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Abstract

The détérioration of concréte due to exposure to high températures Is an issue that cannot be
overlooked, as it significantly affects the structural integrity of buildings and, consequently,
public safety. This raises important questions regarding the performance of various types of
concrete, especially when subjected to elevated températures. Both theoretical and
experimental studies have contributed to expanding our understanding of the phenomena
associated with concrete behavior under high thermal conditions, as well as identifying the
key factors influencing its physical and mechanical properties.

This experimental study focuses on investigating the effects of elevated températures
simulating fire conditions on the properties of concrete, with particular emphasis on concrete
modified using lightweight expanded clay. The study involved five concrete mixtures: four
modified with different forms of expanded clay (as coarse aggregate, sand, and powder), and
a fifth conventional concrete mix used as a reference for comparison. A total of 15 spécimens
were prepared for each concrete mix, which were then divided into five groups. Each group
(comprising three specimens) was subjected to a specific Healing cycle at températures of
20°C, 200°C, 400°C, 600°C, and 800°C.

Following thermal exposure, a compréhensive séries of tests was conducted to évaluat the
changes in concrete properties. These tests included measurements of mass los, volume los,
porosité, bulk densité, mechanical strength, ultrasonic pulse velocity, and crack évaluation.
The results revealed significant variations in the behavior of the concrete mixtures under
thermal stress. Notably, some of the mixes modified with expanded clay demonstrated
improved performance compared to the conventional mix, particularly in terms of retaining
physical and mechanical properties that are critical for durability.

Keywords expanded clay, high temperature, mechanical properties, physical properties,
cracking, mass loss, ultrasonic pulse velocity.
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Properties Specification R::::ts sp[éti:l;;‘::;?lifmn
Specific gravity ASTM C127-88 @ 1.4 -
Absorption % ASTM C127-88 @ 4.6 -
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Sulfate content (as SOs). % BS 3797-part 2-1981 a® 0.1 1 (max. value)
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Dry loose unit weight, (kg/m’) | ASTM C29/C29M/97 O 450 =
Sulfate content (as SOs). % BS 3797-part 2-1981 10 0.3 1 (max. value)

dblil) asaali 2,1.4.1

Go Y Ciandl I bl Lot s 5 K1 (ACH 211.1-91) oSe¥1 2581 Cas Lasanad o
C[29] Adalall A0S 5 il e Jgeasll dle I Als

Al b Alewial) Al 3 LSRN 7.1 Jsas

Mix. | Cement | Sand Coarse aggregate %

No. (kg/m’) | (kg/m?) Normal weight | Thermostone | Claystone | w/c
MRI1 400 600 100 0 0 0.4
M2 400 600 75 0 25 0.4
M3 400 600 50 0 50 0.4
M4 400 600 25 0 75 0.4
M3 400 600 0 0 100 0.4
M6 400 600 75 25 0 0.4
M7 400 600 50 50 0 0.4
M3 400 600 25 75 0 0.4
M9 400 600 0 100 0 0.4
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Compressive Splitting Flexural
P Decreasing | Tensile | Decreasing Decreasing
Mix. | Strength Strength
N % Strength % %
0. (MPa) (MPa) (MPa)
MR1 42.25 - 4.77 - 5 -
M2 336 20.47 397 16.77 47 6
M3 23.16 45,81 3.311 30.58 4.25 15
M4 19 55 24 49.68 3.76 24.8
M35 15.64 62.9 1.7 64.36 33 34
M6 40.2 485 4.5 5.66 4.85 3
M7 324 23.31 31 35 4 20
M8 18.34 56.6 1.6 66.45 3.42 31.6
M9 15.5 63.31 1.3 72.74 3 40
(335l Q) il Slaaill 0.1 Jga
Modulus Poiss

Mix Normalweight | Thermostone | Claystone of Decreas. Rat ’

No "| Coarse Agg. | Coarse Agg. | Coarse Agg. wic | Elastic. % {F]'
' % % % (MPa)

MR1 100 0 1] 0.4 28152 - 0.232
M2 75 0 25 0.4 24360 13.46 0.221
M3 50 0 50 0.4 20132 28.48 0.216
M4 25 0 75 0.4 18679 33.04 0.194
M3 0 0 100 0.4 16920 39.89 0.187
Mo 75 25 1] 0.4 27076 382 0.228
M7 50 50 0 0.4 24022 14.67 0.22
ME 25 75 0 0.4 18372 34.73 0.186
MO 0 100 0 0.4 16630 40.92 0.177
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