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Abstract Concrete is a heterogeneous material obtained by mixing cement paste (binder) with aggregates 

(filler), the later constituting more than 80% of the concrete. Concrete is a macro-material strongly influenced 
by addition of fine-properties such as iron oxide. One of the most important properties of hardened concrete 
is its compressive strength, which can be quantitatively measured. The objective of the present work is to study 
the effect of partial replacement of one of (Wadi Alshati) iron oxide fine-particles. Its proposed to replace fine 
aggregates with iron oxide and find its effects on the compression strength of the concrete. Six percentage 
levels of replacement i.e. 5, 10. 15, 20, 25 and 30 percent are considered for partially replacing sand with iron 

oxide. Plain concrete (PC) grade is initially designed without replacement and subsequently sand is partially 
replaced with iron oxide. The compressive strength was measured after 14  days  of  completion  of  curing. 
Results showed that the compressive strength of the concrete using iron oxide nanoparticles were not 
equivalent to that of the conventional concrete. Maximum decreasing in compressive strength was  about 40%. 
According to the results of compression strength for conventional and incorporated specimen, the addition of 
iron oxide to concrete will decreases the compressive strength of concrete due to formation of porosity. 
Keywords: Portland cement concrete, Iron oxide, Nano-particles, Compression test. 

 

 

Ibr.bakari@sebhau.edu.ly 

816581

85010501

01

 1. Introduction 

1.1. Iron Oxide Nano-particles 
     Iron oxides are not only engineered materials, 
but are also present in various forms in natural 
systems, both in bulk as well as in fine-form [1]. 
Naturally occurring fine-scaled iron oxides are 
widely distributed throughout the atmosphere, 
ocean, water and most  living  organisms [2]. 

Iron oxide fine-particles have many other 
applications in construction industry, but of 
particular interest is as coloring and as anti-
corrosion agent in construction materials and 
coatings. Iron oxide fine-particles have very good 
Ultra-Violet (UV) blocking capabilities making  
nanoparticles ideal for glass [3]. 

1.2. Concrete Strength 
     The most two important properties of hardened 
concrete are its compressive strength and 
durability. The former can be quantitatively 
measured while the latter cannot.  In concrete 

design and quality control, strength is the property 
generally specified. This is because, compared to 
most other properties, testing strength is relatively 
easy. Furthermore, other properties of concrete, 

such as elastic modulus, water tightness or 
impermeability, and resistance to weathering 
agents including aggressive waters, are directly 
related to strength and can therefore be deduced 
from the strength data [4]. 
1.3. Concrete Compressive Strength: 
 

 
 
 
 
 
 
 
 
 
 

 
Figure1.1. Relation between Compressive Strength 

and Porosity [5] 
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compressive strength at porosity , S₀ intrinsic 

strength at zero porosity,  K  is constant and P is 
porosity as shown on the previous figure [3]. 
     Many empirical relations between compressive 
strength and one or more of these variables have 
been proposed. Thus, Feret's law (1892) states that 
the strength is 
 

Proportional to:    [𝑐/(𝑐 + 𝑤 + 𝑎)]²      [6] where  c,  w  

and   a  are  the   volumes   of   cement,   water   
and   air   respectively [6]. The porosity of the 
hardened paste, is strongly correlated with 
strength.  

     The cement pastes of various degrees of 
hydration and w/c  ratio  conformed  to  the  
 

relation:            𝜎 =  𝜎𝑜 𝑋𝐴         [6]                                               
 
where X is a quantity called the gel/space ratio, 

and equal to the volume of hydration product 
divided by that of hydration product plus capillary 
porosity. [6] The value of A was about 30 if non-
evaporable water was used as a measure of the 

degree of hydration, and typical values were 90 - 
130 MPa. This equation breaks down for mature 
pastes of low w/c ratio, because it implies that the 
strength does not then depend on the w/c ratio. In 
reality, strength increases with decreasing w/c 
ratio, even though some of the cement does not 
hydrate [6]. 
 

1.4. Mechanism of Compression 
       Failure  
     Strength cannot be explained by relating it 
empirically to porosity or pore size distribution; it 
is necessary to know what holds the material 
together and what happens when it fails. Cohesion 
has often been attributed to the interlocking of 
fibrous or acicular particles. This could be 
important in the more porous parts of the material, 
but in the material as a whole, attractive forces 
between those parts of adjacent layers or other 
phases that are in contact are probably more 
important, both within particles and, in so far as 
the material is particulate, between them. As in 
other brittle materials, failure occurs through the 
initiation and spread of cracks, which originate in 
places where the local stress is high. Hardened 
cement pastes are about ten times as strong in 
uniaxial compression as in tension. It is probable 

that the ultimate mechanisms of failure are 
essentially similar, but that the cracks propagate 

more readily under tension. The relations between 
microstructure and strength must thus be sought 
in the features that give rise to high local stresses 
and in those that favour or, conversely, that arrest 
the spread of cracks. This is consistent with the 
conclusion that porosity is a major factor but not 
the only one [7]. 
 

