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 In this study, physical and mechanical properties of light mortars produced with Fly Ash (FA) 
contributed pumice aggregates, Colemanite (K), Blast Furnace Slag (BFS), Marble powder 
(MP) were investigated under high temperature. Mortar samples were produced in the 
dimensions of 40x40x160 mm. At the preparation of mortars, pumice (0-4mm) as a fine 
aggregate and CEM I 42.5R Portland Cement were replaced with. 1%, 2% and 3% by weight of 
K respectively and 10%, 20% and 30% of YFC, MT and UK were replaced with cement in light 
mortars mixture. The produced mortar samples were removed from the mold after 24-hour 
setting and subjected to a cure at a temperature of 20±2°C in the standard cure pool for 28 
days. The flexural and compressive strength of the mortar samples filling the 7th day were 
determined. Physical properties such as water absorption, porosity and unit volume weight of 
28 days cured mortars were determined and flexural and compressive strengths were 
calculated. At the end of 28th day samples, which were reached its final strength, were 
exposed to 200 ⁰C, 400 ⁰C, 600 ⁰C and 800 ⁰C heats in High Temperature Oven. It is observed 
that with increasing temperature, weight loss increases, flexural and compressive strengths 
decrease in all samples. With the use of mineral additives, it was observed that both the weight 
losses and the losses in flexural and compressive strengths decreased and the mortars became 
more resistant to temperature. 

 
 
 
 

1. INTRODUCTION  
 

As a result of population growth and land restriction, 
the need for high-rise buildings and underground 
constructions is rapidly increasing to solve housing and 
transportation problems effectively. In such civil 
engineering structures, it is faced that large amounts of 
fire damage during construction and service. It is known 
that fires, which are frequently encountered worldwide 
in recent years, seriously threaten personal and property 
security. It is known that high temperature causes a 
decrease in the mechanical strength of the concrete and 
creates harmful effects at the structural level due to the 
high temperature exposure of the reinforcement (Seshu 
and Pratusha 2013; Heikal et al. 2013). 

The effect of high temperature on the strength of 
mortar and concrete is generally grouped as material and 
environmental factors. Material factors include 
aggregate, aggregate-cement paste interface, thermal 
mismatch of composite components and properties of 
cement paste (Khaliq et al. 2015). On the other hand, 
environmental factors include heating speed, exposure 
time to maximum temperature, cooling rate, loading 

conditions and humidity, which are important when 
examining the behavior of mortar and concrete samples 
at high temperatures. Previous studies have shown that 
the strength and elasticity module of cement-based 
mortar and concrete samples decrease with the increase 
in temperature (Li et al. 2018; Pan et al. 2018). 

It is the decomposition of hydration products that 
cause concrete to lead to loss of strength at high 
temperatures. The researchers stated that the 
decomposition of the cementitious matrix started above 
105 ° C. The first step of chemical and physical 
decomposition is to release the water in the pores and 
chemically bound water in the structure of calcium 
silicate hydrate (C-S-H) gels (Arioz 2007). At this step, 
other hydrates and ettringite also begin to decompose. 
Also, aggregate may start to be affected according to its 
origin and type (Gawin et al. 2004). Approximately 300-
400 °C, chemically bound intermediate layer water in the 
C-S-H gel evaporates. Also, the first microcracks begin to 
appear in the Ca(OH)2 and anhydrite cement areas. At 
this stage, Ca(OH)2 decomposes into CaO and H2O. 
However, in the cooling process, CaO can rehydrate to 
Ca(OH)2, and this rehydration creates a significant 
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volume expansion of about 44%. This volumetric 
expansion increases the number of cracks. It is known 
that the use of mineral additives in cement based 
materials consumes Ca(OH)2 (Lin et al. 1996; Mendes et 
al. 2011). 

