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Introduction 
In classical terms, concrete is a building material obtained 
by mixing sand, aggregate, cement, water and additives 
when necessary. When the aforementioned materials are 
mixed in a certain proportion, a plastic material that can take 
the desired shape in molds is obtained. One of most 
important characteristics of concrete that makes it superior 
to other building materials is its plastic consistency that 
allows it to be given the desired shape [1]. 

It can be said that cement and aggregate are the most 
important materials that constitute concrete [2]. Cement 
binds aggregate grains by entering into a chemical reaction 
with water. Aggregate constitutes approximately 75% of 
concrete [3]. Depending on the grain size, aggregate is 
named as coarse and fine. The most important point to be 
considered in aggregates is that they should be free from 
harmful substances. In addition, the aggregate must also 
meet other criteria stipulated by the standards [4,5]. 

Concrete is produced by adding cement, aggregate and 
water, as well as some additives when necessary. Additives 
can increase the workability and durability of concrete. It 
also plays an important role in hardening time. Thermal 
expansion and permeability can also be controlled with 
additives [6]. 

The properties of concrete are divided into fresh and 
hardened properties. Fresh concrete should be easy to mix, 
transport, place, compact and smooth the surface. During 
these processes, there should be no segregation between 
aggregates and cement mortar. Hardened concrete should 
not show a strength less than the minimum strength for any 
age such as 7, 14 and 28 days targeted by the standards [7]. 
The main criterion for defining concrete, in other words, for 
its classification, is its compressive strength value. It is 
known that the other concrete properties with high 
compressive strength are also positively affected [8,9]. 

Concrete compressive strength is characterized as concrete 
strength under axial compressive load in order not to break 
[10]. Among the mechanical properties of concrete, 
compressive strength is the most important [11,12]. In this 
regard, it can be said that compressive strength is a function 
of composition for a given state of the composition. In 
addition, it is important to remember that concrete 
compressive strength is a function of time and that it gains 
its final strength after a long time [13]. The properties of the 
constituent materials and mixing ratios affect concrete 
compressive strength. Therefore, it is essential to know the 
characteristics of the constituent materials [14]. 

In Şengül's (2000) study, it is stated that while there is a 
difference of four times between the compressive strengths 

Research Article  

 

 

 

 

 

 

 

 

 

 

 

ARTICLE INFO 

Article history: 
 
Received 24 September 2023 
Received in revised form 09 
October 2023 
Accepted 15 December 2023 
Available online 31 December 2023 
Keywords: 
 
concrete specimens, compressive 
strength, dynamic elasticity 
modulus, concrete quality 

ABSTRACT 

  
In reinforced concrete structures, one of the most important factors for structural safety is the quality of 
concrete. The first thing that comes to mind for concrete quality is the compressive strength of concrete. 
However, properties such as elasticity modulus are also among the properties that determine concrete 
quality. Since concrete is a brittle material, different methods are used to determine dynamic elasticity 
modulus. In practice, dynamic elasticity modulus of concrete can be identified by utilizing concrete 
compressive strength value. In this context; compressive strength tests were performed on a series of 
concretes accordingly relevant standards. Since it is difficult to determine elasticity modulus from the 
stress and strain relationship, the dynamic elasticity modulus values in this study was calculated using 
empirical formulas according to TS 500-2000, ACI 318-95 and CEB-FIP 1978 on the basis of experimental 
data in this study. The relationship between the calculated dynamic elasticity modulus values and concrete 
compressive strength was analyzed. From the study, it is concluded that as concrete compressive strength 
increases, dynamic elasticity modulus increases for the concrete specimens. 
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of the highest and lowest concrete classes, the difference 
between the elasticity modulus is not even two times. This 
indicates that the elasticity modulus is not as sensitive as the 
compressive strength to changes in the internal structure 
caused by a decrease in the water-cement ratio [15]. Türkel 
(2002) reported that the elasticity modulus increases with 
decreasing water cement ratio in concretes [16]. Felekoğlu 
and Türkel (2004) stated in their study that samples of the 
same strength class show different stress-strain behavior 
with the change in loading rate, in parallel with this, the 
elasticity modulus is also affected by the loading rate and 
the elasticity modulus increases as the loading rate increases 
[17]. 

