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Abstract

Concrete, which has been used as a building material in the construction industry for many years, is a brittle material with high
compressive strength and low tensile strength, and is supported by steel reinforcement, which is a ductile material, especially in
tensile zones. For this reason, adherence, which is the interface shear stress that provides the interlock between concrete and
reinforcement, is the reason for the existence of reinforced concrete. Adherence can only be achieved with appropriate reinforcement
placement and concrete cover. For this reason, errors that may occur in the application directly affect adherence. In this study, in
order to investigate the consequences of errors in reinforcement placement and concrete cover thickness during application, 8
reinforced concrete beams in 4 different groups of 1/2 scale, with a cross section of 15x30 cm and a length of 205 cm were produced
and it was aimed to experimentally determine the effect of the placement of the tensile zone reinforcement in the beam span and the
adherence caused by the concrete cover on the beam performance. As a result of the three-point bending test, it was observed that if
the concrete cover and reinforcement placement are made in accordance with the standards, the maximum bearing capacity decreases
due to the increased adherence, while the leading cracks in reinforced concrete beams occur under higher loads, more number of
capillary cracks are formed instead of large cracks and the beams behave more rigid. In cases where adherence is not achieved,
ribbed reinforcement behaves similar to the behaviour of plain reinforcement and forms wide cracks by stripping.
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1. Introduction

Beams have been one of the structural elements of a reinforced concrete structure (Dogan et al., 2022). Two of the important issues to
be considered when designing a beam have reinforcement placement and adherence due to concrete cover. Although these issues have
given due importance in the project, they are not paid much attention during the application (Ustiin & Dal, 2016). This affects the
performance of the beams.

Concrete cover is the distance between the outer part of the reinforcement and the outer part of the concrete in the beam section (Celep,
2022). Concrete cover in beams is left for three main purposes (Aydin, 2021). These are to protect the beams against fire (Shi et al.,
2004; Pinoteau et al., 201 1; Khoury, 2000; Demirel and Altindas, 2005; Akyiirek, 2019; Unliioglu et al., 2007) to prevent corrosion of
reinforcement (Vu and Stewart, 2005; Cedrim et al., 2019; Oliveira et al., 2023; Dasar et al., 2022) and to ensure adherence between
concrete and reinforcement (Akgiil et al., 2022; Akgiil and Dogan, 2022). The thickness of concrete cover must be greater than 25 mm
for columns and beams open to weather conditions and greater than 20 mm for columns and beams inside the structure that are not
exposed to external influences (TS 500, 2000).

Adherence is the shear stress that provides interlocking between concrete and steel reinforcement (Alper, 2008). In order for the two
materials to interlock better, the surface area they contact should be high. Adherence is affected by variables such as compressive
strength of concrete (Dogan et al., 2019; Sartori et al., 2017), yield strength of the reinforcement used, surface geometry and diameter,
reinforcement embedment length, transverse reinforcement, concrete cover, type and content of aggregate used in concrete (Atmaca,
2017), additives (Yiicel and Erten, 2023; Harmuth, 1995; Topgu et al., 2006) and epoxy adhesives (Tramis et al., 2016) (Basaran and
Kalkan, 2021). In addition, reinforcement corrosion, which may occur if the thickness of the concrete cover is not in accordance with
the standards, increases the adhesion by filling the gaps in the first place, but decreases the adhesion strength when it progresses (Lee
et al., 2002; Ichinose et al., 2004; Topgu and Boga, 2008; Dogan and Akgiil, 2020). Coskan and Yiiksel (2013) conducted an experiment
comparing the earthquake behaviour of reinforced concrete frames with and without corrosion and determined that corrosion is a factor
that reduces element strength. In reinforced concrete structures, the adherence between concrete and steel occurs in two ways. The first
one is bending adherence which is related to the stress in the reinforcement. The second one is the interlock adherence which is
determined by the rate of embedment of the reinforcement in the concrete.