However, in recent years, interest in consuming 
substitute materials such as solid wastes in the 
construction industry has increased steadily. The 
consumption of waste materials is compatible with basic 
environmental approaches in terms of preventing waste, 
reusing waste materials, reducing storage areas, 
reducing energy from waste and saving natural 
resources (Dimitriou et al. 2018; Juan-Vandes et al. 
2018). 

Although alternative materials such as wastes are 
used in many application areas, their technical 
characteristics, financial aspects and environmental 
effects should be taken into consideration. In the 
construction industry, the idea of sustainability and 
green production promotes the use of various waste 
materials instead of raw materials such as cement and 
aggregates (Tam et al. 2018; Huseien et al. 2019). 
Therefore, it leads to the production of an 
environmentally friendly structure with the use of waste 
materials (Mohammadhosseini et al. 2018). 

Portland cement is the most widely used binder in the 
construction industry. On the other hand, Portland 
cement consumption has been discussed for many years 
due to approximately 1.5 billion tons of CO2 emission per 
year and 36% of global energy consumption (Andrew 
2018; Kermeli et al. 2019). 

Many researches are conducted on both fire 
resistance and the evaluation of waste products. In 
recent years, mineral additives have been used in 
mixtures to provide high temperature resistance. Among 
them, fly ash, blast furnace slag and silica fume are the 
most common (Akca and Özyurt 2018; Liang et al. 2018). 

The effects of high temperature on the hardened 
properties of blended mortars containing pumice and fly 
ash powder were investigated. The produced mortars 
were exposed to 300 °C, 600 °C and 900 °C for 3 hours in 
mixtures containing 0%, 20%, 40% and 60% FA. 
Experimental results showed that pumice mortar 
containing 60% FA performs better, especially at 900 °C 
(Aydın and Baradan 2007). 

In this study, the use of mineral additives was 
investigated in order to evaluate the waste products and 
to increase the durability of cement-based materials 
against the fire disaster that can be encountered today. In 
this context, 1%, 2% and 3% by weight of cement, K, 
10%, 20% and 30% of BFS, MP and FA were replaced by 
light mortars. After curing the mortar samples for 7 days, 
their mechanical properties such as flexural and 
compressive strengths were determined, and after 28 
days of curing, their physical properties such as water 
absorption and porosity were determined. Mortar 
samples were exposed to 200, 400, 600 and 800 ⁰C 
temperatures after 28 days. Weight losses, flexural and 
compressive strengths were determined after the 
applied heat. 

 
 

2. MATERIALS AND METHODS 
 

2.1. Materials 
 

The cement, which is among the components of the 
mortar used in the production of test samples, is CEM I 
42,5 R type cement produced in accordance with TS EN 
197-1 (2012). Fly ash (FA), Blast Furnace Slag (BFS), 
Colemanite (K) and Marble Powder (MP) are used as 
mineral additives and their physical and chemical 
properties were given together cement in Table 1. 
Mineral additives were used by replacing with cement at 
the rates specified by weight. While mineral additives K 
were used at 1%, 2%, 3% rates, BF, AS and BF were used 
at 10%, 20%, 30% rates. In the experimental study, city 
water of Osmaniye Province, which complies with TS EN 
1008 was used (2003). 

Pumice aggregate with 0-4 mm grain size was used in 
the mortar samples produced within the scope of the 
study. It contains numerous pores from macro scale to 
micro scale due to sudden cooling of the gases in the body 
and sudden cooling during pumice formation. It is light, 
can float in water for a long time, has low permeability 
and is highly insulated since it is generally 
interconnected between pores. Chemical content of silica 
can be up to 75%. The SiO2 ratio of the rock gives the rock 
an abrasive feature. Al2O3 composition provides high 
resistance to fire and heat. Pumice deposits in Turkey, 
Urgup Avanos and Kayseri Talas- Tomarza-Develi and 
concentrated in Osmaniye (Yasar and Erdogan 2005). In 
this study, pumice aggregate, whose chemical properties 
are given in table 2, which has the basic character 
obtained from Osmaniye Province, was used. 
 