2. Materials and Design Methodology 
2.1.Materials: 
2.1.1. Portland Cement: 
     Portland cement is the most important type of 
cement and is a fine powder produced by grinding 
Portland cement clinker. Cement materials used in 
the present work experiments were produced in 

Ziliten cement factory (Libya), it’s a Portland cement 

grade (42.5 N), in accordance to Libyan 
specifications No. (340/2009). 

2.1.2. Local Sand: 
     The composition of sand varies, depending on 
the local sources and conditions. The most 
common is a silica (silicon dioxide) usually in the 
form of quartz. 

2.1.3. Water: 
     Generally, water that suitable for drinking is 
satisfactory for use in concrete. The pH was 6.07 
and the chemical content of water  are showed on 
table 2.1 . 

Table 2.1. The chemical content of water used 
in the present work 

K SO₄ Cl Ca CO₃ NO₃ NO₂ 

9.41  3.70  28.40  3.20  39.04  6.16  4.60  
 

2.1.4. Iron Oxide: 
     The used iron oxide namely (Hematite Fe₂O₃) 
was collected from Wadi Al-Shati iron ore quarry 
(about 100 km north west Sebha city-Libya) , has a 
reddish brown color. Iron oxide sample is show the 
in figure 2.1: 
 

 
 

Figure 2.1. Wadi Al-Shati Iron Oxide Collected 
Sample 

 
2.5. Experimental Specimen Preparation: 
     The experimental program including 
preparation of  a six specimens, the first specimen 
is free of iron oxide (Reference specimen), and the 
other five specimens are contain gradually 
increasing of sand with iron oxide (5g, 10g, 15g, 
20g, and 25g). The percentage of sand replacement 
with iron oxide are shown in the table 2.2 . For each 

specimen (PC, H10, H20, H30, H40, and H50), The 
two types were prepared in order to take the 
average of the obtained results for each specimen. 

All specimen were prepared as cylinder shape with 
dimensions 30 mm length and 35 mm diameter as 
shown on figure 2.2 . 

 

                 

             
Figure2.2. Dimensions of Experimental Specimen 
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Table 2.2. Date of Experimental Work [8]  
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3. Results and Discussion 
3.1. Research objective 
     The main objective of the research program was 
to understand the compressive strength aspect of 
concrete obtained using iron oxide as partial 
replacement of sand. In order to achieve the 
objectives of the present study, an experimental 
program was planned to investigate the effect of 
iron oxide on compressive strength of concrete. The 
experimental program consists of casting, curing 
and testing of reference and iron oxide specimens 
at different concentrations.  

3.2. Compression Test Procedure 
       and Results 
     The cylinder specimens  of  dimension  of  (30  
and  35 mm  as  length  and  diameter respectively) 

were prepared for testing compressive strength 
concrete as shown schematically on figure 3.1. The 
concrete mixes with varying concentrations (0% , 
1.7%, 3.3%, 5.0%, 6.7%, and 8.3%) of iron oxide as 
partial replacement of sand were cast into cylinders 

for subsequent testing. In this study to make a 
concrete, cement, sand and iron oxide were mixed, 
water then was added and the whole mass was 
mixed together. After 24 hours the specimens were 
removed from the moulds and placed in clean and 
fresh water at temperature (27ᴼC ± 3). The 
specimens so cast were tested after 14 days of 
curing (after water was added to the dry mix). Each 

specimen was divided into two sub-specimen and 
three of the four sub-specimens were tested. Before 
testing, each specimen was ground in order to 
obtain a balanced surface to get accurate results.   
The load was applied axially without shock till 
specimen   was  crushed.  Results  of  

compressive strength test with varying proportion   

of   iron  oxide  replacement   are  given  in table 
3.1.  
 

 
Figure 3.1. Experimental Specimen before 
Compression Test 

 
Table 3.1. Compression Test Results  
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Failure Load (𝐹𝐿) 
(kN) 

Failure Load 
Average (kN) 
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0.0 

PC (A) 30 

26.00 PC (B) 28 

PC (C) 20 

H
1
0
 

1.7 

H10 (A) 16 

20.33 H10 (B) 25 

H10 (C) 20 

H
2
0
 

3.3 

H20 (A) 16 

15.66 H20 (B) 14 

H20 (C) 17 

H
3
0
 

5.0 
H30 (A) 12 

16.00 H30 (B) 18 

H30 (C) 18 

H
4
0
 

6.7 

H40 (A) 25 

20.33 H40 (B) 16 

H40 (C) 20 

H
5
0
 

8.3 

H50 (A) 18 

18.00 H50 (B) 18 

H50 (C) 20 

 
The compressive strength can be calculated using 
the formula:    

𝜎𝑐  =  
𝐹𝐿

𝐴
 [8] where, 𝐹𝐿  is   the failure load registered 

on the machine after the concrete specimen had 
failure, and a specimen area, can be calculated as 
following: Area of cylinder specimen is equal to:   
[𝜋𝑟²] = [𝜋(0.00175 𝑚)²]  =  9.621𝑥10−6 m². 
The compressive strength for each specimen was 
calculated according to the last equation, the table 
3.2 showing the results. 



The Effect Wadi Alshati Iron Oxide Fine-Particles on the compressive Strength …..              Almadani & Al-Arabi. 

