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Abstract: This study examined the bending and ductility capacities of reinforced concrete beams produced with the post-tensioning technique used to cross wide spans in 
structures. For this purpose, six beam specimens were produced. Two of these specimens (NB/1-2) were made of normal reinforced concrete and the other four were created 
by applying the post-tensioning technique. The steel post-tensioning tendons of two of these specimens (POSTTENST/1-2) were placed straight along the beam, and the 
other beam specimens (POSTTENP/1-2) were placed parabolically. Four-point bending tests were carried out on beam specimens. As a result of the experiments, it was 
determined that beams strengthened with straight and parabolic steel tendons could carry approximately 62% more load and behave approximately 65% more ductile than 
unstrengthened beams. In the study, finite element models of the beam specimens were created and analyzed using the Abaqus program. In the parametric analysis, it was 
determined that as the ratio of the beam specimen free span to the beam section height decreases, the shear stresses occurring in the beam section having parabolic 
tendons are lower than those of beams with straight tendons. This finding provides guidance to structural engineers in the preliminary design of structural systems. 
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1 INTRODUCTION 
 

As people began to live on earth, they were faced with 
the fact that they had to meet their basic needs such as 
eating, drinking, shelter, and protection. Human beings 
have built many structures such as shelters, warehouses, 
roads, water channels, bridges, and viaducts to meet these 
needs. While building these structures, they used natural 
building materials such as trees, stones, and soil, which 
they could easily find in their surroundings. Due to the 
inadequacies in the various strength and durability 
properties that these materials can provide, some 
restrictions (such as span, and height) have been made in 
the structures. With the development of technology, new 
materials have been constantly produced and existing 
materials have been improved to create stronger and more 
durable new building materials. Thanks to the physical and 
mechanical possibilities provided by developed materials 
(such as concrete, steel, and composite materials) and new 
construction techniques, building taller structures, bridges, 
and viaducts that cross wider spans has become possible. 

One of the construction techniques used when it comes 
to the construction of large-span bridges and viaducts is 
pre-stressed reinforced concrete structural systems. Pre-
stressing is the application of a force suitable for the 
desired purpose to the structural system before external 
loading. The origin of this construction technique dates 
back to ancient times. This technique has been used in 
many areas such as the manufacture of large wooden 
barrels that people use to store liquids and the construction 
of wooden wheels [1]. 

The spans that can be crossed with classical reinforced 
concrete beams are limited. As the span of the structural 
system increases, it is necessary to use reinforced concrete 
beams with larger cross-sections. Since concrete is a heavy 
building material, the growth of the sections causes the 
load, which we define as the useful load, to decrease. As a 
result, it is necessary to enlarge the cross-sections of the 
structural system in order to carry the payloads foreseen in 
the projects. As a result of the load affecting the structural 
systems and the resulting cycle of providing sufficient 
cross-section, we inevitably encounter heavy load-bearing 

systems. For this reason, the technique of carrying 
payloads with smaller cross-section beams has been the 
subject of constant research. 

Pre-stressed reinforced concrete systems are divided 
into two parts: pre-tensioned systems and post-tensioned 
systems, according to the order of application of the 
tensioning process. In pre-tensioned systems, the 
tensioning of the tendons is done before the concrete is 
poured, and after the concrete reaches sufficient strength, 
the tendons are cut and the applied tension is transferred to 
the reinforced concrete structural system. Therefore, it is 
not possible to give a tendon form other than the straight 
tendon form in these systems. In post-tensioning systems, 
tendon sheaths are placed in the molds before the concrete 
is poured. After the concrete is poured, the steel tendons 
are passed through the sheaths, and the tensioning process 
is applied. For this reason, since the tensioning process is 
done later in post-tensioning systems, it is possible to give 
different tendon forms other than the straight tendon form 
(such as parabola, or triangle) [2-4]. 

After the pre-tensioning tendons are tightened and the 
load is transferred to the concrete, tension losses occur as 
the tendons loosen. Pre-stressing losses are evaluated in 
two parts: short-term and long-term losses. Short-term 
losses (anchor losses, elastic shortening, and friction 
losses) occur during load transfer to the tendons.            
Long-term losses occur from the rheological properties of 
concrete (creep and shrinkage). It is difficult to determine 
long-term losses and is only possible with long-term 
experimental studies [5]. 

