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The calculation is done using excel spread sheet by using the above formulas.Five points are 

calculated for each multi-layered column and the uni axial p-m interaction diagrams are 

plotted.The p-m diagrams are presented below. 

 

 

Figure 4.8 Load-Moment Interaction of column 

From the P-M Interaction diagrams its observed that the increment of number of layers of 

metal sheet increases the axial capacity of composite column. Hence as we add one layer, we are 

increasing the thickness of the steel which intern enhance the axial capacity of composite 

column. This is seen from all p-m interaction diagrams of respective multi-layered columns. 

From p-m interaction diagrams the uni-axial moment capacity of multi-layered columns 

significantly increased as we increase number of layers. The increment of number of layers 

increase the strength of steel to confine the internal concrete core making more ductile. This rise 
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ABSTRACT 
High temperature on concrete members affects serviceability and rehabilitation of 

buildings and other reinforced concrete structures. Therefore, to assess the performance 

of reinforced concrete members it is important to understand the changes in the concrete 

properties due to extreme temperature exposure. This study examined the effect of 

elevated temperatures on the compressive and tensile strength of concrete made with 

scoria-marble powder as a partial replacement of cement. In this paper; temperature 

intensity, temperature  duration, percentage of scoria-marble replacement and curing age 

of concrete considered as variable parameters with constant concrete grade(C20/25). 

Samples from five different concrete mixes with scoria-marble percentage of 0%, 5%, 

10%, 15% and 20%  were  prepared. Temperature intensities of 300°C 600oC and  900°C 

used  for exposure durations of 1, 4 and 8 hours. During experimental test 150 concrete 

cylinders and 315 concrete cubes  were casted and tested. Compressive strength and split 

tensile strength for each replacement percentage, temperature intensity and temperature 

duration were determined. In addition, changes to physical properties of concrete 

including mass loss, color change, spalling, and cracking have been examined. Test 

results indicated that the compressive strength of scoria marble (SM) partially replaced 

cement concrete at 300°C is comparable to room temperature value. The results also 

revealed that 5% and 10%  SM replaced concrete retained higher compressive strength 

relative to concrete with out SM replacement (control level), this implies optimum value 

of SM  replacement of cement  at elevated temperature is 10%. 
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placed along two axial lines that are diametrically opposite on the specimen. (ASTM 

C496/C496M , 2017) 

The tensile strength of concrete is often neglected in strength calculations at room and 

elevated temperatures. However, it is an important property, because cracking in concrete 

is generally due to tensile stresses and the structural damage of the member in tension is 

often generated by progression in micro cracking. (Mindess S and Darwin D. 2003 ), 

2.1.3. Effect of cement replacing materials or pozzolans on concrete 

Demirel & Kelestemur (2010,) investigated the effect of elevated temperature on the 

mechanical and physical properties of concrete specimens obtained by substituting 

cement with finely ground pumice at proportions of 5%, 10%, 15% and 20% by weight. 

The specimens were heated in an electric furnace up to 400, 600 and 800°C and kept at 

these temperatures for one hour. The reduction in the compressive strength of concrete 

was significantly larger for samples exposed to temperatures higher than 600 0C. They 

concluded that this result was due to the lost of water in addition to the changes in the 

morphology and the formation of micro cracks.  

Wild et al. (1996) have investigated the effect of varying percentages of metakaolin on 

the compressive strength of concrete mixtures. Replacement levels of ordinary Port land 

cement (OPC) by metakaolin (MK) were 0, 5, 10, 15, 20, 25, and 30%. They concluded 

that inclusion of MK as partial replacement of cement enhanced the compressive strength 

of concrete at all ages, but the optimum replacement level of OPC by MK to give 

maximum long term strength enhancement was about 20%. 

2.2 Previous studies on marble waste and volcanic scoria as a 

cement replacement  
Tadele Y.(2022) studies the assessment of the workability, quality, compressive strength, 

tensile strength, and water absorption properties of concrete by partially replacing cement 

with waste marble powder and volcanic scoria (Red ash). The chemical composition for 

marble and scoria used in the study indicates, marble contains around 50% CaO and 

scoria  54% SiO2. As these two chemical oxides are the major chemical oxides found in 

cement. The experiment conducted with marble to scoria ratio of 1:2, 1:1 and 2:1, 5%, 

10%, 15% and, 20% of cement was replaced. From a compressive strength point of view, 
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the results indicate that marble and volcanic scoria powders could replace cement up to 

15% with marble to scoria ratio of 1:1.  

