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 The reuse of construction and demolition waste as a new aggregate source can be a very 
beneficial option to reduce environmental pollution and to contribute to the protection of 
natural resources. However, the performance of Recycled Concrete Aggregates (RCA) needs 
to be more studied. In order to clarify this point, an experimental study was conducted to 
evaluate the mechanical and physical properties of concrete made with partial and total 
replacement of natural coarse aggregate by recycled Refractory Brick Aggregate (RBA). Two 
parameters were considered in this work:(1) RBA replacement percentages (10%, 20%, 30%, 
40%, 50%, 70% and 100%) ;(2) water/cement ratios (i.e., 0.59 and 0.38). A total of 98 specimens 
of RAC were prepared and tested. The following physical and mechanical properties were 
examined:(1) water porosity;(2) density ;(3); ultrasonic pulse velocity (UPV);(4) compressive 
strength ;(5) dynamic elasticity modulus. In conclusion, the performance of RAC decreases 
with an increase in the replacement ratio of RBA. However, concrete can be manufactured 
with up to 30% of RBA to reach acceptable properties and good quality.   
 

1.Introduction 

Construction and demolition wastes form a large part of the world's 
waste, the use of these wastes as aggregates is environmentally and 
economically important and help to reduce the consumption of raw 
materials. In literature, several studies have been investigated the 
possibility of using construction and demolition waste as aggregates 
(coarse, fine or both) in the production of concrete and researchers 
showed that the concrete made with recycled aggregates performs 
better than natural aggregates for replacement ratios up to 25% [1-7]. 

Refractory bricks are mainly used especially within the furnace's 
basin such as cement, glass and ceramics. A significant number of 
refractory bricks have served their service life and are being 
demolished for replacement with new ones, which results in a large 
quantity of these wastes, in turn leading to a negative effect on the 
environment. In this regard, about 28 million tons of spent 
refractories waste are generated each year Horckmansa et al. (2019) 
[8]. The reuse of refractory brick wastes in concrete is an important 
step forward to sustainable construction, thus protecting the 
environment and saving natural resources, particularly natural 
aggregate. In fact, very few studies have been conducted on the use of 
recycled refractory brick in concrete. 

A study carried by Kavas et al. (2006) [9] and has the objective of 
produce high temperature resistant mortar by using magnesium-
chromite and alumina based refractory wastes as fine aggregates. 
According to their result, they found that the properties of 
magnesium chromite containing refractory waste brick aggregates 
have given the best results. 

Saida et al. (2015) [10] also investigated the reusing of refractory brick 
wastes as a fine aggregate (by partial substitution of sand) to produce 
cement mortar. The results illustrated that refractory brick wastes, 

with a replacement ratio no large than 20%, can be used as a fine 
aggregate in cement mortars production.  

In another research, Aboutaleb et al. (2017) [11] researched the 
influence of the replacement ratio (10%, 30%, 50%, and 100%) of 
recycled fine aggregate from using refractory bricks on the physical 
and mechanical properties of self-compacting mortars. It was found 
that refractory bricks can be used as fine aggregates for self-
compacting mortar, without affecting the essential properties of 
mortar. 

Nematzadeh and Nasiri. (2018) [12] investigated the effect of high 
temperature on the mechanical behaviors of recycled aggregate 
concretes made with different replacement levels of fine natural 
aggregate by used refractory bricks (0%, 25%, 50%, 75% and 100%). 
They found that the concrete compressive behaviors at higher 
temperatures was improved when the contents of refractory brick 
fine aggregate were higher. However, the study of Nematzadeh et al. 
(2018) [13] led to the conclusion that concrete containing fine 
refractory brick aggregate showed a rather unsatisfactory 
performance in terms of corrosion control against acid attack. 

Additionally, to the substitution of natural aggregate by recycled 
materials, cement was substituted by the recycled materials like 
supplementary cementitious which were able to prepare sustainable 
concrete or mortar. The results obtained by Zeghad et al. (2017) [14] 
showed that refractory bricks finely ground have the potential to be 
used as cementitious material or material or additions for concrete 
manufacture. 

