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Abstract: In this paper, the relationship between the modulus of elasticity and dynamic elastic modulus of concrete and the
relationship between the modulus of elasticity and compressive strength of concrete have been formulated. These relationships are
based on investigations of different types of concrete and take in to account the type and amount of aggregate and binder used.
The dynamic elastic modulus of concrete was tested using ultrasonic pulse velocity method. This method could be used as a non-
destructive way of estimating the compressive strength of concrete and dynamic elastic modulus. Here we show, from an
extensive experimental program including non-destructive (ultrasonic pulse velocity test) and destructive tests (compressive
testing machine) carried out on 54 cylindrical concrete specimens with three different concrete mixtures and three different sizes,
the size independence of elastic properties of concrete regardless of the concrete mixes. This is in full contrast with the size-
dependence of the compressive strength. the use of empirical expressions given in building codes (e.g., ACI 363 R-10, Eurocode
2) for estimating the elastic modulus from the compressive strength can lead to incorrect designs.

Index Terms: Concrete, dynamic elastic modulus, static elastic modulus, non-destructive testing, compressive strength.

I. INTRODUCTION

The compressive strength and modulus of elasticity are the most important properties of concrete from the viewpoint of
structural design. Commonly, these parameters are determined by the uniaxial compression of cylindrical according to standard
procedures, and so values obtained that way are considered to be the reference values. However, it is not always possible to use
these methods in practice because they are destructive and require the collection of numerous test samples during concreting
operations. In addition, properly conducted modulus of elasticity testing using cylindrical specimens is a relatively time-
consuming process. Therefore, we seek non-destructive methods in order to estimate these parameters for hardened concrete, such
as ultrasonic pulse velocity method.

Technological developments and better access to more appropriate apparatus has resulted in significant progress in the
dynamic testing methods used in structural health monitoring. These methods could also be used in concrete material parameter
testing (especially compressive strength) or to monitor its increase over time. A significant disadvantage of non-destructive
methods is the fact that the values are achieved indirectly, i.e., the results of each test have to be converted to a certain parameter
(e.g., the compressive strength of concrete) using a previously assumed relationship between these values.

Many empirical predictions for estimating the elastic modulus from the compressive strength have been proposed for different
types of concrete by several researchers. In most concrete design codes, the modulus of elasticity is also predicted by using
empirical expressions that assume a direct dependence of this modulus on compressive strength. Following these expressions, an
increase of the compressive strength would necessarily imply an increase of the modulus of elasticity. Modulus of elasticity
increases with increasing compressive strength. Therefore, the sample size dependence of compressive strength would imply,
from these empirical expressions i.e., size of concrete sample also affects modulus of elasticity. Nevertheless, in a composite
material like concrete, the elastic properties are mainly affected by the volume fraction, the density and the elastic modulus of its
two components which are the hydrated cement paste and the aggregates. A large number of mechanical tests performed on
concrete specimens with different sizes and different mixtures to obtain a statistically significant result. Conclusion regarding the
size effects on the Young’s modulus of concrete is difficult to make clear and strong.

1l. BACKGROUND

The static Young’s modulus (E) is defined as the ratio of the axial stress to axial strain for a material subjected to uni-axial
load. It is important that E of concrete be known because engineers increasingly use this value in the structural design process.
For example, E is needed to analyses the cross-sectional response of a reinforced concrete beam. In recent years building
specifications have even required a specific E of concrete to be met, mostly to limit excessive deformation and sway in tall
buildings.

JETIR2207318 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org \ d155


http://www.jetir.org/

© 2022 JETIR July 2022, Volume 9, Issue 7 www.jetir.org (ISSN-2349-5162)

However, once a structure is erected the in-situ elastic properties cannot be measured directly without damaging the structure
itself. Most often E is inferred from the compressive strength (fc) of companion cylinders, rather than being measured directly,
through the application of established empirical relations. This approach often leads to overly conservative results because, in
order to meet the minimum E requirement, concrete with much higher fc is used than the specification requires, which leads to
unnecessarily high material costs. Enhanced understanding of the relation between E and compressive strength, with respect to
different types of concrete, would improve the efficacy of the estimation of E from strength.