In the study conducted by Katz (2018), it has stated that the concrete cover should have a constant average of the concrete cover
thicknesses throughout the structure as well as the effect of the concrete cover on the service life of the building. It has shown that
when the standard deviation of the concrete cover thicknesses throughout the structure reaches 15 mm, the service life can be reduced
by 30%. Jendele and Cervenka (2006) performed a finite element modelling based on the geometry of the reinforcement bars and the
interface properties. This model can realistically simulate the bond between the reinforcement and the surrounding concrete. They also
validated their model with laboratory tensile tests. Four different bond stress cases were compared and it has stated that a strong bond
stress between the reinforcement and concrete would reduce the ultimate load by about 30%. Larrard et al. (1993) conducted many
experiments to investigate the bond strength between high strength concrete and reinforcement. Different specimens with high
performance concrete and normal concrete, reinforcement diameter ranging from 10 mm to 25 mm and reinforcement surface separated
as rough and smooth were subjected to the test. As a result of the test, it has determined that the adherence increased as the tensile
strength of the concrete increased, but the most determining factor was the reinforcement diameter. It have been concluded that the
smaller the reinforcement diameter, the higher the adherence. Mirza and Houde (1979) carried out pull-out tests for 62 specimens with
4, 6 and 8 mm diameter reinforcement. In all cases, it has observed that cracks formed and propagated and the reinforcement elongated.
A bond stress - shear relationship has derived from the experimental data and it has found that this relationship has dependent on
concrete strength, concrete cover thickness, reinforcement diameter and load level and that beam performance improved especially
when the concrete cover was increased. In the study by Naaman and Najm (1991), different amounts of different admixtures were
added to the concretes in the specimens to be subjected to tensile tests. It has determined with the results of the experiments that
adherence increased when the additives increased the strength of the concrete. Bouazaoui and Li (2008) studied the pull-out test to
determine the shear stress between steel and concrete and to calculate the ultimate force. The relationship between ultimate force,
diameter and length embedded in concrete was expressed experimentally. It has concluded that the ultimate force is directly dependent
on the steel reinforcement diameter and embedded length. A theoretical model is also proposed to predict the critical shear stress. This
model has been also compared with the experimental results and found to give similar results. Biscaia and Soares (2020) identified
some inconsistencies in the traditional theory where the adherence between concrete and reinforcement is described as a bond-slip
relationship. They performed 33 different tensile test experiments involving 3 different ribbed reinforcements of different diameters
and different embedded lengths and developed an analytical solution. A new local bond-slip relationship with friction was proposed
by looking at the experimental load and displacement relationship at the pulled end in the tensile test. Basaran and Kalkan (2020)
conducted flexural tests on 90 articulated beams to investigate the variables affecting the adherence between FRP reinforcement and
concrete. As a result of the study, it has concluded that when the thickness of the concrete cover on the side and bottom exceeds 2.5
times the reinforcement diameter, the contribution of the concrete cover to the adherence strength will be very little or none. In the
study conducted by Dondiiren et al. (2006), an experiment was carried out to test many factors affecting adhesion. As a result of the
experiments, it has concluded that high concrete quality, the use of ribbed reinforcement instead of plain reinforcement, high interlock
length and the use of stirrups increase adherence. In their study, Ozkal and Uysal (2017) investigated the effect of changing only the
reinforcement arrangement on beam performance. With the new design they made on the determination of reinforcement detail, they
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ensured ductile fracture of a brittle fractured specimen. Ertug et al. (2018) interpreted the adherence of reinforced concrete beams
subjected to corrosion effect by subjecting them to flexural test. As a result of the bending test, the specimen with a corrosion rate of
3.23% behaved more ductile than the non-corroded specimen because it increased adherence. However, as corrosion increased more,
negative effects occurred. Sakcali et al. (2024) investigated the adherence difference between a reinforced concrete beam reinforced
with a steel bar with a smooth surface and a steel bar with a sand-coated outer surface by bending test. As a result of the tests, it has
found that the adherence of the sand-coated steel bar was higher than that of the steel bar with smooth surface. Tanyildizi and
Yazicioglu (2006) investigated the effect of concrete curing conditions on adherence at 3, 7, 14 and 28 days. As a result of the
experiments, it was determined that the highest adherence occurred in water, nylon and air curing conditions, respectively. Arslan and
Arslan (2018) investigated the effect of interlock length and reinforcement diameter on the adherence between concrete and
reinforcement by performing flexural test. As a result of the study, it has observed that the adherence increased as the clamping length
increased, but in cases with the same clamping length, higher adherence occurred between small diameter reinforcement and concrete.
Tiirk and Bagsiiriicii (2021) examined the adherence strength of long and short steel fibre reinforced beam specimens by subjecting
them to four-point bending test. As a result of the study, it has concluded that the adherence is 65% higher in mixed fibre reinforced
beam specimens.

