and the paste matrix. Also, there 
was a decrease in the CH peaks and the emergence of CaO peaks. Microcracks got more 
intense at 700ºC and 900ºC, increasing the paste porosity. At 900°C, some particles, marked 
as M, as shown in Fig. 6, are totally cracked. Simillary, according to research [11], it was 
shown that some particles of hydration products have cracked at 800ºC, whereby the presence 
of metakaolin in amount of 10% from the amount of powder in the paste, results with better 
thermal resistance, lower shrinkage and denser microstructure.
SEM images of fractured cement paste surfaces, in 100x and 3000x magnification, are shown 
in Figures 5 and 6. 
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METAMATERIALS IN EARTHQUAKE ENGINEERING
Abstract: The origin of metamaterials is in electromagnetics in the end of 19th century. By using the 
analogy between electromagnetic and elastic waves, the application of metamaterials starts to grow in 
the field of optics, acoustics and nowadays there is a lot of research for their use in the seismic design. 
Large-scale metamaterials can be used as shield against seismic waves in hazardous area. With 
specific design (shape, height, width, material) and specific periodicity (periodic scheme and periodic 
constant), these systems can attenuate the waves before they reach the targeting structures in that way 
minimizing the damaging effect of the earthquake. This approach is efficient for protecting multiple 
structures at ones. Current and emerging research activities regarding seismic metamaterials will be 
summarized in this paper.
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