According to this short bibliography which contains a limited number 
of research results on the properties of mortars and concrete made 
with refractory brick aggregate (as fine aggregate or additions), it is 
interesting to investigate the potential of using refractory brick as 
coarse aggregate to produce concrete. For this reason, this research 
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aims to produce concrete by using of recycled refractory brick as 
coarse aggregate by partial substitution of natural coarse aggregate 
at different content (0, 10, 20, 30, 40, 50, 70 and 100%). Concretes 
produced were compared with the conventional concrete in terms of 
physical and mechanical properties (porosity, density, ultrasonic 
pulse velocity, compressive strength, and dynamic elasticity 
modulus). 

2. Experimental details 

2.1. Materials  

In this research, Portland cement (CPJ CEM II/A 42.5) was used as a 
binder. Table 1 shows the chemical composition and mechanical 
properties of this cement measured in the LPCMA laboratory. We can 
observe from Table 1 that the compressive strength of this cement, 
measured after 28 days (35 MPa), did not reach the required strength. 
Two types of natural aggregates were used: siliceous sand(fine 
aggregates)and calcareous crushed stone(coarse aggregates), see 
Figure 1. Furthermore, coarse crushed Refractory Brick Aggregate 
(RBA) was utilized as the coarse natural aggregate replacement. 

The RBA used in this study was obtained from crushing big blocks of 
refractory brick used in the furnace recovered from the cement 
factory, see Figure 2. The RBA was crushed in the laboratory using a 
small jaw crusher and were then sieved to extract the fraction of 
5/25mm in size. The physical properties of natural and recycled brick 
aggregates are summarized in Table 2, they were measured at the 
laboratory according to the following French Standardization (NF): NF 
P 18-554 [15], NF P 18-555 [16], NF P 18-573 [17], NF P 18-598 [18]. 

The grain size distribution was performed following the P 18-560 
standard [19], and it is presented in  

It is worth noting that for the concretes with low water/cement ratio 
(w/c = 0.38) a superplasticizer (GLENIUM® 27) was used to keep 
workability during the mixing process without increasing the water 
content. The superplasticizer (GLENIUM® 27) having a density is 1.05± 
0.02 and ph value is 6.0 ± 1, according to the range recommended by 
the manufacturer (0.3% to 3%of the weight of the cement). 

Table 1. Chemical composition and mechanical properties of cement 

Chemical composition of cement (%) 
Cao SiO2 Fe2O3 Al2O3 MgO SO3 K2O Na2O 
60.1 16.64 3.39 4.34 1.29 3.29 0.68 0.19 

Mechanical properties (MPa) 
 2 days 7 days 28 days 

CS 18.2 30.40 35 
FS 1 1.39 2.7 

CS: Compressive Strength; Fs: Flexural Strength. 

 

   (a)    (b) 

Figure 1. Natural aggregates :(a) calcareous crushed stone (b) 
siliceous sand 

 

As given in Table 2, the RBA used presents a higher density than 
natural aggregate and higher water porosity that leads to much 
higher water absorption. 

Table 2. Physical properties of natural and recycled brick aggregates 

Physical properties     NCA S    RBA 
5/15 15/25 0/5 5/15 15/25 

Apparent density 
(g/cm3) 1.39 1.43 1.55 1.33 1.33 

Absolute density 
(g/cm3) 2.70 2.69 2.85 2.90 2.90 

Water absorption (%) 0.26 0.22 0.67 2.88 2.88 
Porosity (%) 1.56 1.16 - 9.30 9.30 
Water content (%) 0.10 0.11 0.08 0.06 0.06 

Los Angeles abrasion 
     
    30 
 

- 58 

Sand equivalent (%) -  
- 75.8 - - 

Finesse modulus - - 2.51 - - 
 NCA: Natural Coarse Aggregates; S: Sand; RBA:  Refractory Brick 
Aggregate.  