Even if the reinforcement spacing and the thickness of the concrete cover are determined at the project stage, they are open to error
during the application. Although some of such errors do not have a numerical equivalent, they directly affect the beam performance.
Although reinforced concrete calculation programmes recommend double rows of reinforcement in accordance with the standard
reinforcement spacing in the tension zones of densely reinforced beams, it is observed in practice that the spacing is violated in practice
and single rows are used, resulting in unexpected early cracks and large deflections. Similarly, if the concrete cover is violated, cracks
and deflections due to early adherence loss are observed in these beams, which are open to fire and corrosion threats. Among the
literature studies presented above, it has observed that there is no direct literature study on these failures and their consequences.

In this study, in the analysis and design of reinforced concrete beams, 8 1/2 scale reinforced concrete beams were prepared and subjected
to flexural tests by changing the thickness of the concrete cover and the reinforcement spacing affecting the adherence based on both
the conditions given in the regulations and the situations encountered during the application. The effects of both reinforcement
placement and concrete cover on the behaviour and performance (maximum bearing capacity, deflection values, energy dissipation
capacity and stiffness) of the beams were observed experimentally. In addition, the experimental results are compared and interpreted
with analytical results. Taking the load-deflection behaviour graph of two beams with minimum reinforcement as a reference, the
performance of two beams with the same tensile reinforcement in the beam span but with reinforcement placement in accordance with
standard spacing and concrete cover, and two beams with reinforcement placement not in accordance with standard spacing and
concrete cover, which are frequently encountered in practice, were investigated for loss of adherence and inadequate concrete cover.
With this study, it is aimed to contribute to the literature on how the errors to be made during the application of reinforced concrete
beams will affect the beam performance.

2. Material and Method
2.1. Test Samples and Materials

In this study, a total of 8 reinforced concrete beams in 4 different groups coded as A, B, C, D with 1/2 scale 15x30 cm section and 205
cm length were produced. While determining the beam dimensions and reinforcements, the required dimensioning dimensions specified
in TS 500 and TBDY 2018 were followed (TS500, 2000; TBDY, 2018; Celep, 2022; Turan, 2022). Mould preparation, reinforcement
placement and concrete pouring of a total of 8 beam specimens were carried out in the laboratory. All beam specimens were kept in
the laboratory at a temperature of 25+2°C until the relevant test day after manufacturing.

Since the subject of the study is related to the reinforcement placement in the tension zone of the beam, 2 @8 reinforcements were
placed in the compression zone as fixed. In all beam specimens, @8 stirrups were used at 15 cm intervals. In specimen A, 1208
reinforcements were used in the tension zone while no concrete cover thickness was left in the tension zone. In specimen B, 1208
reinforcement was used in the tension zone and 1.25 cm concrete cover thickness was left in the tension zone in accordance with the
standards. In specimen C, 408 reinforcement was used in the tensile zone and 1.25 cm concrete cover thickness was left in the tensile
zone. In specimen D, a double row of 1208 reinforcement was used in the tension zone and a concrete cover thickness of 1.25 cm was
also left in the tension zone. Cross-sectional views and common long-sectional view of all beam specimens are given in Figure 1.