Table 1. Chemical and physical analysis results of CEM I 
42,5 R Portland cement, fly ash (FA), Blast Furnace Slag 
(BFS), Colemanite (K) and Marble Powder (MP)  

Chemical 
Analysis 

CEM I 
42,5/R 

 
FA BFS K MP 

B2O3 - -  39,85 - 
SiO2 19,33 47,4 32,8 5,60 4,67 
Al2O3 4,74 19,8 11,8 0,15 0,08 
Fe2O3 2,72 11,8 1,45 0,03 0,03 
CaO 63,20 6,66 39,8 27,24 51,80 
MgO 0,98 4,76 4,15 2,84 18,38 
Na2O 0,12 0,57 0,51 0,10 0,05 
Ignition Loss 3,94 2,76 2,2 24,06 45,98 
Specific 
Surface 
(cm2/g) 

3983 3126 4982 3839 6740 

Specific 
Weight 
(g/cm3) 

3,12 1,99 2,8 2,50 2,63 

 

Table 2. Chemical analysis of basaltic pumice 
Chemical Analysis  Pumice (%) 
SiO2 45,95 
Al2O3 19,95 
Fe2O3 7,53 
CaO 13,23 
MgO 6,24 
Na20+K2O 6,69 
Diğer 0,41 
Total 100 
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2.2 Methods 
 

The amount of materials used in the samples 
produced in the experimental study are given in Table 3. 
Reference sample consists the mixture of pumice 
aggregate, cement and water. In other samples, FA, BFS, 
K and MP were used and the difference was observed. 
10%, 20%, 30% FA, BFS, MP and 1%, 2%, 3% K mineral 
additives were replaced by weight of cement. After 
making the mortar mixture, the lubricated molds were 
placed on the cement shaking table and the concrete 
mortar was poured into the molds in two stages. The 
mortar samples, which completed the set in the mold for 
24 hours, were removed from the molds and cured in 
standard curing pools for 7 and 28 days. The flexural 
strength determination in accordance with TS EN 196-1 
(2016) standard and compressive strength in accordance 
with TS EN 12390-4 (2002) were determined for the 
mortar samples filling the 7th day. It was calculated in 
accordance with TS EN 1170-6 (1999) standard with the 
help of the Archimedes principle in order to determine 
the physical properties of the mortar samples filling the 
28th day, such as water absorption and porosity. High 
temperature application was carried out in accordance 
with the principles specified in TS EN 13501-1 (2019) 
standard. 

According to the standards, real fire occurs between 
20-1000 °C and within 15-300 minutes. Mortar samples 
were applied at a temperature of 200 °C, 400 °C, 600 °C 
and 800 °C with a temperature increase rate of 10 °C / 
min in a 1800 ºC laboratory type oven and kept in the 
oven for 60 minutes at all temperatures. Then it was left 
to cool until it reached the temperature of the laboratory 
conditions. Samples subjected to high temperature, 
flexural, compressive tests and weight losses were 
determined after cooling. 
 

3. RESULTS AND DISCUSSION 
 

The water absorption (%) values by weight of the 
mortar samples are given in Figure 1 and porosity (%) 
values are given in Figure 2. A decrease in water 
absorption and porosity rates was observed in 30% of all 
mineral additives and in all ratios of K. With the use of FA, 
water absorption and porosity values increased up to 
20% compared to the reference sample, while its use 
decreased by 30%. In the use of BFS, it was observed that 
the water absorption and porosity rates decreased with 
the increase of BFS rate and low water absorption and 
porosity values in all ratios compared to the reference 
sample. In case of using 1% and 3% of K, water 
absorption and porosity values decrease according to the 
reference, while 2% increase has been observed. With 
the use of MP 10%, water absorption and porosity values 
reached their highest value and a decrease was observed 
with the increase in the rate. The lowest water 
absorption value was obtained with the use of 30% BFS 
with the rate of 5.91% and the lowest water absorption 
with the ratio of 9.01% in mortars where 10% MP was 
used. The highest porosity value was obtained in mortars 
using 10% MP with a rate of 17,30%, and the highest 
water absorption was achieved with the use of 30% BFS 
with a rate of 11,97%. With the increase of mineral 