 

Figure 2. Refractory brick aggregates 

 

Figure 3. Particle size distribution curves for the aggregates used 

 

2.2. Manufactured specimens and testing system 

Sixteen concrete mixtures were prepared in two separate groups and 
the composition are presented in Table 3. The first group 
(conventional concretes), tow mixtures with cement dosage of 350 
kg/m3 (w/c=0.59) and 450 kg/m3 (w/c=0.38) were made only of natural 

0

10

20

30

40

50

60

70

80

90

100

0.01 0.10 1.00 10.00

S 0/5

NCA 5/15

NCA 15/25

RBA2 5/15

RBA2 15/25

Sieve size 
   

Pe
rc

en
t p

as
sin

g 
(%

)



Khattab et all.  
 

PACE 2021- Ataturk University, Engineering Faculty, Department of Civil Engineering, Erzurum, 25030, TURKEY  20-23 June 2021 
  3 

 
 

aggregates and prepared according to the Dreux mix design method 
[20], which can be represented by C1NA and C2NA. In the second group 
(RCA), fourteen mixtures with the same cement dosage were designed 
by replacing 10%, 20%, 30%, 40%, 50%, 70% and 100%% by volume of 
NCA by the RBA.   

It should be noted that the mixing water could not be absorbed by RBA, 
these aggregates were soaked in water for 4 hours then air-dried to a 
saturated dry condition before mixing with other ingredients of 
concrete. 

For each mixture, four concrete specimens with 10x10x10 cm3 
dimensions were cast in steel molds and compacted with a vibrating 
table. After casting, these specimens were covered by a thin plastic 
film and kept in the molds for 24 h. Twenty-four (24) hours after 
casting; specimens were removed from their molds and cured under 
water for 28 days at an average temperature of 20 ± 2 °C. 

2.2. Testing procedures 

The water porosity and density in concrete play a major role in 
determining its mechanical properties. IN this study, the concrete 
porosity and density were determined through the water saturation 
method according to AFNOR P 18-554 standard [21] and results were 
based on three specimens for each mixture. 

 

Table 3. Mix proportion of concrete (kg/m3). 

Specimen  S NCA 
5/15 15/25 

RBA 
5/15 15/25 

SP 
(% 

C1NA 688.34 947.84 226.64 - - - 
C2NA 639.43 958.54 180.19 - - 1.4 
C1-RBA10 
C1-RBA20 
C1-RBA30 
C1-RB40 
C1-RBA50 
C1-RBA70 
C1RBA100 

 
 
 
 
 
 
688.34 

853.05 
758.27 
636.48 
568.70 
473.92 
284.35 
- 

203.97 
181.31 
158.65 
135.98 
113.32 
67.9 9 
- 

101.94 
203.90 
305.83 
407.78 
509.72 
713.61 
1019.5 

24.4 7         
48.9 3 
73.4 0 
97.8 6 
122.33 
171.27 
244.67 

 
 
 
 
 
 
- 

C2-RBA10 
C2-RBA20 
C2-RBA30 
C2-RB40 
C2-RBA50 
C2-RBA70    
C2RBA100 

 
 
 
 
 
639.43 

862.69 
766.83 
670.98 
575.12 
479.27 
383.42 
- 

162.17 
144.15 
126.13 
108.11 
90.0 9 
54.06 
     - 

103.10 
206.19 
309.29 
419.39 
515.48 
721.67 
1030.6 

19.4 5 
38.9 0 
58.3 6 
77.8 1 
97.2 6 
136.17 
194.52 

 
 
 
 
 
1.4 

 

C1:for concrete mixtures with cement dosage of 350 kg/m3(w/c=0.58) ; 
C2:for concrete mixtures with cement dosage of 450 kg/m3(w/c=0.38) ; 
NCA: Natural Coarse Aggregates; S: Sand; RBA:  Refractory Brick 
Aggregate; SP: superplasticizer; 0, 10, 20, 30, 40, 50, 70, 100 represent 
the percentage replacement of NCA by RBA; NA: Natural Aggregate. 