Plywood have used for the moulds of the beam specimens. As shown in Figure 2, after the reinforcements were cut and connected

appropriately, the thickness of the concrete cover was adjusted and the beam specimens were placed in the moulds. Then, concrete was
poured into the moulds (Bilgil et al., 2005).
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Figure 1. (a) Cross-sectional views of beam specimens, (b) Long-sectional views of beam specimens. (Dimensions in cm.)
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Figure 2. Preparation of reinforcement of beam specimens and placing them in the mould.

A total of 0.36 m?® of concrete was used for the production of 8 beam specimens to be used in the experiment. The concrete used in the
production of beam specimens was obtained from EZN Mining Manufacturing Company as C30/37 ready-mixed concrete. The C30/37
ready-mixed concrete contains 45% coarse aggregate with a grain size of 5-11 mm and 55% crushed sand. According to the test results
performed at the concrete production facility, the water/cement ratio of the concrete has determined as 0.51. The slump value of the
concrete has determined as 180 mm and the ready-mixed concrete used is classified as S4 among the 5 slump classes in TS EN 206+A2
(2021) (TS EN 206+A2, 2021; Bilgil et al., 2010).
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Nine 15 x 15 x 15 cm cube specimens were produced from the concrete used in beam production. The specimens were demoulded after
24 hours and 3 of them were kept in lime saturated water curing at 20+2°C for 28 days. The other 6 cube specimens were kept together
with the beam specimens in the laboratory until the 63rd test day when the beam tests were carried out. The characteristic cube
compressive strengths of the cube specimens were calculated by performing uniaxial compressive strength test under constant loading
using a computer controlled press in the laboratory. The characteristic cube compressive strength of all cube specimens have converted
to the characteristic cylinder compressive strength by equation 1 according to TS EN 206+A2 (Celep, 2022; TS EN 206+A2, 2021).

F;:];(/linder = 0.85 Fé:ll(xbe (1)

The modulus of elasticity of concrete has determined as 31118.5 MPa with equation 2 using the characteristic compressive strength of
concrete determined according to the results of the specimen subjected to compression test on the test day.

E. = 3250 Vf, + 14000 (MPa) 2

Tensile tests have performed in accordance with TS EN SO 6892-1 by taking 3 samples of @8 reinforcements to be used in beams
(TS EN ISO 6892-1, 2020). As a result of the tensile test, the values found by averaging the 3 samples are given in Table 1.

Table 1. Reinforcement steel material properties.

Diameter, Relnj;orcement Average Yield Strength, ~ Average Tensile Strength, s Avehr;alpg\e Ten5|$_ Id
® (mm) rea, . (MPa) f, (MPa) trength/Average Yie
A (mm?) Y Strength
8 50.24 481.19 582.24 1.21

According to TS 708 (2016), the ratio of reinforcement tensile strength to reinforcement yield strength should be between 1.15 and
1.35 (TS 708, 2016). As a result of the test, it has seen that the reinforcements used in the test met this condition.

In order to prevent oblique tension fracture in the beams, the ratio of the distance of the loading point to the support at the midpoint of
the beam, which is the beam shear span, to the useful height of the beam (a/d) was determined to be greater than 3. It was calculated
as 3.29 for specimen A with a useful height of 296 mm, 3.44 for specimen B with a useful height of 283.5 mm, 3.44 for specimen C
with a useful height of 283.5 mm and 3.55 for specimen D with a useful height of 274.5 mm.

2.2. Preparation of the Experimental Setup

In order to make the necessary loads within the scope of the experiment, the steel frame system available in the laboratory was used as
a device. Beams were loaded with the help of a hydraulic jack located in the centre of the steel frame system. @40 solid iron was placed
at the bearing points and the moving and fixed state of the bearings was adjusted. In order to measure the deflection of the beams during
loading, a mechanical comparator was placed at the bottom of the beam in the middle of the beam. A representative image of the
experimental setup in the laboratory environment is given in Figure 3.