JOPAS Vol.18 No.  2 2019                                                                                                                                                   36 

 
Figure 3.2. Compression Test Machine Used in the 

Present Work. 

 

Table 3.2. Compression Strength Results 

Specimen 
Compressive 

Strength 
(MPa) 

Decreases in 
Compressive 
Strength (%) 

Control (PC) 27.02 00.00 

H10 21.13 21.18 

H20 16.28 39.75 

H30 16.63 38.45 

H40 21.13 21.18 

H50 18.71 30.75 

     It is well known that the compressive strength 
is the most important property of concrete. It was 
expected that addition of iron oxide – a material 
with higher hardness than cement – will increase 
the compressive strength. The results are 
presented in figure (3.3). It can see from the figure  
that the addition of iron oxide to the Portland 
cement has a negative effect. The decrease in 
compression strength was not linear as the 
percentage of iron oxide is gradually increased. In 
the first specimen H10 (5g – 1.7% iron oxide), the 
compression strength decreases with percentage 
about (21%). For the specimens H20 and H30 (10g 
–3.3% and 15g – 5.0% respectively), the 
compression strength decreases with average 

about (39%). For specimen H40 (20g –6.7%), the 

compression strength decreases with about (21%). 
In the last specimen H50 (25g – 8.3%), the 
compression strength decreases with about (31%). 
     The reason behind decreasing in compressive 
strength (In general about 30%) comparing with the 
plain concrete may be attributed to the formation 
of  porosity of iron oxide. [10] As shown on figure 
3.4 .  
It should be considered that because hematite 
includes high iron ore volume, it tends to undergo 
undesirable oxidation [9]. 
 

 
Figure 3.3.  Compressive Strength of Hardened 

Concrete Specimens. 
   

 
Figure 3.4. Iron Oxide Aggregates have high 
porosity (A consequence of voids (V) which have 
appeared during formation of iron oxide H₀) [8]. 

 
4. Conclusion: 
This research work is concerned with studying the  
effect of replacing a mix sand of concrete with 
different weight of iron oxide namely (hematite) (5g, 
10g, 15g, 20g and 25g). It was expected that 
addition of iron oxide material with higher density 
and higher hardness than Portland cement will 
increase the compressive strength. Unfortunately, 
the resulted data of those concrete specimens 
consisting of partially replaced with iron oxide 
showed that there is a decreasing in compression 
strength for all tested specimen comparing with the 
plain concrete (with no iron oxide addition). The 
reduction in compression strength of concrete 
ranges from 21.18% to 39.75% with no linearity. 
The reason for decline in compression strength for 
all specimens may be attributed to the porosity of 
iron oxide formation in hardened concrete. The 
overall conclusion is that the incorporating of iron 
oxide nanoparticles is not recommended in where 

case of high compression strength is required.  

 
5. References 
[1]- Fathi  Habashi,  Hand  Book  of   Extractive  

Metallurgy, Volume  I, The  Metal Industry,    
Ferrous    Metals,  Lava   University,  
Department    of   Mines   and Metallurgy, 
Canada. 

[2]- Mohammed   M.   Rahman  et. al.,  Iron   Oxide  
Nanoparticles,    Advanced  Materials  Research 
Excellence Center,   King   Abdulaziz   
University. 

[3]- Rattan   A,   et.   al.,  Use   of Nanomaterials  in  
Concrete, Volume 02 - 2016,  PP. 81-84. 
Department of Civil Engineering, Thapar 
Polytechnic College,Patiala , International 

Journal of Latest Research in Engineering and 
Technology ISSN:2454-5031 . 

0

5

10

15

20

25

30

0 2 4 6 8

PC H10 H20 H30 H40 H50          

C
o
m

p
re

s
s
iv

e
 

S
tr

e
n

g
th

 (
M

P
a
) 



The Effect Wadi Alshati Iron Oxide Fine-Particles on the compressive Strength …..              Almadani & Al-Arabi. 

JOPAS Vol.18 No.  2 2019                                                                                                                                                   37 

[4]- C.  ARUM, et.  al.,  Making of Strong and 

Durable, Department  of  Civil  Engineering,  
Federal  University  of  Technology,  Akure 
34001, Nigeria, Emirates Journal for 
Engineering Research, 11(1),25-31  2006 . 

[5]- Kamran  M.  Nemati,  Concrete Technology, 
Strength of Concrete,  University of 
Washington, 2015 . 

[6]- Powers, T.C., in 4th ISCQ Vol. 2, p. 577  1962 
.  

[7]- Jambor,  J.,  in  6th ICCC, Vol. 2, Part 1, p. 315 
(1976). 

[8]- Osman GENCEL, et. al., Concretes Containing  
Hematite  for  Use  as  Shielding  Barriers,  
Department  of   Civil  Engineering,   Faculty  
of  Engineering,  Bartin-Turkey,  ISSN 1392 – 

1320  2010 . 
[9]- Feng,  Q.L.,  Lachowski,  E.E. and Glasser, F. 

P.  (1989).  Mater. Res.  Soc.  Symp. Proc. 136, 

263 .  
 
 