additives in the mortar, the amount of fine material 
increases. The need for water increases as the surface 
area increases with the increase of the fine substance. 
Settlement difficulties due to the need for water reveals 
difficulties and causes it to settle more porous, in this 
case, it causes an increase in water absorption and 
porosity values.  
 

 
Figure 1. Water absorption values by weight (%) 
 

 
Figure 2. Porosity values by weight (%) 
 

The compressive strengths of the mortar samples are 
given in Figure 3 and the flexural strengths are given in 
Figure 4. A decrease in compressive strength was 
observed in all mineral additive types except for mortar 
samples used by 10% of MT. With the increase in the rate 
of mineral additives, there was a decrease in compressive 
strength in general. However, in case of rising the FA rate 
to 20%, an increase in compressive strength is observed, 
while a 30% decrease is observed. 7-day compressive 
strength was observed in the reference sample with the 
highest 53.48 MPa, while the lowest with 39.93 MPa in 
case of using 30% BFS. The 28-day compressive strength 
was observed in the sample using the highest 62.15 MPa 
and 10% MP, while the lowest 30.50 MPa and 30% MP 
were used. In case the rate of MP increased from 10% to 
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30%, the compressive resistance decreased by 
approximately 50%. A decrease in flexural strength was 
observed in all mineral additive types except MP and FA's 
10% used mortar samples. With the increase in the ratio 
of mineral additives, there was a general decrease in 
flexural strength. 7-day flexural strength was observed in 
the samples with the highest 6,99 MPa and 10% FA, while 
the lowest was 4.76 MPa and 30% MP. The 28-day 
flexural strength was observed in the sample with the 
highest 8.99 MPa and 1% K, while the lowest was 5.79 
MPa and 30% MP. 

Figure 3. 7 and 28 days Compressive Strength of mortar 
samples 
 

 
Figure 4. 7 and 28 days Flexural Strength of mortar 
samples 
 

After applying high temperature, the weight losses of 
the samples were given in Figure 5. With the increase in 
temperature, weight losses have increased. With the use 
of mineral additives, weight losses after high 
temperature are decreased. The reference sample 
showed a 2.78% weight loss in 200°C, weight loss 
increased at 800°C, which increased to 8.52%.The lowest 
weight losses were observed in 200°C with a value of 
1.14% for 10% MP-additive, 2.34% in 400°C and 30% 

MPa additive, 2.83% in 600°C and 3% K additive, 7.40% 
in 800°C and 30% MP additive. The highest weight loss 
at all temperature values was seen in reference samples. 
 

 
Figure 5. Weight loss before and after high temperature 
(%) 
 

Compressive strengths of 28 days samples before and 
after temperatures are given in Figure 6 and flexural 
strengths are given in Figure 7. Along with the increase 
in temperature, Compressive and flexural strengths 
decreased in high rates. As the temperature increases 
more, the shrinkage that will occur with the loss of this 
water increases the strength of the concrete, and the 
vapor pressure that appears in the concrete may cause 
the concrete cover to crack and break off. Another 
component in the cement paste next to C-S-H is Ca(OH)2 
(calcium hydroxide). The chemical water and gel water 
of C-S-H start to disappear from 300 ᵒC and turn into CaO 
by losing Ca(OH)2 water around 530 ᵒC (Khoury 1996). 
Damages occurring at some temperatures cause the 
strength of concrete to decrease significantly (Poon et al. 
2001).The flexural and compressive strength losses 
occurring in the reference sample for all temperatures 
are higher than the mortars that have mineral additives 
in mixture. It has been observed that with the use of 
mineral additives, mechanical losses caused by high 
temperature are reduced. When the compressive 
strengths are examined, a 78.68% reduction in 
compressive strength is observed in the reference 
sample with the temperature rising to 800 ⁰C. The lowest 
compressive strength loss in FA mineral admixed 
mortars is 61.34% in FA use, 20% in BFS mineral 
admixture mortars, 57.87% in BFS use, 1% in K mineral 
admixture mortars, 60.26% in K use, and MP mineral 
admixture 63.2% of the mortars are used in 10% MP 
usage.  