For equation of the modulus of elasticity and compressive strength of concrete, numerous empirical equations have been
proposed by many researchers most of them given a correlation between compressive strength and static elastic modulus which
are measured by uni-axial compression test and another correlation is between compressive strength and dynamic elastic modulus
which are measured by ultrasonic pulse velocity or resonant frequency. The standard ACI 363 R — 10 (2010) [5] gives the
following equation of static elastic modulus and compressive strength.

E. = 3320(f".)0.5 + 6900 (1)

Where, E; is static elastic modulus in MPa. ¢ is the specified compressive strength of cylindrical concrete samples in MPa.
Equation (1) is valid for compressive strength between 21MPa & 83MPa.

According to Eurocode 2 (2008) [6], the relationship between the static elastic modulus and compressive strength of light
weight concrete is described by the following equation.

E = 22000 (1%) 0.3n; )

Where, E = Static elastic modulus, ne = (p/2200)2,
p = Upper limit value of the concrete density, f is compressive strength of light weight concrete. Equation (2) is valid for
compressive strength between 35MPa & 60MPa. Both the ACI 363 R — 10 (2010) (equation 1) based on specified compressive
strength in MPa. and Eurocode 2 (2008) (equation 2) based on average compressive strength in MPa.

As for the ACI building codes, the Architectural Institute of Japan (AlJ) [7] propose the following equation to estimate the
static elastic modulus Y for normal strength concrete with the specified design strength (f¢) up to 36 MPa.

E=21+x 105(2—‘;)1-5(£)°-5 ®)

200

In equation (3), E is static elastic modulus, fc is compressive strength and Y is unit weight in kg/ma3.

Concretes with the same target compressive strength (i.e. strength grade) may have different elastic moduli. Other empirical
formulas relating the compressive strength to the elastic modulus can be found in other current building codes and from other
studies, such as those presented in Table 1. Even though these empirical formulas could provide good agreements for specific
kinds of concrete mixes, they do not always give the same results and cannot cover the whole data. The major reason for this is
that the mechanical properties (i.e. compressive strength and elastic modulus) of concrete are highly dependent on the qualities,
specified properties and proportions of all concrete components. Although there is no agreement on the precise form of the
relationship between the compressive strength and the static modulus of elasticity of concrete, all these previous studies agree that
the static elastic modulus and the compressive strength are always positively correlated [1,2,3,4]. A similar trend is also reported
in for the dynamic elastic modulus which is determined by means of Non-Destructive Testing (NDT) methods (e.g. Ultrasonic
pulse velocity (UPV) test [8,9,10,11], Resonant frequency test [12], and other wave propagation tests. A few formulas have also
been proposed in the literature to describe the relationship between and the compressive strength of concrete, as listed in Table 2.
These empirical equations were found by converting the dependency of the static modulus on the dynamic modulus into the
relationship between the static modulus and the compressive strength [8,9,10,11,12]. However, both the value of the dynamic
elastic modulus and its relation with the compressive strength vary with the NDT methods [8,9,10,11], the mix proportion [19],
the volume content and the size of aggregates [19], the type of cement and aggregate [19], the water-to-cement ratio [19], the age
of concrete and curing condition. The empirical equation for correlation between dynamic elastic modulus and the compressive
strength are generally specified to concrete mixes or various non — destructive testing methods, the relationship between static
elastic modulus and dynamic elastic modulus. To analyses the correlation between the static elastic modulus and dynamic elastic
modulus, a considerable number of studies have been performed. Non-destructive methods of concrete testing are commonly
based on experimentally derived relationships. The accuracy of the methods mentioned is highly dependent on the assumptions
made. The literature survey, as well as experimental tests, demonstrated that widely used relationships are not appropriate to all
types of concrete, especially in the case of concrete containing mineral additives. To account for relationship between static
elastic modulus and dynamic elastic modulus, some empirical equations have been proposed in building codes. Few studies
suggest that the relation between static elastic modulus and dynamic elastic modulus is linear [15] while few studies suggest that
the correlation is non-linear. Logan Trifone [14] observed that only four different concrete mixes were tested. Additional concrete
mixes, and an overall larger sample size should be studied to acquire more accurate results.
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Table 1: Empirical relations of static elastic modulus with compressive strength.