The water porosity (P) and density (D) are determined according to 
below equations (1) and (2), respectively. 

                                                       p=(Mw-Ms)/(Mw-Mw`)                               (1) 

                                                         D=Ms/ (Mw- Mw`)                                  (2) 

Where (Ms) is the dry mass and is obtained by drying in an oven at 60 
° C ± 2 ° C until the weight is stable. (Mw) a saturated mass and is 
obtained after the samples are completely saturated with water. (Mw 
') is the submerged mass and was obtained with a hydrostatic balance. 

The Ultrasonic pulse velocity (UPV) tests were conducted according to 
AFNOR PA 18-418 standard [22]. The UPV was considered as a non-
destructive method for assessing the homogeneity and quality of 
concrete and detecting cracks and voids. The UPV can be measured 
from the path length divided by the time needed to spread the wave 
through the sepecime. Measurements for UPV were carried out on 
four specimens of each mixture. 

With the data obtained in the ultrasonic tests, the value of the 
dynamic elasticity modulus was also determined according to the 
following equation [23-26] 

E= (px ѵ2) (1+v) x(1-2v) /(1-v))                (3) 

Where E is the dynamic modulus of elasticity, ѵ is the UPV value, p is 
the oven-dry density, and v is Poisson’s ratio (taken as m = 0.2 for 
concrete). 

The compressive strength of conventional concretes and RAC 
concretes was evaluated according to the standard NF EN 12390-3 [27] 
using a hydraulic press machine with a loading capacity of 3000 kN. 
The loading rate applied in the compressive strength tests was 
maintained at 0.5 MPa/s according to standard NF EN 12390-4 [28]. 
Measurements for compressive strength were carried out on four 
specimens of each mixture. 

3. Results and discussions 

3.1. Water porosity (P) 

(P)measurements were carried out on three samples for each mixture. 
Figure 5 shows the replacement level effect of NCA by RBA on the (P) 
of concretes. It can be observed that concretes prepared with RBA 
present high (P) compared to natural aggregates concrete. The results 
presented in Figure5 shown that when the percentage of replacement 
of NCA by RBA increased, the (P)of concretes was significantly affected 
due to the high porosity of RBA (see Table 2).    

For RCA with w/c ratio of 0.59, the (P)is increased by 10% for C1-RBA10, 
10% for C1-RBA20, 15% for C1-RBA30, 17% for C1-RB40, 20% for C1-
RBA50, 21% for C1-RBA70 and 32% for C1RBA100.However, the 
increase of(P)was higher for RCA with the w/c ratio of 0.38, probably 
due to lower (P) of C2NA (refrence maxture). The increase of (P)is 28%, 
23%, 32%, 35%, 35%, 46%, and 49 % for C2-RBA10, C2-RBA20, C2-
RBA30, 24% for C2-RBA40, C2-RBA50, C2-RBA70, and C2-RBA100, 
respectively.   

In the case of RAC with a w/c ratio of 0.59, the (P) results appear to 
show that at the RBA replacement ratio up to 20%, (P) remained almost 
constant. While in the case of RAC with a w/c ratio of 0.38, there is a 
slight increase in (P)for the concrete made with 20% RBA compared to 
the other substitution ratio.   

It should be noticed from Figure 5 that, for w/= 0.38, RCA had lower 
(P)value than that the RCA with a w/c ratio of 0.58. This can be 
explained by that increase cement content and decreasing w/c ratio 
can the transformation of large capillary pores of RCA, resulting from 
the inclusion of RBA into smaller ones by fill the voids. 