When the flexural strengths are examined, a 75.14% 
reduction in the compressive strength is observed with 
the temperature rising to 800 ⁰C in the reference sample. 
The lowest flexural strength loss in FA mineral admixed 
mortars is 69.04% in 20% FA use, 20% in BFS mineral 
admixed mortars, 67.87% in BFS used, 61.9% in 1% use 
with K mineral admixture mortars, 61.9% in MP used and 
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56.2% occurred when the mortars are used in 10% MP 
used. It is observed that 20.81% decrease in flexural 
strength and 21.77% decrease in flexural strength 
occurred with the use of mineral additives. It has been 
observed that the use of mineral additives increases the 
resistance of mortars to high temperature. 
 

 
Figure 6. Compressive strengths before and after high 
temperature (MPa) 

 

4. CONCLUSION  
 

 A decrease in water absorption and porosity rates 
was observed in 30% of all mineral additives and in 
all ratios of K. 

 The lowest water absorption value was obtained 
with the use of %30 BFS with a ratio of 5,91 % and 
the highest water absorption with the use of 10% MP 
with a ratio of 11,97%. 

 The lowest porosity value was obtained with the use 
of 10% BFS with 11,97 % and the highest porosity 
with the use of %10 MP with 17,30%. 

 With the increase of mineral additives in the mortar, 
the amount of fine material increases. The need for 
water increases as the surface area increases with 
the increase of the fine substance. Settlement 
difficulties due to the need for water reveals 
difficulties and causes it to settle more porous, in this 
case, it causes an increase in water absorption and 
porosity values. 

 With the increase in the ratio of mineral additives, 
there was a general decrease in compressive and 
flexural strengths. However, when using MPE rate 
increase in the compressive strength observed at 
10%, it was observed with increasing reduction rate 
of the MPA. 

 7-day flexural strength was observed in the sample 
with the highest 6,99 MPa and 10% FA, while the 
lowest was 4.76 MPa and 30% MP. The 28-day 
flexural strength was observed in the sample with 
the highest 8.99 MPa and 1% K, while the lowest was 
5.79 MPa and 30% MP. 

 It was observed that weight losses increased with 
increasing temperature. With the use of mineral 
additives, it is observed that weight losses decrease 
after temperature. The highest weight loss reference 
sample is seen for all temperatures. 

 The lowest weight losses in mortars with 10% MP 
with a value of 1.14% at 200 ⁰C, with a value of 2.34% 
at 400 ⁰C and 30% with MP additive, 3% at 600 ⁰C 
with a value of 2.83% It was observed in mortars 
with 30% MP additives with a value of 7.40% at 800 
⁰C. 

 With the increase of temperature, high rates of 
compressive and flexural strengths decreased. The 
flexural and compressive strength losses occurring 
in the reference sample for all temperatures are 
higher than the mortars that have in mineral 
additives in mixture. It has been observed that with 
the use of mineral additives, mechanical losses 
caused by high temperature are reduced. 

 It is observed that with increasing temperature, 
weight loss increases, flexural and compressive 
strengths decrease in all samples. With the use of 
mineral additives, it was observed that both the 
weight losses and the losses in flexural and 
compressive strengths decreased and the mortars 
became more resistant to high temperature. 
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