References Equation for static elastic modulus Range of Concrete strength

K. Jurowski (2018) Ecs=43.p5.£05.10° 20.00 < f; < 120 MPa

E. Kadhem (2018) Ec = 14000(f)*% 70.00 < f. < 140 MPa

T. V. Gowri (2018) y = 303.38x11%° 20.0 f.<70MPa

A. R. Nazhivi (2014) Es = (f/11.05)15 25.10 < f, < 180 MPa

ACI 363 — 10(2010) E. = 3320(f'¢)°5+6900 21.00 < f.< 83 MPa

Eurocode 2 (2008) E = 22000(f/10)%3ne 35.00 < f.< 60 MPa

T. Noguchi E = 2.1 x 105(Y/2.3)15(f,/200)°5 Up to 36 MPa

Ecs, Ec, Y, Es, E = static elastic Modulus.
Fe, f’c, X = Compressive strength.

Ne = (z;ﬁ)z, p = Upper limit value of the concrete density.
Y = Unit Weights.

Table 2: Empirical relations of dynamic elastic Modulus with compressive strength.

References Equation for dynamic elastic modulus Type of Concrete NDT method
F. G. Moghadam (2021) Eq = 0.0016(cs)?-0.1521(cs)+45.87 MRPC Concrete UPV test
R. R. Kumar (2019) y = 0.5078 ¢0-0774% Normal Concrete UPV test
P. P. Chavhan (2015) y =-0.0197x3-1.0623x%+828.17x SSC UPV test
Y. Zohu (2015) Ea=fc+b Young Concrete UPV test
S. Hun Han (2004) Ed = [(Fc/0)/P]/[1-0.708e 002685 Normal Concrete IljreesoTS::;[y test

Eq, Y = Dynamic elastic Modulus (Gpa)

Cs, x, "¢ = compressive strength of concrete in (Mpa).

a = More related to the volume content of aggregate (Vagg) and maximum coarse aggregate size (Magg).
b = Coefficient b is influenced by the volume content of aggregate, maximum Coarse aggregate size and
water-to-cement ratio (w/c).

a & B = Constant.

MRPC = Modified reactive powder concrete.

SCC = Self -compacting concrete.

Due to time constraints, the specimens were only studied up until 28-days. Specimens should be tested at much longer lengths
of time to determine if the relationships between moduli values remains constant, or if they continue to converge even more at
later ages. Dr. Mohammed M. Salman [17] observed that there is a simple linear relationship between the static and dynamic
elastic moduli, which leads to predict that using dynamic elastic modulus may remove the problems in measuring the static elastic
modulus of concrete. Byung Jae Lee [13] observed that with an established equation between static and dynamic elastic modulus,
the dynamic elastic modulus can be used to estimate the compressive strength of cylinders. It demonstrated that the predetermined
equations relating dynamic to static elastic modulus are effective for estimating compressive strength within reasonable errors.
Other empirical formulas relating the static elastic modulus and dynamic elastic modulus is presented in Table 3.

By analysing the literature several important questions arises:
i. Is there any dependency of elastic modulus of concrete on sizes of samples?
ii. Is there impact on relationship between static and dynamic modules of elasticity of concrete with sample sizes?

iii. Considering well-established size effects on compressive strength and suggested empirical relationships between compressive
strength and elastic modulus, what could be the inference in terms of the estimation of elastic properties of concrete from data by
strength? And consequently, in terms of design of concrete structural elements?
iv. Does the elastic modulus of concrete depend on material used and it sizes?