 

Figure 5. Effect of percentage of RBA on concrete porosity 

 

3.2. Concrete density (D) 

The effect insertion on (D) of RCA is shown in Figure 6. The RCA with 
a w/c of 0.59 show a reduction of (D) about 5%, 6%, 5.2%, 4%, 4.5%, 3.5%, 
and 6.4% for C1-RBA10, C1-RBA20, C1-RBA30, C1-RB40, C1-RBA50, C1-
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RBA70 and C1-RBA100, respectively. In the case of RCA with a w/c of 
0.38, the reduction reached 2% for C2-RBA10, 1% C2-RBA20, 2% for C2-
RBA30, 0.3% for C2-RBA40, 1% for C2-RBA50, 2% C2-RBA70, and 5% 
C2RBA100. It can be seen that both RCA exhibited about a lower than 
7% reduction in (D) up to 100% replacement. According to the results 
obtained, the use of RBA does not a significant effect on concrete (D), 
which can be explained by the high density of RBA. This conclusion 
was also reported by Aboutaleb et al. [11], who found that sand 
substitution by refractory brick does not a great effect on the bulk 
density of mortar. 

 

Figure 6. Effect of percentage of RBA on concrete density 

3.3. Ultrasonic Pulse Velocity (UPV) 

The UPV test is used to evaluate the homogeneity of concrete and 
detect cracks and voids. Figure 7 shows the UPV of the cubic 
specimens with RBA. It can be seen from the figure that the UPV of 
both the specimens tested drop with the increase of the replacement 
of NCA with RBA.  

It can be seen in Figure 7 that generally the drop of the UPV of the RCA 
with w/c ratio of 0.59 is quicker than that of the RCA with w/c ratio of 
0.38. For example, the UPV is reduced by 7%, 7%, 7% ,9%, 12%,12%, and 
19% for C1-RBA10, C1-RBA20, C1-RBA30, C1-RB40, C1-RBA50, C1-
RBA70 and C1-RBA100, respectively.  For the RCA with a w/c ratio of 
0.38, the decrease is 4% for C2-RBA10, 5% for C2-RBA20, 5% for C2-
RBA30,6% for C2-RBA40,8% for C2-RBA50, 11% for C2-RBA70 and 14% 
for C2-RBA100. 

The results obtained in this test indicate that UPV values of RCA are 
higher than 3500 m/s, which can be classified as a good quality 
concrete.  

As shown in Figure 7, the UPV values of RCA are improved by 
increasing cement content and decreasing the w/c ratio. This can be 
explained by reducing the volume of voids in the mixtures due to the 
increased cement content. Therefore, the time needed to spread the 
wave through the specimens are decreased. 

 

Figure 7. Effect of RBA content on UPV 

 

3.4. Dynamic modulus of elasticity 

The dynamic modulus of elasticity determined on specimens made 
with NCA and RBA, are presented in Figure8. It is observed that with 
the increase in the percentage of RBA, a decrease in modulus of 
elasticity is observed in RCA. 

The results in Figure 8 also shows that the decreases of dynamic 
modulus of elasticity of the RCA with a w/c ratio of 0.59 is quicker 
compared to the RCA with a w/c ratio of 0.38.  In the case of RCA with 
a w/c of 0.59, the dynamic modulus of elasticity is reduced by 18%, 
19% ,18% ,21% ,27% ,25 and 38% for C1-RBA10, C1-RBA20, C1-RBA30, 
C1-RB40, C1-RBA50, C1-RBA70and C1-RBA100, respectively. For the 
RCA with a w/c ratio of 0.38, the decrease is 14% for C2-RBA10 ,14% for 
C2-RBA20,11% for C2-RBA30,11% for C2-RBA40,11% for C2-RBA50,23% 
for C2-RBA70,30% for C2-RBA100. 

The decrease of dynamic modulus of elasticity of concrete mixes 
prepared with RBA may be attributed to the lower mechanical 
strength of this type of aggregate (see Table 2).According to González 
et al. (2017) [26], the decrease in dynamic modulus of elasticity is due 
to the recycled brick aggregates have a lower rigidity than the natural 
aggregate. 