Figure 4 shows a specimen ready for loading on the experimental setup.
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Figure 3. Representative experimental setup representation (dimensions in cm).

Figure 4. Beam specimen test.

After the beam specimens reached the load carrying capacity, the tests were continued until approximately 5% strength loss and then
terminated.
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2.3. Reinforced Concrete Calculations of Beams

Reinforced concrete theoretical calculations were performed for beam specimens. From the values shown in Table 2, the concrete shear
capacity (Vc) was calculated as 80% of the concrete critical shear capacity (Vcr) by Equation 3 and Equation 4. The stirrup shear
capacity (Vw) was calculated by the formula given in equation 5. In the equations, n is the number of stirrup arms, Asw is the cross-
sectional area of the stirrup vertical arms, d is the useful height of the beam, Sk is the stirrup spacing, fctk is the characteristic axial
tensile strength of concrete, bw is the beam width and fywk is the characteristic yield strength of the stirrup reinforcement (Ersoy et
al., 2019).

V. = 08V, ©)
V., = 0.65 fuy by, d (4)
Vw = (n Asw I:ywk d) / Sk (5)

Table 2. Reinforced concrete calculations for beam specimens.

Theoretical Moment of Bearing Beam Shear Concrete Shear Stirrup Shear
Test Specimen Max. Load Strength, Force, Capacity, Capacity,
P (kN) M; (KN.m) Viiris (KN) V¢ (kN) Vw (kN)
A 151.74 73.97 52.84 42.48 95.41
B 145.79 71.07 51.51 41.14 92.19
C 54.02 26.33 19.09 41.14 92.19
D 140.44 68.46 50.27 39.84 89.29

It is also important to analyse the crack formation and development in reinforced concrete beams (Wang et al., 2016; Picandet et al.,
2009; Merkle et al., 2023; Ayhan et al., 2022). For this reason, according to the calculations made with Equation 6, the moment (Mcr)
at which the beams will start to crack first was calculated as 4.149 kN.m (Ersoy et al., 2019).

Mo = feae I/ Ymax (6)

Tensile zone reinforcement ratios of the beams were calculated by Equation 7 (TS500, 2000). The tensile zone reinforcement ratios of
beam specimens A, B and D were calculated as 0.0134, while the tensile zone reinforcement ratio of beam specimen C was determined
as 0.0044.

p = As/(bwd) ()

The minimum reinforcement ratio required for reinforced concrete beams was calculated by Equation 8 (TS500, 2000). The minimum
reinforcement ratio of the beams was determined as 0,0030 for all beams. The maximum reinforcement ratio in the tension zone of the
beams is 0.02 (TS500, 2000). Although all beams meet the reinforcement ratio conditions, specimen C is equipped with a reinforcement
ratio closer to the minimum reinforcement ratio (Severcan et al., 2016; Foroughi and Yiiksel, 2023).

fc

Pmin = 0.8 (f_td) (8)
yd

3. Findings

3.1. Observational Findings and Evaluation

Within the scope of the study, bending tests were carried out on 8 reinforced concrete beams in 4 different groups with a 1/2 scale
section of 15x30 c¢cm and a length of 205 cm. One side of the beams was connected as a fixed support, while the other side and the
middle part where the maximum load was applied were connected as movable supports. As expected, the beams behaved like a single
span simple beam under three point loading. In the flexural tests, the collapse of beam A specimens with 1208 reinforcement in the
tension zone and no concrete cover is shown in Figure 5-a, and the collapse of beam B specimens with 1208 reinforcement in the
tension zone and concrete cover thickness in accordance with the standards is shown in Figure 5-b, The collapse pattern of C beam
specimens with 408 reinforcement in the tensile zone and concrete cover thickness in accordance with the standards is given in Figure
5-c, and the collapse pattern of D beam specimens with double rows of 1208 reinforcement in the tensile zone and concrete cover
thickness in accordance with the standards is given in Figure 5-d.
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Figure 5. Collapse pattern of beam specimens (a) specimen A, (b) specimen B, (c) specimen C, (d) specimen D.