The purpose of present study is to investigate 
experimentally and statistically the relationship between 
concrete compressive strength and concrete dynamic 
elasticity modulus. To this end, the compressive strength of 
a series of concrete specimens was determined 
experimentally. Then, it was compared with the dynamic 
elasticity modulus values calculated in accordance with 
international regulations. As it is known, the dynamic 
elasticity modulus is characterized as the ratio of stress to 
deformation in the region where Hooke's law is valid. As 
can be seen from this definition, dynamic elasticity modulus 
is a concept related to compressive strength. However, in 
addition to the known definitions and concepts, the 
relationship between concrete compressive strength and 
concrete dynamic elasticity modulus was analyzed based on 
the experiments and the findings of these experiments, and 
it was aimed to calculate concrete dynamic elasticity 
modulus using concrete compressive strength by different 
methods. 

 

Materials and method 
In the present study, limestone aggregate from Elazığ in 
Turkey was used for the production of concrete specimens 
(Figure 1). The granulometry curve for the aggregate 
mixture to be used in the calculation of concrete mix design 
according to TS 802 [18] for aggregate mixtures with the 
largest grain diameter of 31.5 mm is shown in Figure 2. 
With the curve graph of the mixture falling in the A-B 
region, maximum capacity was achieved. 

CEM I 42.5 N Portland cement produced in Elazığ Cement 
Factory was used in the experimental studies. The present 
study was carried out at Fırat University, Engineering 
Faculty, Building Materials Laboratory (Figure 3). 

 

 
Figure 1. A view of the laboratory of limestone aggregates. 

 
Figure 2. Granulometry of the mixture aggregate prepared 

according to TS 802. 

 

 
Figure 3. Fırat University Faculty of Engineering Building 

Materials Laboratory. 

 

Concrete compressive strength test 
The specimens removed from the curing pool at the end of 
the 28th day. Concrete compressive strength tests were 
performed on 150×150×150 mm sized concrete cubic 
specimens with dry surface according to TS EN 12390-3 
standard [19]. The same compressive strength apparatus 
with constant loading rate was used for the crushing of the 
concrete specimens obtained (Figure 4). 

According to TS EN 12390-3 standard, P (kN) fracture 
loads and fc (N/mm2) compressive strengths obtained by 
dividing the load by the cross-sectional area A (mm2) were 
calculated using Equation (1). 

𝑓𝑓𝑐𝑐 =
𝑃𝑃
𝐴𝐴

 (1) 
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Figure 4. Concrete compressive strength test. 

 

Dynamic elasticity modulus 

Since the stress-strain curve (σ - ℇ) of concrete, a brittle 
composite material, does not contain a line, two types of 
elasticity modulus are defined. One of them is the static 
elasticity modulus and the other is the dynamic elasticity 
modulus. If the stress applied to the concrete is much 
smaller than the compressive strength, these two moduli are 
close to each other [20,21]. Since it is difficult to determine 
the elasticity modulus from the σ - ℇ relationship, concrete 
dynamic elasticity modulus of the specimens manufactured 
in the present study was calculated using empirical formulas 
according to TS 500-2000 - ACI 318-95 and CEB-FIP 1978 
[22-24] based on the experimental data in this study 
(Equation 2-4). 

 
Ec for TS 500; 

𝐸𝐸𝑐𝑐 = 3250 × �𝑓𝑓𝑐𝑐 + 14000 (2) 

 

Ec for ACI 318-95; 

𝐸𝐸𝑐𝑐 = 4730 × �𝑓𝑓𝑐𝑐 (3) 

 
Ec for CEB-FIP; 

𝐸𝐸𝑐𝑐 = 9500 × (𝑓𝑓𝑐𝑐 + 8)1 3⁄  (4) 

In Equation (2-4); fc = 28-day compressive strength (GPa) 
and Ec = dynamic elasticity modulus (GPa). 