By using pre-stressed structural systems, it is possible 
to cross large spans with reinforced concrete structural 
systems with smaller cross-sections. Observing and 
examining the long-term behaviour of structures is 
extremely important in terms of developing designs and 
reducing damages [6-10]. Since the cracks that form under 
service loads in these structural systems close after the load 
is removed, leakage and corrosion problems occur less than 
in normal reinforced concrete systems. This extends the 
service life of pre-stressed structural systems. Since 
pressure is applied to the sections with a tensioning system 
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during pre-tensioning, higher-strength concrete must be 
used compared to normal reinforced concrete systems. 

Many numerical models have been presented to 
simulate the mechanical behavior of various structure 
members [11-17]. These numerical models mostly employ 
the finite difference method (FDM) or finite element 
method (FEM) for analysis [18-19]. In addition, the 
structural behavior of reinforced concrete structural 
elements such as beams and columns or the strengthening 
of damaged reinforced concrete members can be analyzed 
with FEM [20-24]. 

Within the scope of this study, first of all, six test 
specimens with a total dimension of 200 × 300 × 4400 mm 
were produced, two of which (NB/1-2) were made of 
normal reinforced concrete and the other four 
(POSTTENST/1-2, POSTTENP/1-2) were produced using 
the post-tensioning technique. In the (POSTTENST/1-2) 
specimens, the sheath through which the post-tensioning 
tendon will pass was placed straight, and in the 
(POSTTENP/1-2) specimens, the sheath was placed 
parabola, in line with the beam length section before the 
concrete was poured. The specimens were cured in the 
laboratory, covered and kept moist, for 28 days. After the 
specimens reached sufficient strength, the post-tensioning 
tendon was passed through the sheaths in straight form to 
the (POSTTENST/1-2) specimens, and the post-tensioning 
tendon was passed through the sheaths in parabola form to 
the (POSTTENP/1-2) specimens. Anchor elements were 
placed at the tendon ends of the post-tensioned specimens 
and post-tensioning force was applied with the hydraulic 
piston. A four-point bending test was performed on the 
specimens. During the experiment, the load applied to the 
specimens and the displacements in the middle of the beam 
were measured and recorded. Additionally, the specimens 
were observed and the cracks formed on the beam and the 
crack formation loads were written. After the experiments 
were completed, the data obtained were evaluated and the 
results were interpreted. 

The study is important in that it highlights the superior 
aspects of bending and ductility capacities of structural 
systems strengthened with the post-tensioning technique 
compared to unstrengthened (normal) reinforced concrete 
structural systems. As a result of the experiments, it was 
determined that beams strengthened with straight and 
parabolic steel tendons could carry approximately 62% 
more load and behave approximately 65% more ductile 
than unstrengthened beams. The test specimen was 
modelled by the non-linear finite element method and 
compared with the experimental test results. The 
parametric analysis showed that the parabola tendon form 
is more effective in reducing the shear stresses occurring in 
the sections compared to the straight tendon form, as the 
ratio of the beam free span to the beam height (l/h) 
decreases. This situation is extremely important in terms of 
guiding engineers in the preliminary design of structural 
systems to be produced with the post-tensioning technique. 
 
2 MATERIALS AND METHOD 
2.1 Material Properties 
 

In order to examine the effects of the geometric form 
of the post-tensioning tendon on the bending capacity, 
ductility capacity, and failure modes of the beam, six 

simply supported reinforced concrete beams were tested in 
the Structural and Earthquake Engineering Research 
Laboratory of Harran University Faculty of Engineering. 
The materials and their amounts used in the concrete 
mixture are shown in Tab. 1. 
 