By analysing and considering we have carried experimental program on 54 cylindrical specimens with three different concrete
mixes and three different sample sizes the detail of this experimental research is described in next section.
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111. EXPERIMENTAL WORK

To answer the question of present research a testing plan was design to explore the size effect on compressive strength, static
elastic modulus and dynamic elastic modulus of concrete as shown in flow chart of fig 1. For experimental studies total 54
specimens of cylindrical shape with different sizes (¢ = 63mm, 90mm & 130mm) were prepared in the laboratory. The specimens
made up of three different concrete mixes based on three different aggregate sizes (dg = 3.36mm, 15mm, 24mm). In the present
work concrete cylinders with a constant height-to-diameter ratio (h/¢p = 2). Concrete was cast in standard plastic moulds with
dimensions of (¢ = 63mm, 90mm). The casting of cylinder was done as follows. First of all, the moulds used for casting purpose
were oiled from inside so that the concrete does not stick to the surface. After weighting all raw composition materials, cement
and aggregates are firstly blended for dry mix. After that, a small quantity of water is added and mixed for a while. Finally,
remaining water is added and continuously mixed before pouring into the concrete molds. Immediately after mixing, the concrete
which fulfilled the acceptance criteria were filled in mould and placed in a curing chamber within 30 minutes. Plastic molds were
removed after 24 h. All the specimens were cut by hexa blade to ensure both the ends to be perpendicular to the sides of the
sample and avoid flexural stress upon loading. specimens were cured in a water pond. Both non — destructive test and destructive
test were carried out for this experimental study. The dynamic elastic modulus was determined by using non — destructive test.
For this purpose, 54 P-wave velocity measurements (Sect. 3.3) were conducted on intact concrete specimens and 54 uniaxial
compression test i.e. destructive test was performed. Compressive failure strength and static elastic modulus for different concrete
samples was collected using that destructive test. In this paper all the data are used to examine (i) the effect of size is on static
elastic modulus and dynamic elastic modulus of concrete. (ii) static elastic modulus and dynamic elastic modulus of concrete
correlation between these two. (iii) The relation between compressive strength and static elastic modulus. (iv) The relation
between compressive strength and dynamic elastic modulus.

Table 3: Empirical relationship between the static and dynamic elastic moduli of concrete.

References Equation Type of Concrete Typ_e of static NDT method
elastic modulus
Resonant
= b

B. J. Lee (2017) E. = aEq Normal strength concrete Tangent Frequency test
L. Trifone (2017) Eupv = 1.16E Self-Compacting concrete Secant UpPv
P. P. Chavhan (2015) y=1.05x Self-Compacting concrete Secant UPV
J. S. Popovics (2008) Es = KEg*. 1t Light weight concrete Secant upPv
M. M. Salman (2006) Y 4=5.82(E.)° Normal strength concrete Secant upPv
Shraddhu S Ec=1.04E4-4.1 Light weight concrete Secant UpPv

E., E, Es, x = Static elastic modulus.

Ed, ¥, Y4, Eupv = Dynamic elastic modulus.

a & b = Constant according regression analysis.
k = 0.23 for units of psi.

UPV = Ultrasonic pulse velocity.

IV. MATERIALS AND CONCRETE MIXTURES

For this project Portland pozzolana cement (PPC) 53grade cement was used for preparing all concrete mixtures. The sand used
for the experimental programmed was procured in DBATU collage the sand was first sieved through 3.36 mm sieve to remove
any particles greater than 3.36mm and then was washed to remove the dust. The aggregates were sieved through a set of sieves of
3.36 mm, 2.36 mm, 1.18 mm, 0.75 mm and pan to obtain sieve analysis. The similar sieve analysis was done for medium size
aggregate having fineness modulus 6.78 and coarse aggregate having fineness modulus 9.07. Crush sand was used as fine
aggregate. The bulk specific gravity in oven dry condition of the sand as per IS 2386 (Part 111) 1963 were 2.64. The gradation of
the sand was determined by sieve analysis as per IS: 383-1970. Fineness modulus of sand was 3.321. The aggregate used for this
project for casting the concrete were clean and dry and their specific properties compiles with the requirement. The aggregates are
distributed according to their size with the help of sieve analysis which is shown in fig 1. Normal tap water was used for mixing
and curing of concrete samples in this study. we prepared three different concrete mixtures based on three different aggregate
sizes (Fine (F; i.e. only sand), Medium (M), Coarse (C)). For this we have made 18 specimens of fine aggregate, 18 specimens of
mixture of fine and medium aggregate and 18 specimens of mixture of fine and coarse aggregate. The maximum aggregate size
dg for fine it was 3.36mm, for medium it was 15mm and for coarse it was 24mm. The water to cement ratio (w/c) was 0.5 and it
was kept constant for all the specimen. In table 4, all the details of the mix proportion of three concrete mixtures are given. In this
project three different sizes of concrete cylinders (¢ x h =63 x 126 mm; 90 x 180 mm and 140 x 280 mm). where ® is diameter
of cylindrical specimen and his height of cylindrical specimen.
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Three Different Concrete Mixes
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Fig 1: Size distribution of aggregates.
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Table 4: Mix Proportion for three concrete groups.