When the test specimens and collapse patterns were analysed, no crushing of the concrete was observed in the compression zones of
the specimens, indicating that the compressive strength of the concretes was sufficient. As a result of the test, shear collapse due to
lack of stirrups did not occur in the specimens. No tensile fracture and arching effect were observed in the specimens.

In specimen C, which has less tensile reinforcement, and specimen D, which has double rows of reinforcement, while the initial cracks
appeared as flexural cracks in the lower centre of the beam, the maximum bearing capacity was reached with shear flexural cracks near
the centre. In the other single-row reinforced beams A and B, it was observed that large shear cracks close to the supports were the
effective collapse cracks of the beams due to adherence weakness caused by reinforcement placement. In addition, when the crack
formation in the beam specimens is observed, it is seen that there are fewer and larger cracks in specimens A and B where reinforcement
placement and concrete cover are not in compliance with the standards, while more capillary and more cracks are formed in specimens
C and D where reinforcement placement and concrete cover are in compliance with the standards.
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Premature cracks in beams receiving vibration will change the structural behaviour of the system by increasing the period of the beam
(Kassem et al., 2022).

3.2. Experimental Results and Evaluation

The cube specimens formed during concrete casting were subjected to compressive tests in the laboratory with the help of a computer
controlled press. The average characteristic cube compressive strength of 3 cube specimens kept in lime saturated water for 28 days
was determined as 35.16 MPa and the characteristic cylinder compressive strength was determined as 29.89 MPa. The average
characteristic cube compressive strength of 6 cube specimens kept in the laboratory until the test day was 32.64 MPa and the
characteristic cylinder compressive strength was 27.74 MPa. In all reinforced concrete calculations, 27.74 MPa value was used as
concrete compressive strength.

Considering the test results of 8 beam specimens in 4 different groups used in the experiment, specimens A and B were compared to
measure the effect of concrete cover on beam strength, specimens B and D were compared to measure the effect of adherence due to
reinforcement placement, and specimens A and D were compared to see the effect of reinforcement placement and concrete cover at
the same time. A comparison was made between specimens C and D only in terms of different reinforcement ratios. As a result of the
experiment, the force-displacement graph of 8 beam specimens in 4 different groups from the moment they reached the load carrying
capacity to the moment of flexural collapse is shown in Figure 6. While other graphs are given for beam specimens, the graphs were
created by taking the average of the specimens in the same group. The experiments were continued until approximately 5% strength
loss after the beam specimens reached the load carrying capacity. The usable deflection limit (L/240 = 8.125 mm) is indicated with a
line on the graph.

—a— A (1283-Without Concrete Cover) —i— B (1288 With Concrete Cover)
== C (43 With Concrete Cover) —=—D (12@2-Douvble Row-With Concrete Cover)

160
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8,125 mm

L/240

1] 1 2 3 4 3 i 7 2 9 10 11 12 13 14 13 16 17 12
Displacement (mm)
Figure 6. Load-displacement graph of beam specimens.

Figure 7 shows the slope of the load-displacement graph for beam specimens in the linear elastic region. The P- & slope of specimen B
is 14.74% (17.13/14.93) higher than that of specimen A. The P- 3 slope of sample D is 35.79% (23.26/17.13) higher than that of sample
B. The P- 6 slope of sample D is 55.79% (23.26/14.93) higher than that of sample A. The P- 3 slope of specimen C is 0.86%
(23.46/23.26) higher than that of specimen D. Considering these results, it is seen that specimen A, whose reinforcement placement
and concrete cover do not comply with the standards, has the lowest slope and stiffness in the linear region. The fact that the stiffness
of specimen B with concrete cover is higher than specimens A and B with only concrete cover difference between them supports the
study of Mirza and Houde (1979).

190



IJERAD, (2025) 17(1), 182-197, Dogan et al.