 

Results and discussion 
Within the scope of the present study, the compressive 
strengths of a total series of concrete specimens produced 
for different cement dosages (300, 350 and 400 kg/m3) 
using limestone aggregate were determined. Using these 
experimental compressive strength values, the dynamic 

elasticity modulus was calculated accordingly relevant 
regulations TS 500-2000, ACI 318-95 and CEB-FIP 1978. 
The relevant data used and obtained in the present study are 
presented in Table 1. 

 
Cement 
content 
(kg/m3) 

w/c 
(-) 

fc 
(MPa) 

Ec 
TS 500 
(GPa) 

Ec 
ACI 318-95 

(GPa) 

Ec 
CEB-FIP 

(GPa) 
300 0.25 26.9 30.86 24.53 31.05 
300 0.25 24.2 29.99 23.27 30.22 
300 0.25 27.3 30.98 24.71 31.16 
300 0.30 22.4 29.38 22.39 29.65 
300 0.30 23.8 29.86 23.08 30.10 
300 0.30 22.9 29.55 22.63 29.81 
350 0.25 34.3 33.03 27.70 33.10 
350 0.25 32.1 32.41 26.80 32.52 
350 0.25 31.3 32.18 26.46 32.30 
350 0.30 30.8 32.04 26.25 32.16 
350 0.30 29.1 31.53 25.52 31.68 
350 0.30 30.2 31.86 25.99 31.99 
400 0.25 41.6 34.96 30.51 34.90 
400 0.25 38.1 34.06 29.20 34.06 
400 0.25 42.8 35.26 30.94 35.18 
400 0.30 37.1 33.80 28.81 33.82 
400 0.30 34.3 33.03 27.70 33.10 
400 0.30 35.5 33.36 28.18 33.41 

 

Figure 5 shows the change of compressive strength of 
concrete specimens tested in the present study with water 
cement ratio. Accordingly, it was determined that the 
compressive strength decreased by approximately 10% on 
average as the water cement ratio increased from 0.25 to 
0.30. For C=300 kg/m3 and w/c=0.25, the average 
compressive strength of concrete was 26.1 MPa; for C=300 
kg/m3 and w/c=0.30, the average compressive strength of 
concrete was 23.0 MPa. The average compressive strength 
of concrete for C=350 kg/m3 and w/c=0.25 was 32.6 MPa; 
the average compressive strength of concrete for C=350 
kg/m3 and w/c=0.30 was 30.0 MPa. The average 
compressive strength of concrete for C=400 kg/m3 and 
w/c=0.25 was 40.8 MPa; the average compressive strength 
of concrete for C=400 kg/m3 and w/c=0.30 was 35.6 MPa. 
With the increase in the w/c ratio from 0.25 to 0.30; an 
average decrease of approximately 12% for C=300 kg/m3, 
an average decrease of approximately 8% for C=350 kg/m3 
and an average decrease of approximately 13% for C=400 
kg/m3 was determined in concrete compressive strengths. 

 

 
Figure 5. Variation of concrete compressive strength with 

water-cement ratio 
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In Figure 6, the variation of dynamic elasticity modulus (Ec) 
with water-cement ratio (w/c). Accordingly, it is calculated 
that when w/c increases from 0.25 to 0.30, Ec value 
decreases approximately 3.2% for TS500, 5.6% for ACI 
318-95 and 3% for CEB-FIP. Considering all three 
regulations, it was determined that Ec value decreased with 
the increase in the w/c. 
 