Concrete Water Cement wie Sand 'I;/Iedri:n;te ioa:ze ate Xaxri;m;:r; size Finesse

Group (kg/md) (kg/md) (kg/md) (k%g/;mg (k%g/;mg (rg?n) g modulus
F 29.88 59.778 0.5 174.9 0 0 3.36 3.321
M 29.88 59.778 0.5 59.92 116.604 0 15 6.78
C 29.88 59.778 0.5 59.92 0 116.604 24 9.07

" Ralgad, Msharashtra, Inda
Dr. Babasaheb Ambedkar Technological University, 589Q+PHM,
Maharashtra 402103, India
11/07/22 04:29 PM

[

Fig 2: The PVC pipe molds with different sizes.
used for concrete samples.

Fig 3: Concrete specimens kept exposed to atmosphere after
the curing period for drying.

Fig 4: Semi-automatic Compressive testing machine

Fig 5: UPV test.

V.P-WAVE VELOCITY MEASUREMENTS

The P-wave ultrasonic measurement mainly uses the arrival time of a stress wave and has two types of methods: direct (pulse-
echo and through-transmission) and indirect transmission, as illustrated the direct transmission uses the transfer of P-wave energy
passing through a cross section between the transmitter and receiver. In the pulse-echo method, the transmitter/receiver transducer
performs both sending and receiving of the pulsed waves reflected from the back wall of specimen. In the through-transmission, a
transmitter sends ultrasound waves through one surface, and a receiver detects them on the opposite surface. On the other hand,
the indirect transmission uses the P-wave path near surface. It is mainly used when only one face of the concrete is accessible or
when the depth of a surface crack is to be determined. It is the least sensitive of the transducer arrangement for a given path. The
surface response caused by the arrival of reflected or transmitted waves is monitored by the same or a different transducer acting
as a receiver. The receiver output is displayed on an oscilloscope as a time-domain waveform. The round-trip travel time of the
pulse can be calculated by determining the time from the transmitted pulse to the reflected echo. If the wave speed in the material
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is known, this travel time can be used to compute the depth of the reflecting interface. Transducers associated with short-duration,
low-frequency focused waves are generally used for testing concrete.

According to ASTM C597-02, the dynamic Young’s modulus of concrete can be estimated from the P-wave velocity, Ve of a
compression wave travelling through an elastic concrete body, the Poisson’s ratio, v, and the density of the concrete sample, p, as
follows:

(1+v)(1-2v)
Vo= Vi) @

Consequently, the measurement of the shear modulus, and so of the Poisson’s ratio (v), was not possible from the AE
measurements carried out in this study. The value of Poisson’s ratio for normal weight concrete is generally in a range 0.20 to
0.25. Moreover, available data do not show any significant impact of various factors (e.g. W/C ratio, curing condition, aggregate
gradation) on Poisson’s ratio. In this study, an averaged value of v= 0.22 was assumed as the value of Poisson’s ratio for all our
concretes to estimate the dynamic modulus of elasticity (Yd)from Eq. (4). As our specimens both the surface were accessible, we
have used a direct method of ultrasonic pulse velocity. In order to detect the arrival time of P-wave of concrete, a pair of
piezoelectric transducers (AE sensors) with frequency bandwidth of 54 kHz, Pulse width 9.2 uS and medium sensitivity was used.
These two transducers were fixed by holding at the end surface of cylinders. The test was conducted on 54 specimens. The values
of travel time, Pulse velocity and dynamic elastic modulus are given in table 5.