Al-Swaidani and Aliyan, (2015), investigated the effects of adding scoria as cement 

replacement on durability-related properties by varying the replacement level from 10 to 

35%. They have carried out a rapid chloride penetration test following two curing periods 

of 28 and 90 days. Test results revealed that the resistance to chloride penetration of 

concrete improves substantially with the increase of replacement level, and the concretes 

containing scoria-based-blended cement exhibited corrosion initiation periods several 

times longer than the control mix. Further, an increase in scoria addition improves the 

acid resistance of mortar, especially in the early days of exposure, whereas after a long 

period of continuous exposure all specimens show the same behavior against the acid 

attack. 

Aref M. al-Swaidani, (2017), study the production of more durable and sustainable 

concretes using volcanic scoria as cement replacements. Compressive and tensile 

strength development of concretes containing volcanic scoria with replacement levels 

ranging from 10 to 35% was investigated. Water permeability, chloride penetrability, and 

porosity of concretes cured for 2, 7, 28, 90, and 180 days were also examined. Results 

revealed that volcanic scoria could be suitable for making blended cement. At 90-days of 

curing, the strengths of volcanic scoria-based concrete were comparable to those of plain 

cement.  

Tchamdjou, (2017), assessed the use of volcanic scoria as cement replacement and fine 

aggregate by sand substitution in mortar for masonry. Natural pozzolans powder with 

different fineness and from different colors was taken and cement was replaced by 25 

and 45% by mass and mortars containing Volcanic scoria  as sand substitution of 25, 50, 

75, and 100% by mass was made.  

Tunc, (2018) studied the strength of concrete containing marble waste and states  it is 

necessary to prioritize recycling applications to contribute to the marble industry, and 

economy. It is also stated that, currently, the waste marble is used extensively in concrete 
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instead of aggregate and cement. The review indicates that the use of waste marble in 

concrete at certain rates was viable to replace the coarse/fine aggregate and, cement . 

Hasan Arel, (2016), reviewed in-depth the recyclability of waste marble in concrete 

production. Based on the review, it was observed that CaCO3 and SiO2 are present in the 

chemical structure of marble. And marble powder that was replaced in cement in excess 

of 20% was determined to have adverse effects on the compressive strength and 

workability of concrete. 

As per Akinwumi, (2016) and Negesse Berhanu (2021),  marble powder  improves the 

compressive strength of concrete by 2.34% at 10% replacement of cement and the 

splitting tensile strength by 11.34%. whereas a 15% replacement increases the flexural 

strength by 19.73% as compared with the control mix. 

 

2.3  Chemical composition of Marble and volcanic scoria 
Hasan Arel (2016) and Dure, Lulit, and Ahn (2018) stated the chemical composition of 

marble mainly includes calcite, dolomite and serpentine. SiO2, limonite, Fe2O3, MgO, 

and Fe2O3 are the major chemical impurities associated with marble. Generally Table 2-

1 shows the chemical composition of marble based on Tewodros Getachew and Miskir 

Gebrehiwot (2020).  

Table 2-1 Chemical composition of Marble  

Chemical Composition 
Weight % 

Silica (SiO2) 0.37 
Alumina (Al2O3) 0.23 

Alkalis (K2O + Na2O) 0.26 
Ferric Oxide (Fe2O3) 0.2 

Lime (CaO) 54.2 
Magnesia (MgO) 0.49 

Sulfur trioxide (SO3) 0.5 
Loss on ignition 42.23 

 

Tchamdjou, (2017) stated Chemical composition of Volcanic scoria mainly includes silica, 

Alumina, Ferric Oxide  and Lime. In addition, composition varies from location to location. 
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Table 2-2 below shows the chemical composition of scoria based on Begashaw and Bahiru 

(2020). 

Table 2-2  Chemical composition of Ethiopian scoria  

Chemical Composition Percentage% 
Silica (SiO2) 47.2-50 

Alumina (Al2O3) 16.1-16.5 
Alkalis (K2O + Na2O) 3.6-4.2 
Ferric Oxide (Fe2O3) 12.4-13.7 

Lime (CaO) 8.2-10.8 
Magnesia (MgO) 5.4-6.2 

Titania (TiO2) 2.4 
Phosphorous Pentoxide (P2O5) 0.5 

 

2.4  Availability of marble waste and volcanic scoria 
Begashaw and Bahiru (2020) stated  there are more than fourteen marble processing 

plants in different parts of Ethiopia including Kokeb Marble & Paint Factory .Marble for 

this study was taken from a local marble factory called Kokeb Marble & Paint Factory. 