25 23.46 23.26
®
o 20 17.13
= 14,93
I+
g 13
&
=
10
2
E 3
=
0
A(1208-Without B (1208-With C(4@2-With D (1298-Double
Conerete Cover) Conecrete Cover) Concrete Cover) Bow-With
Conerete Cover)
Beam Specimens

Figure 7. Load-displacement (P-8) slope plot in linear elastic region.

Figure 8 shows the graph of the amount of load at the usable deflection limit of the beams. The load at the usability deflection limit of
specimen B is 8.82% (128.30/117.90) higher than that of specimen A. The amount of load at the usability deflection limit of specimen
D is 6.94% (137.20/128.30) more than specimen B. The load at the usable deflection limit of specimen D is 16.37% (137.20/117.90)
higher than that of specimen A. Among the two specimens with different reinforcement ratios only in the tensile zone, the load at the
usable deflection limit of specimen D is 85.91% (137.20/73.80) higher than that of specimen C. From this point of view, it is seen that
in the case of equal reinforcement ratios, the amount of load at the usable deflection limit of the specimens increases as the
reinforcement placement and concrete cover are brought into compliance with the standards. As in the study of Jendele and Cervenka
(2006), the increase in adherence increases the amount of load that the beams can carry before the cracks in the beams grow.
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Figure 8. Load amount at the availability deflection limit (L/240).

Figure 9 shows the graph of energy consumption at the usable deflection limit of the beam specimens. The amount of energy
consumption at the usability deflection limit of specimen B is 11.30% (573.93/515.65) higher than that of specimen A. The energy
consumption of specimen D at the usability deflection limit is 22.49% (703.00/573.93) more than that of specimen B. The energy
consumption of specimen D at the usability deflection limit is 36.33% (703.00/515.65) higher than that of specimen A. The energy
consumption of specimen D at the usable deflection limit is 59.89% (703.00/439.68) higher than that of specimen C. It was observed
that the amount of energy consumption at the usable deflection limit is higher if the reinforcement placement and concrete cover are
made in accordance with the standards.
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Figure 9. Graph of the amount of energy consumed in case of availability deflection limit.

Figure 10 shows the load carrying capacity graph of the beam specimens. As a result of the experiment, the load carrying capacity of
specimen A was 156.00 kN, specimen B was 148.00 kN, specimen C was 76.00 kN and specimen D was 144.00 kN. The load carrying
capacity of specimen A is 5.41% (156.00/148.00) higher than that of specimen B. Since the useful height (d) of specimen B is higher,
its load carrying capacity is 2.78% (148.00/144.00) higher than specimen D. The load carrying capacity of specimen D is 89.47%
(144.00/76.00) higher than that of specimen C due to the reinforcement ratio between specimens C and D, which have equal conditions
in terms of reinforcement placement and concrete cover. The load carrying capacity of specimen A was 8.33% (156.00/144.00) higher
than that of specimen D. Since the load carrying capacity is dependent on the reinforcement ratio and useful height in the 4 specimen
groups where identical reinforcement and concrete are used as materials, it is seen that the adherence stress has no direct effect on the
load carrying capacity. The load carrying capacities obtained after the test are consistent with the reinforced concrete calculations for
beam specimens A, B and D. However, although the reinforcement ratio of beam specimen D is 3 times that of beam specimen C, there
is a difference of about 2 times between the load carrying capacities. However, although the reinforcement ratio of beam specimen D
is 3 times that of beam specimen C, there is a difference of about 2 times between the load carrying capacities. Although the first reason
for this is the decrease in the useful height of the second row of reinforcement in specimen D, it is thought to be due to the more
frequent spacing of the reinforcement.
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Figure 10. Load carrying capacity (Pmax) graph.