I"' .“\\
\ / \
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VI. COMPRESSION TEST

After completing the non-destructive test i.e. Ultrasonic pulse velocity on 54 specimens, the mechanical properties including the
compressive strength and modulus of elasticity were calculated using compression test. Compression testing is a very common
testing method that is used to establish the compressive force or crush resistance of a material and the ability of the material to
recover after a specified compressive force is applied and even held over a defined period of time. Compression tests are used to
determine the material behavior under a load. The maximum stress a material can sustain over a period under a load (constant or
progressive) is determined. The machine used for this test was semi-automatic compression testing machine with screen touch
indicator which is given in fig 4. The loading capacity of compression machine was 2000KN. The peak load gets automatically
stop when the specimen got failed. When peak load gets stop, every time the reading has been noted down. The results of all
specimen are given in table 6. The compressive strength was calculated using the following formula,

Peak load
Area
¢ F-concrete
A M-concrete
: e C= t
26 - C-concrete
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1 } ° : o
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g o
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Fig 6: Dynamic modulus of elasticity Vs Modulus of elasticity.
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Fig 7: Diameter of sample Vs Dynamic modulus of elasticity. Fig 8: Diameter Vs Elastic modulus.

VII. SIZE EFFECT ON ELASTIC MODULI

Concrete exhibits a size-dependent behavior on the nominal compressive strength. In this paper, we have focused on the
modulus of elasticity behavior accordance with change in size of aggregates and specimen size. This work includes both the
modulus of elasticity and dynamic modulus of elasticity. The variation of modulus of elasticity and dynamic modulus of elasticity
with sample diameter of three concrete groups is given in fig 7, 8. The variations of modulus of elasticity and dynamic modulus
with the sample diameter for the three concrete groups are respectively presented in a fig 6. The mean values and corresponding
standard deviation (SD) of modulus of elasticity and dynamic elastic modulus for our three concrete mixtures with three different
sizes are given in table 5. The finer material (F-concrete) shows the lower values of both mean and standard deviation (SD) than
that of coarse concrete (M and C concrete). For given concrete mixture modulus of elasticity and their standard deviation.do not
exhibit any significant sample size effect.

In non-destructive measurements we observe that, the finer material (F-concrete) shows the lower values of both mean and
standard deviation (SD) than that of coarse concrete (M and C concrete). The mean values and standard deviation (SD) of P wave
velocity of three different concrete mixture with different sample sizes are given table 5. the dynamic elastic modulus observed to
be greater than the modulus of elasticity. There is no linear relationship between dynamic modulus of elasticity and modulus of
elasticity Indeed, by means of a non-destructive technique, the dynamic modulus of elasticity is determined prior to loading and
so without microcracking However, for a given concrete group, we did not observe any significant sample size effects on density
(see their values in Table 5). This means that density neither have a significant influence on the size-dependency of the elastic
modulus of concrete, nor on the correlation between the modulus of elasticity and dynamic elastic moduli.

Table 5: Density, P-wave velocity, modulus and dynamic modulus of different sample sizes and different concrete groups.

Cgpg:gte (Q’Sr?]rrr:]p)l(ehmrznem) Density p (kg/m”~3) | Modulus of elasticity P-Wave(\rflls(;uw, Ve Dynargllgsl:flcc;?yulus of
Mean SD Mean SD Mean SD Mean SD
FS 63 x 126 2104.49 80.90 17.65 2.42 3453.65 270.87 22.17 417
FM 90 x 180 2064.75 28.72 20.84 2.21 3488.42 190.30 22.07 2.42
FC 140 x 280 2102.72 28.77 22.02 1.27 3689.23 122.98 25.10 1.81
MS 63 x 126 2176.24 40.36 23.42 1.6 3631.38 92.48 25.14 1.21
MM 90 x 180 2136.68 29.73 24.3 1.18 3605.99 224.41 24.42 3.06
MC 140 x 280 2160.36 18.82 24.28 2.34 3869.99 61.15 28.35 0.96
CSs 63 x 126 2206.80 25.04 23.46 2.01 3605.05 192.12 25.16 2.49
CM 90 x 180 2168.87 31.67 23.06 2.82 3863.22 50.90 28.36 0.84
CC 140 x 280 2206.28 28.98 23.53 2.81 4134.16 158.84 33.06 2.30
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Fig 9: Relationship between the compressive strength and the elastic modulus of concrete sample: a for F — concrete; b for M —
concrete; ¢ for C - concrete and d for all concrete samples.