The factory was established and inaugurated in Bahir Dar, Amhara Regional State on 

November 19, 2017. It is a large size factory having an annual production capacity of 25 

million liters of paints and 50,000m2 of marble. The factory creates 51.7% of waste from 

the total raw material used for marble production. 

Volcanic Scoria (VS) is also highly abundant and available in different parts of Ethiopia 

including Bahir Dar. Though the application of scoria in our country is limited to road 

construction and production of hollow concrete blocks (HCB), previous studies revealed 

that volcanic scoria from different construction around the world exhibit high pozzolanic 

behavior and can replace cement up to a certain level based on the desired properties of 

the final output. (Negussie T. and Taye S. 1984) 

2.5  Conclusion from literature review 
The literature review confirms that elevated temperatures have a detrimental effect on 

the strength of concrete. Moisture loss, changes in cement hydration, thermal spalling, 

and reduced load-bearing capacity contribute to the strength reduction. Concrete mix 

design parameters, including aggregate type and the use of supplementary cementitious 
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materials, play a crucial role in mitigating strength loss and improving fire resistance. 

Understanding these effects is essential for designing fire-resistant structures and 

implementing appropriate safety measures in high-temperature environments. 

 

Experimental studies on different properties of concrete exposed to elevated temperature 

have been conducted by different researchers. Based on the assessed reviews temperature 

range of 300 0C up to 900 0C and temperature exposure duration range of 1hour up to 8 

hour summarized based on critical strength changes.  

The effect of elevated temperature on concrete made by substituting its ingredients with 

different materials particularly marble and scoria as a partial replacement of cement at 

elevated temperature was not investigated. So this study conducted to investigate the 

strength of concrete made by partially replacing cement with scoria - marble powder  at 

elevated temperatures. 
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 3.  MATERIALS AND METHODS 

3.1 Introduction   
The aim of this experimental work was to investigate the effect of elevated temperature 

on  the  compressive and tensile strength  of concrete when scoria and marble partially 

replaces cement. Three different temperature intensities of 3000C,600 0C and 9000C 

considered  for 1hour,4 hour  and 8 hour temperature exposure duration for each scoria-

marble (SM) replacement levels. 

This sections deals with the materials used to prepare specimens, the experimental 

procedures followed and the test methods used for the study. The procedure followed in 

this study is summarized in the form of chart shown below,  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3-1 research design  flowchart 
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3.4. Mixing and Casting of Concrete 

All ingredients are measured according to their proportion. Thorough mixing of the 

materials is essential for the production of concrete which is uniform in colour, 

homogeneous, and consistency. A tilting drum concrete mixer that has a capacity of 0.5 

m3 was used to mix concrete ingredients.  Cement, fine aggregate and coarse aggregate 

are thoroughly mixed at dry state for about 3min. and then the weighted water added and 

mixed in wet stage. Once a concrete mix was done, the slump of concrete is measured 

after  compaction of concrete in three layers with 25 stokes of 16 mm rod  for each layer. 

The mix workability was checked by slump cone and the fresh concrete was fed directly 

into the molds. During casting, ø10cmx20cm cylindrical molds and 15cmx15mx15cm 

cubic molds used to made samples for compressive strength test and split tensile strength 

test respectively. After 24 hours of casting, the samples were taken out of the mold and 

immersed into curing tanks.  

3.5. Temperature exposure of concrete specimens 
The conventional method of testing any building construction and materials samples for 

fire performance is based in burning furnaces, which is well equipped with temperature 

measuring sensors and controlled fueling mechanism for burning. In this experiment 

concrete samples exposed to elevated temperature using electric furnace  which is  

available in chemical engineering department laboratory.  

Both cylindrical and cubic concrete specimens are exposed for three different 

temperature intensities of 300 0C,600 0C and 900 0C for 1 hour,4 hour and 8 hour 

temperature exposure duration. From previously worked researches the critical exposure 

temperature range is 300 0C-900 0C in terms of  strength loss and the time to make under 

control of medium  fire accident is from one  to four  hours and other studies use from 1 

hour -8 hour duration. So the upper limit is taken and eight hour is considered for further 

understanding. So the lower and upper limits  are taken for comparison and middle ranges 

considered for further understanding. 
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3.6.3. Compressive strength test 

Compressive strength is the capacity of a material or structure to withstand loads tending 

to reduce its size. Compressive strength of concrete is one of the major properties that 

affected when the hydration product of cement is attacked by the elevated temperature.   