It can be seen from Figure 8 that, for lower w/c (w/c=0.38), RCA 
performed better and showed a lower decrease in dynamic modulus 
of elasticity. The results obtained show that, up to 50% replacement, 
there is a slight decrease in dynamic modulus of elasticity is observed 
(lower than 15%) compared to conventional concretes. 

 

Figure 8. Effect of RBA content on Dynamic modulus of elasticity 

 

3.5. Compressive strength 

Debbie and Kenai,2008 [1] reported in their studies that substitution 
of natural aggregates with recycled brick aggregates should be done 
with caution as it can adversely affect the compressive strength. 
Figure 9 presents the effect of the percentage of RBA on compressive 
strength for concrete mixes with a w/c ratio of 0.59 and 0.38. The 
results obtained shows that compressive strength decreases in 
concrete containing RBA, which can be explained by the higher 
porosity and Los Angeles abrasion of RBA. 

For RCA with a w/c of 0.59, the decrease in the compressive strength 
is 26%, 11%, 11%, 22%, 22%, 23% and 20% for C1-RBA10, C1-RBA20, C1-
RBA30, C1-RB40, C1-RBA50, C1-RBA70 and C1RBA100, respectively. In 
the case of RCA with a w/c of 0.38, the compressive strength decreases 
16% for C2-RBA10, 9% for C2-RBA20, 17% for C2-RBA30, 24% for C2-
RBA40, 19% for C2-RBA50, 14% for C2-RBA70, and 17% for C2-RBA100.  

It can be seen from Figure 9 that, for w/c of 0.59 and 0.38, concrete 
containing 20% RBA have the minor compressive strength loss.  
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Figure 9. Effect of RBA content on compressive strength 

The decrease of compressive strength of concrete mixes prepared 
with RBA may be attributed to the moisture state of these aggregates. 
The moisture states of the aggregates can change the workability and 
the uniformity of the concrete mixes and hence would affect the 
properties of the hardened concrete [28]. RBA pores are filled of water 
after immerging during four hours, which can weaken the bond 
between RBA and the cement matrix and consequently decreasing 
compressive strength. 

Moreover, it is important to note that, based on observations during 
the mixing of concrete containing RBA, the external layer of RBAs 
were wrecked and transformed to fine aggregate. Furthermore, the 
diameter size of these aggregates was reduced. This may be related to 
the significant porous structure of RBA, which leads to a higher Los 
Angeles abrasion and results in a decrease in compressive strength. 

It can be seen from figure 9 that the use of RBA, as coarse aggregate, 
with a percentage of substitution of 20% for concrete provides an 
acceptable compressive strength. The study researched by Saidi et al. 
[10] shows that 20% is the optimum percentage for replacement of 
RBA when used as fine aggregate 

4. Conclusion 

The study presented in this paper concerns the effect of recycled 
refractory brick on the physical and mechanical properties of 
concrete. The following conclusions can be drawn based on the 
experimental results presented in this paper: 

- Several physical and mechanical tests of the RBA were performed. 
These tests detected of RBA are characterized as a type of aggregates 
with higher water absorption, higher porosity, and higher mass loss 
compared to NCA. However, RBA presents a higher density than NCA. 

- RBA should be saturated before use to avoid the reduction of mixing 
water. 

- The porosity of concrete containing RBA is the most affected 
property; it increased with the incorporation of RBA. 

- Concrete density does not seem to be significantly affected by RBA 
incorporation when compared with conventional concrete. Up to 
100% of RBA substitution, the reduction of concrete density is below 
7%. 

- The UPV decreases with an increase in the replacement ratio of RBA, 
but it is in acceptable values for good quality concrete, even for 100% 
RBA replacement. 

- Modulus of elasticity is reduced with the increase of the replacement 
ratio; however, the values obtained are still acceptable, especially for 
concrete with a lower w/c. 

-   The increase of RBA content hurts compressive strength. The 
increase of RBA quantities means an increase in concrete porosity 
which leads to reduced compressive strength. The highest loss of 

compressive strength was observed when the NCA were completely 
replaced with RBA. 