VIIl. RELATIONSHIP BETWEEN COMPRESSIVE STRENGTH AND MODULUS OF ELASTICITY

As it is given in table 1, table 2 table 3 there are numerical expression given in the building code and. In this study, only the
expressions proposed in the most popular building codes (i.e. the standards EN 1992 [2] and ACI 318-05 [3]) are used in order to
compare with our results Fig, shows the correlation between compressive strength modulus of elasticity and dynamic modulus for
all our concrete samples. The relationships obtained using the expressions (Egs. (1) and (3)) given in the codes mentioned above
are also plotted in Fig. 8 by taking f 0 ¢ % rf and of cm ¥4 rfb. From this, we observed that,

(i). The empirical expression of Eurocode (2008) have much larger values than dynamic elastic modulus and modulus of
elasticity, without dependency on concrete mixtures and sample size.

(ii). The dynamic modulus of elasticity (Yd) experimental data are above the empirical predictions of Eurocode 2008 for C
concrete and experimental data are below the empirical predictions for F concrete and M concrete

(iii). The dynamic modulus and modulus of elasticity for F concrete, M concrete and C concrete, ACI 363-10(2010)

underestimate the value of Yd.
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Table 6: Compressive strength and its correlation coefficient with the elastic modulus.

Concrete group Sample S'Zfrfn?) xh (mmx Compressive strength 6vsY 6 vs Yd
Mean SD
FS 63 x 126 12.66 3.56 0.72 0.57
FM 90 x 180 17.54 3.88 0.84 0.79
FL 140 x 280 19.45 2.26 0.88 0.78
MS 63 x 126 22.03 2.87 0.94 0.88
MM 90 x 180 23.67 2.29 0.97 0.97
ML 140 x 280 23.77 4.8 0.98 0.84
CS 63 x 126 22.15 3.85 0.94 0.88
CM 90 x 180 21.54 5.04 0.93 0.76
CL 140 x 280 22.4 5.38 0.95 0.68

(iv). The mean value of the dynamic modulus of elasticity, Yq, seems to slightly increase with increasing compressive strength, o,
for F and M-concretes. This is not the case for C-concrete.

(v). Merging strength data for all sample sizes of a given concrete group, the absence of correlation is clear as well for an
individual dataset (fixed concrete mixture and sample size), the correlations of compressive strength o with both dynamic moduli
Yd and modulus of elasticity are either very weak or insignificant.

IX. CONCLUSION

In this paper, from the experimental investigation on compressive strength of various hardened concrete with different
concrete mixtures and different sample sizes: we (i) studied potential effect of sample size and concrete mixtures on elastic
properties and (ii) studied the relationship between compressive strength and elastic modulus. The following main conclusions are
given below,

(i). The finer concrete shows a smaller elastic modulus than the coarser ones This is consistent with the fact that the elastic
modulus of concrete is affected by the elastic modulus of the aggregate and by the volumetric proportion of aggregate in the
concrete.

(ii). The ratio of dynamic elastic modulus and modulus of elasticity for all specimens with different sizes and different concrete
mixtures, is always less than one. This ratio directly depends on the methodologies applied for measuring the deformation of
specimens during the loading and for estimating the elastic modulus.

(iif). The compressive strength has increases with increase in size of F concrete and M concrete. This is in full contrast with
elastic properties of concrete that is there is no sample size effect on the elastic properties of concrete.

(iv). There is no direct relationship between elastic modulus and compressive strength of concrete. Consequently, the authors will
recommend non-destructive test such as Ultrasonic pulse velocity measurements on concrete specimen to directly measure the
elastic modulus of concrete.
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