Figure 11 shows the displacement (Sopt) graph when the load carrying capacity is reached. It was observed that specimen A deflected
25.30% (13.77/10.99) more than specimen B when the load carrying capacity was reached. Specimen B deflected 19.59% (10.99/9.19)
more than specimen D. When the load carrying capacity was reached, specimen A deflected 49.84% (13.77/9.19) more than specimen
D. Specimen D deflected 1.99% (9.19/9.01) more than specimen C. If the reinforcement placement and concrete cover are made in
accordance with the standards, it is seen that the beams reach the load carrying capacity with less deflection. As in the study of Ozkal
and Uysal (2017), it was observed that the beam performance changed by changing only the reinforcement placement of the specimens
formed with identical materials.
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Figure 11. Displacement (5opt) graph when the load carrying capacity is reached.

Figure 12 shows the graph of the amount of energy consumption in the load carrying capacity of the beams. As a result of the
experiment, the amount of energy consumption in the load carrying capacity of specimen A was found to be 1293.04 kN.mm, 946.17
kN.mm for specimen B, 505.57 kN.mm for specimen C and 811,63 kN.mm for specimen D. The energy consumption of specimen A
is 36.66% (1293.04/946.17) higher than that of specimen B. The amount of energy consumption in the load carrying capacity of
specimen B is 16.58% (946.17/811.63) more than specimen D. The amount of energy consumption at load carrying capacity of
specimen A is 59.31% (1293.04/811.63) more than specimen D. The energy consumption at load carrying capacity of specimen D is
60.54% (811.63/505.57) higher than that of specimen C. Since the load carrying capacity and deflection amount of the beams whose
reinforcement placement and concrete cover are not in accordance with the standards are high, the amount of energy consumption in
the load carrying capacity is also high.
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Figure 12. Graph of the amount of energy consumed in load carrying capacity.
4. Discussion and Conclusion
In this study, the effect of reinforcement placement and adherence due to concrete cover on the performance of reinforced concrete
beams was investigated. Three point loading tests were carried out on 8 1/2 scale beam specimens with different reinforcement

placement and concrete cover and the behaviour and performance of the beams were compared. As a result of the tests, the following
conclusions were reached.

e It has observed that the load-displacement slope in the linear elastic region increased in the beam specimens with reinforcement
placement and concrete cover prepared in accordance with the standards.
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e In specimens with inadequate reinforcement placement and concrete cover, beyond the vulnerability to fire and corrosion, the
deflection at the centre of the beam reached the usable deflection limit (L/240) earlier. In addition, it has observed that the cracks
in the beams would be earlier and wider when the reinforcement placement and concrete cover were not taken into consideration.

e Since the usable deflection limit was reached under higher loads in specimens with reinforcement placement and concrete cover
in accordance with the standards, it has observed that the amount of energy consumption was higher in this case.

e Since the load carrying capacity depends on the section properties and useful height independently of the adherence, it has observed
that the load carrying capacity was higher in cases where the concrete cover was less.

e When the load carrying capacity was reached, the least displacement occurred in the specimen where the reinforcement placement
and concrete cover were adjusted in accordance with the standards. The maximum displacement occurred in the specimen where
the reinforcement placement and concrete cover were not in accordance with the standards.

e It has observed that when the load carrying capacity was reached, the amount of energy consumption was also higher as more
displacement occurred if the reinforcement placement and concrete cover were not in accordance with the standards.

e In the case where the reinforcement placement was not in accordance with the standards, it was observed that the reinforcement
in the tensile zone peeled off under lower loads similar to the behaviour of plain reinforcement although it was ribbed.

e Earlier and larger crack formation was observed in beams where reinforcement placement and concrete cover did not comply with
the standards, whereas more numerous but capillary cracks were observed when the standards were complied with.

e The reinforcement placement and concrete cover in beams conforming to the standards enabled the beams to reach the usable
deflection limit at a point closer to the load carrying capacity. Although the amount of energy consumption in the case of non-
compliance with the standards was high, it was observed that most of this energy consumption was in the region after reaching the
usable deflection limit until reaching the load carrying capacity.

It will be complementary to this study to determine the unexpected behaviour and loss of performance of similar non-standard beams
against fire and corrosion.
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