 

The compressive strength test for the standard cubes was conducted for a curing period 

of  28 and 90 days concrete samples using automatic compression machine. After heating, 

specimens were left to cool down under natural conditions.  

 
Figure 3-4  Automatic compression machine. 

 

3.6.4. Split tensile strength test 

The tensile strength of concrete is often neglected in strength calculations at room and 

elevated temperatures. However, it is an important property, because cracking in concrete 

is generally due to tensile stresses and the structural damage of the member in tension is 

often generated by progression in micro cracking. Concrete is weak in tension due to its 

brittle nature. Hence it is not expected to resist the direct tension. Therefore, concrete 

develops cracks when tensile forces exceed its tensile strength.  
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Figure 4-1 compressive strengths of concrete at different temperature exposure with 1 

hour exposure duration (28th day concrete)  

 

Figure 4-2 compressive strengths of concrete at different temperature exposure with 1 

hour exposure duration (90th day concrete)  

Table  4-6 above shows , at 3000 C with 1 hour exposure time the compressive strength 

of SM partially replaced cement concrete is comparable to the strength at normal 

temperature with maximum percentage reduction of 8.47% at 20% SM replacement while 

at 6000 C the reduction in compressive strength reaches 42.35% at the same SM content 

& temperature duration. At 9000 C the reduction in compressive strength reaches about 

76.55% with 20% SM content with 1hour exposure duration. These results indicate that 

temperature magnitude  has significant influence on the compressive strength of concrete 

particularly SM blended cement concrete at temperatures above 3000 C. Based on Table 

4-7 compressive strength percentage reduction increases as the temperature intensity 

increases. 

Table and graph below shows the compressive strengths and percent reduction in 

compressive strength of concrete relative to room temperature value with 4 hour exposure 

duration for each curing age of concrete (28th and 90th day).. 
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Figure 4-3 compressive strengths of concrete at different temperature exposure with 4 

hour exposure duration (28th day concrete) 

 

Figure 4-4 compressive strengths of concrete at different temperature exposure with 4 

hour exposure duration (90th day concrete) 

Table  4-8  above shows , at 3000 C with 4 hour exposure time the compressive strength 

of SM partially replaced cement concrete is comparable to the strength at normal 

temperature with maximum percentage reduction of 11.4% at 20% SM replacement while 

at 6000 C the reduction in compressive strength reaches 46.58% at the same SM content 

& temperature duration. At 9000 C the reduction in compressive strength reaches about 

83.39% with 20% SM content and 4 hour exposure duration. Based on Table  4-9  90th  

day compressive strength indicates, at 3000 C with 4 hour exposure time the compressive 

strength of SM partially replaced cement concrete is comparable to the strength at normal 

temperature. 

Table and graph  below shows the compressive strengths and percent reduction in 

compressive strength of concrete relative to room temperature value with  8  hour 

exposure duration for each curing age of concrete (28th and 90th day). 

Table 4-10  compressive strengths and percent reduction in compressive strength of 
concrete  with 8  hour exposure duration (28th day concrete)  
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Figure 4-6 compressive strengths of concrete at different temperature exposure with 8 

hour exposure duration (90th day concrete) 

Table  4-10  above shows , at 3000 C with 8 hour exposure time the compressive strength 

of SM partially replaced cement concrete is comparable to the strength at normal 

temperature with maximum percentage reduction of 12.4% at 20% SM replacement while 

at 6000 C the reduction in compressive strength reaches 53.09% at the same SM content 

& temperature duration. At 9000 C the reduction in compressive strength reaches about 

84.36% with 20% SM content and 8 hour exposure duration. As Table 4-11 shows 90th  

day compressive strength  percentage reduction shows similar pattern with 28 th  day 

concrete result. 

4.3.2. Effect of temperature exposure duration on compressive strength  

This section describes the effects of temperature exposure duration on the compressive 

strength of concrete and compressive strength percentage reduction by varying 

temperature exposure hours with constant temperature intensity. Three temperature 

durations of 1hr, 4hr and 8hr for each temperature intensities have been discussed for 

each curing age of concrete (28th and 90th day). .  
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Table and graph below shows the compressive strengths and percent reduction in 

compressive strength of concrete relative to room temperature value with 3000C 

temperature exposure specimen. 