As a final conclusion, concrete made with RBA shows a lower 
performance compared to conventional concrete. Additionally, RBA 
has lower mechanical strength and, therefore, the external layer of 
RBA was wrecked and transformed to fine aggregate. Therefore, RBA 
should be used with caution as it can adversely affect the performance 
of concrete. However, it would be acceptable to use RBA as coarse 
aggregate with a percentage of substitution of 30% to produce 
concrete with acceptable properties and good quality. 

Nomenclature 

RCA : The recycled concrete aggregate 
RBA : The refractory brick aggregate 
NCA : The natural coarse aggregate 
UPV : The ultrasonic pulse velocity 
P : The porosity 
D : The density 
Ms : Mass dried 
Mw : The mass saturated 
Mw` : The hydrostatic balance 
w/c : The water/cement ratio 

 
 

Declaration of Conflict of Interests 

The authors declare that there is no conflict of interest. They have no 
known competing financial interests or personal relationships that 
could have appeared to influence the work reported in this paper. 
 
 
 
References 

[1.] Evangelista L, de Brito J.  Mechanical behavior of concrete made 
with fine recycled concrete aggregates. Cement & Concrete 
Composites 29 (2007) 397-401.  

[2.] Debieb F., Kenai S., The use of coarse and fine crushed bricks as 
aggregate in concrete. Construction and building materials 22 
(2008) 886-893. 

[3.] Elhakam, A., Awad, E., Influence of self-healing, mixing method 
and adding silica fume on mechanical properties of recycled 
aggregates concrete. Construction and Building Materials 35 
(2012) 421-427.  

[4.] Medina, C., Frías, M., & De Rojas, M. S. Microstructure and 
properties of recycled concretes using ceramic sanitary ware 
industry waste as coarse aggregate. Construction and Building 
Materials 31 (2012) 112-118.  

[5.] Hachemi S., Study of the behavior of concrete subjected to high 
temperature: Influence of the type of concrete and the nature of 
the constituents. Thesis of science Doctorate in Civil 
Engineering. University of Biskra, Biskra, 2015. 

[6.] Hachemi S., Ounis A., Performance of concrete containing 
crushed brick aggregate exposed to different fire temperatures. 
European Journal of Environmental and Civil Engineering 19 
(2015) 805-824.  

[7.] Dang, J., & Zhao, J. Influence of waste clay bricks as fine 
aggregate on the mechanical and microstructural properties of 
concrete. Construction and Building Materials 228 (2019)116-757. 

[8.] Horckmans, L., Nielsen, P., Dierckx, P. and Ducastel, A, Recycling 
of refractory bricks used in basic steelmaking. A review, 
Resources, Conservation & Recycling 140 (2019) 297–304.  

[9.] Kavas, T., Karasu, B. and Arslan, O, Utilization of refractory brick 
wastes in concrete production as aggregates." In Sohn Int Symp 
Adv Process Met Mater, 5(2006)479-83.  

[10.] Saidi, M., Safi, B., Bouali, K., Benmounah, A., & Samar, 
M..Improved behaviour of mortars at a high temperature by 
using refractory brick wastes. International Journal of 
Microstructure and Materials Properties 10 (2015) 366-380.  

[11.] Aboutaleb, D., Safi, B., Chahour, K., Belaid ,A., Use of refractory 
bricks as sand replacement in self-compacting mortar. Cogent 
Engineering 4.1(2017)136-235.  



Khattab et all.  
 

PACE 2021- Ataturk University, Engineering Faculty, Department of Civil Engineering, Erzurum, 25030, TURKEY  20-23 June 2021 
  6 

 
 

[12.] Nematzadeh M., Baradaran-Nasiri A. The effect of elevated 
temperatures on the mechanical properties of concrete with fine 
recycled refractory brick aggregate and aluminate cement. 
Construction and Building Materials 147(2017)865-875. 