 
Figure 6. Variation of dynamic elasticity modulus of 

concrete with water-cement ratio 
 

In Figure 7, it is observed that the dynamic elasticity 
modulus values, calculated in accordance with the 
calculations and rules in TS500 (2000) regulation, vary 
between 29.38 GPa and 35.26 GPa for concrete 
compressive strength values ranging between 22.4 and 42.8 
MPa. Thus, it is seen that there is an increase of 
approximately 20% in the dynamic elasticity modulus 
values in response to approximately 91% increase in 
concrete compressive strength. 

In Figure 8, it is observed that the dynamic elasticity 
modulus values calculated in accordance with the 
calculations and rules in the ACI 318 (1995) regulation vary 
between 22.39 GPa and 30.94 GPa for concrete 
compressive strength values ranging between 22.4 and 42.8 
MPa. Thus, it is seen that there is an increase of 
approximately 38% in the dynamic elasticity modulus 
values against approximately 91% increase in concrete 
compressive strength. 
 

 
Figure 7. Variation of dynamic elasticity modulus 

calculated from TS 500-2000 with compressive strength. 

 
Figure 8. Variation of dynamic elasticity modulus 

calculated from ACI 318-95 with compressive strength. 

 

In Figure 9, it is observed that the dynamic elasticity 
modulus values calculated in accordance with the 
calculations and rules in the CEB-FIP (1978) regulations 
range between 29.65 GPa and 35.18 GPa for concrete 
compressive strength values ranging between 22.4 and 42.8 
MPa. Thus, it is seen that there is an increase of 
approximately 19% in the dynamic elasticity modulus 
values against approximately 91% increase in concrete 
compressive strength. 

 

 
Figure 9. Variation of dynamic elasticity modulus 

calculated from CEB-FIP with compressive strength. 

 

The fact that the coefficients of determination R2≈0.998, i.e. 
very close to 1, shows that the curves fitted in the graphs are 
close to the line of perfection. Thus, it can be said that a very 
good fit has been achieved. 

Figure 10 shows that the dynamic elasticity modulus (Ec) 
values calculated by TS500 (2000) and CEB-FIP (1978) 
almost coincide with each other. However, the Ec values 
calculated by ACI 318 (1995) were found to be 
approximately 18% lower on average. It was observed that 
the dynamic elasticity modulus increased with increasing 
concrete compressive strength. It was determined that the 
rate of increase in concrete compressive strength was higher 
than the rate of increase in dynamic elasticity modulus. 
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Figure 10. Variation of calculated dynamic elasticity 

modulus values with compressive strength values. 

 

Conclusions 
The main conclusions are listed below: 

 As the water cement ratio increased from 0.25 to 0.30, 
the compressive strength of concrete decreased by 
approximately 12% for C=300 kg/m3, 8% for C=350 
kg/m3 and 13% for C=400 kg/m3. 

 The mean compressive strength of concrete for C=300 
kg/m3 and w/c=0.25 was 26.1 MPa; the mean 
compressive strength of concrete for C=300 kg/m3 and 
w/c=0.30 was 23.0 MPa.  

 The mean compressive strength of concrete for C=350 
kg/m3 and w/c=0.25 was 32.6 MPa; the mean 
compressive strength of concrete for C=350 kg/m3 and 
w/c=0.30 was 30.0 MPa.  

 The mean compressive strength of concrete for C=400 
kg/m3 and w/c=0.25 was 40.8 MPa; the mean 
compressive strength of concrete for C=400 kg/m3 and 
w/c=0.30 was 35.6 MPa. 

 It is seen that there is about 91% increase in the 
compressive strength of concrete, about 20% increase 
in the dynamic elasticity modulus (Ec) values 
calculated according to TS500 (2000), about 38% 
increase in Ec values calculated according to ACI 318 
(1995) and about 19% increase in Ec values calculated 
according to CEB-FIP (1978). 

 It is seen that the dynamic elasticity modulus (Ec) 
values calculated by TS 500 (2000) and CEB-FIP 
(1978) almost coincide with each other. 

 The Ec values calculated with ACI 318 (1995) are 
approximately 18% lower than the Ec values calculated 
with other regulations. 
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