Table 4-12 compressive strengths and percent reduction in compressive strength with 
3000C temperature exposure (28th day concrete) 

Replacemnt% 

compressive strength (MPa) 

percentage 
reduction % 

compared to room 
temp 

Room 1 hour 4 hour 8  hour 
1 
hour 

4 
hour 

8  
hour 

0 34.4 33.6 32.4 31.9 2.33 5.81 7.27 
5 34.6 33.5 32.6 32.5 3.18 5.78 6.07 

10 35.4 33.4 32.6 32.3 5.65 7.91 8.76 
15 32.9 30.4 29.8 29.7 7.60 9.42 9.73 
20 30.7 28.1 27.2 27 8.47 11.40 12.05 

 

Table 4-13compressive strengths and percent reduction in compressive strength with 
3000C temperature exposure (90th day concrete) 

Replacement% 

compressive strength (MPa) 

percentage 
reduction % 

compared to room 
temp 

Room 1  hour  4 hour 8 hour 
1 
hour 

4 
hour 

8  
hour 

0 34.14 33.34 32.14 31.64 2.34 5.86 7.32 
5 34.4 33.3 32.4 32.3 3.20 5.81 6.10 

10 37.5 35.5 34.7 34.4 5.33 7.47 8.27 
15 34.42 31.92 31.32 31.22 7.26 9.01 9.30 
20 31.6 29 28.1 27.9 8.23 11.08 11.71 
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Figure 4-7 compressive strengths of concrete at different temperature duration with 

3000C temperature intensity  (28th day concrete) 

 

Figure 4-8 compressive strengths of concrete at different temperature duration with 

3000C temperature intensity  (90th day concrete)  

As Table 4-12 and Table 4-13 shows when the time of fire exposure increases, the 

reduction in compressive strength also increases for all levels of scoria marble 

replacement. Generally, although a slight difference in strength is occurred due to the 
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strength of SM blended cement concrete at 300 0C is comparable to the control as shown 

in Figure 4-7 and Figure 4-8. This implies SM partially replaced cement concrete is stable 

up to temperature of 3000 C for all temperature durations. 

Table and graph below shows the compressive strengths and percent reduction in 

compressive strength of concrete relative to room temperature value with 6000C 

temperature exposure specimen. 

Table 4-14 compressive strengths and percent reduction in compressive strength with 
6000C temperature exposure (28th day concrete) 

Replacement% 

compressive strength (MPa) 

percentage reduction 
% compared to room 

temp 

Room 1 hour 4 hour 8  hour 
1 
hour 

4 
hour 

8  
hour 

0 34.4 23.4 21.5 19.6 31.98 37.50 43.02 
5 34.6 24.1 22.8 21.7 30.35 34.10 37.28 

10 35.4 24.4 23.4 21.3 31.07 33.90 39.83 
15 32.9 21.9 20.8 19.2 33.43 36.78 41.64 
20 30.7 17.7 16.4 14.4 42.35 46.58 53.09 

Table 4-15 compressive strengths and percent reduction in compressive strength with 
6000C temperature exposure (90th day concrete) 

Replacement% 

compressive strength (MPa) 

percentage reduction 
% compared to room 

temp 

Room 1  hour  4 hour 8 hour 
1 
hour 

4 
hour 

8  
hour 

0 34.14 23.14 20.8 19.2 32.22 39.07 43.76 
5 34.4 23.9 21.6 20.7 30.52 37.21 39.83 

10 37.5 26.5 23.8 22.4 29.33 36.53 40.27 
15 34.42 23.42 22.3 21.5 31.96 35.21 37.54 
20 31.6 18.6 17.3 16.2 41.14 45.25 48.73 

 











 

40 
 

0 34.14 33.34 32.14 31.64    
5 34.4 33.3 32.4 32.3 0.12 -0.81 -2.09 

10 37.5 35.5 34.7 34.4 -6.48 -7.97 -8.72 
15 34.42 31.92 31.32 31.22 4.26 2.55 1.33 
20 31.6 29 28.1 27.9 13.02 12.57 11.82 

 

 

Figure 4-13 compressive strengths of concrete at different SM replacement percentage 

with 3000C temperature intensity  (28th day concrete) 
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