[13.] Nematzadeh M, Dashti J, Ganjavi B. , Optimizing compressive 
behavior of concrete containing fine recycled refractory brick 
aggregate together with calcium aluminate cement and 
polyvinyl alcohol fibers exposed to acidic 
environment.Construction and Building Materials 164 (2018) 
837–849. 

[14.] Zeghad M., Mitterpach J., Safi B., Amrane B., Saidi M., Reuse of 
refractory brick wastes (RBW) as a supplementary cementitious 
material in a concrete. Periodica Polytechnica Civil Engineering 
61(2017) 75-80. 

[15.] French standardization P 18-554. (1990). Aggregates – 
Measurement of densities, porosity, absorption coefficient and 
water content of fine gravel and pebbles. French Association for 
Standardization (AFNOR). Tour Europe cedex 7 92049. Paris. 

[16.] French standardization P 18-555. (1990). Aggregates – 
Measurement of densities, absorption coefficient and water 
content of sands. French Association for Standardization 
(AFNOR). Tour Europe cedex 7 92049. Paris. 

[17.] French standardization P 18-573. (1990). Aggregates – Los 
Angeles test. French Association for Standardization (AFNOR). 
Tour Europe cedex 7 92049. Paris. 

[18.] French standardization P 18-598. (1991). Aggregates – Sand 
equivalent. French Association for Standardization (AFNOR). 
Tour Europe cedex 7 92049. Paris. 

[19.] French standardization P 18-560. (1990). Aggregates – Particle 
size distribution by sieving. French Association for 
Standardization (AFNOR). Tour Europe cedex 7 92049. Paris. 

[20.] G. Dreux, J. Festa, New guide to concrete and its constituents, 
Paris: Edition Eyrolles, 1998. 

[21.] European Standard NF EN 12390-7. (2001). Test for hardened 
concrete Part 7: Density of concrete. ISSN 0335-3931. The French 
Association of Standardization (AFNOR), 11 avenue Francis de 
Pressensé 93571 Saint-Denis La Plaine Cedex. 

[22.] French standardization P 18-418. (1989). Concrete – Sonic 
auscultation, measurement of the sonic wave transmission time 
in concrete. French Association for Standardization (AFNOR). 
Tour Europe cedex 7 92080. Paris. 

[23.] aneyrie, C., Beaucour, A.L., Green, M.F., Hebert, R.L., Ledesert, B. 
and Noumowe, A., influence of recycled coarse aggregates on 
normal and high performance concrete subjected to elevated 
temperatures. Construction and Building Materials 111 (2016) 
368–378.  

[24.]  Guadalupe,L., .Direct Determination of the Dynamic Elastic 
Modulus and Poisson's Ratio of Timoshenko Prisms and Rods." 
(2019). 

[25.] Pal, P., Dynamic Poisson's Ratio and Modulus of Elasticity of 
Pozzolana Portland Cement Concrete. International Journal of 
Engineering and Technology Innovation 9, no. 2 (2019)131. 

[26.] González JS, Gayarre FL, Pérez CL, Ros PS, López MA. Influence of 
recycled brick aggregates on properties of structural concrete for 
manufacturing precast prestressed beams .Construction and 
building materials 149 (2017)507-514. 

[27.] European Standard NF EN 12390-3. (2003). Test for hardened 
concrete Part 3: Compressive strength of test specimens. ISSN 
0335-3931. The French Association of Standardization (AFNOR). 
11 avenue Francis de Pressensé France 93571 Saint-Denis La 
Plaine Cedex. 

[28.] European Standard NF EN 12390-4. (2000). Test for hardened 
concrete Part 4: Characteristics of test machines. ISSN 0335-3931. 
The French Association of Standardization (AFNOR). 11 avenue 
Francis de Pressensé France 93571 Saint-Denis La Plaine Cedex. 

[29.] Poon CS, Shui ZH, Lam L, Fok H, Kou SC, Influence of moisture 
states of natural and recycled aggregates on the slump and 
compressive strength of concrete. Cement and concrete research 
34 (2004) 31-36. 

 
 
 
 