Table 1 Properties of concrete mixture 
Cement / 

kN/m3 
Water / 
kN/m3 

Water/ 
Cement 

Chemical 
Additive 
/ kN/m3 

River sand 
/ kN/m3 

Basalt 
/ 

kN/m3 

4 1.64 0.41 0.08 4.25 15.1 

 
In the production of all test specimens, Portland CEM 

I 52.5 N type cement, river sand, and basalt aggregate with 
the largest grain diameter of 16 mm were used according 
to TS EN 197-1 [25] standard. C55/67 concrete was used 
to produce the beams. The average cube                       
(150 × 150 × 150 mm) compressive strength of the 
concrete used was determined to be 67 MPa in accordance 
with the TS EN 12390-3 [26] standard. The cross sections 
of all beams used in the experiments are 200 × 300 mm and 
their span is 4400 mm long. 
 

Table 2 Properties of post-tensioning tendon 
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Post-tensioning tendons are made of high-strength, 

low-relaxation multi-strand steel. The properties of the 
tendon are shown in Tab. 2. In the test specimen beams, in 
accordance with the TS 500 [27] standard, 12 mm diameter 
B420C ribbed rebar was placed as longitudinal 
reinforcement and 8 mm diameter shear reinforcement 
made of the same rebar was placed at a distance of 150 mm 
along the entire beam. The design parameters of the beams 
are summarized in Tab. 3. 
 

Table 3 Design parameters of beams 

Beams 

Tendon 
diameter

/ 
mm 

Tendon 
Layout 

Rebar 
ratio / 

% 

Stirrup 
 

Post-
tensioning 

force 
/ kN 

NB/1-2 - - 0.94 Ф8/150 - 
POSTTENST/1

-2 
1Ф15.24 Straight 0.94 Ф8/150 106 

POSTTENP/1-
2 

1Ф15.24 Parabolic 0.94 Ф8/150 106 

 
Within the scope of the research, post-tensioned 

reinforced concrete beams were produced in accordance 
with the TS 3233 [28] standard. The effect of the steel 
tendon forms placed on these beams to apply                       
post-tensioning on the bending and ductility capacities of 
the beams was investigated. Straight and parabola tendon 
forms, which are most commonly used in practice, were 
compared with each other in terms of the bending and 
ductility capacity of the beams and the largest displacement 
amounts occurring in the middle of the beam. For this 
purpose, six beam specimens with dimensions of 
200x300x4400 mm were produced in the study. Among 
these beam specimens, NB/1 and NB/2 were produced as 
normal reinforced concrete beams, and the other four beam 
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specimens were produced by stretching the tendons placed 
in the beam section with the post-tensioning method. The 
descriptions of the specimens in the photographs are 
written in Turkish (NK/1-2, ARDGD/1-2, and               
ARDGP/1-2). In the production technique of post-
tensioned beams, after the reinforced concrete 
reinforcements are placed in the beam formwork, sheaths 
are placed in the position where the post-tensioning 
tendons will be passed. After the concrete pouring was 
completed and sufficient strength was reached, the post-
tensioning tendons were passed through the sheaths, and 
the production process was completed by applying tension 
to the tendons. Among these beam specimens, in the 
research, POSTTENST/1 and POSTTENST/2 beams were 
created with straight tendon form, and POSTTENP/1 and 
POSTTENP/2 beams shown in Fig. 1 were created with 
parabola tendon form. 
 

 
Figure 1 (a) Beam longitudinal section, (b) beam cross-section and 

reinforcement details (dimensions are given in mm) 
 
2.2 Experimental Program and Testing Stages 
 

A four-point bending test was performed on all test 
specimens. In this experimental setup, the specimen is 
contacted from four points as shown in Fig. 2. Two of these 
points are located in the support area, while the other two 
are in the area where the load is applied. In experiments 
carried out in this way, only a constant bending moment 
occurs in the region between the loads applied to the 
specimens, and no shear force occurs. In this way, it is 
possible to clearly examine the cracks where a constant 
bending moment occurs in a wide area where loads are 
applied [29]. 

The load applied to the simply supported beam and 
1400 mm long rigid steel beam placed on the test specimen 
was distributed equally on the specimen as two single 
loads. The experiments were carried out with displacement 
control by loading the specimens with a loading speed of 
1.2 mm/min through a hydraulic actuator until all the 
specimens collapsed. Linear Voltage Differential 
Transformers (LVDT) were placed under the beams in the 
middle of the span in order to measure the amount of 
displacement occurring there. The experimental setup is 
shown in Fig. 3. The displacement in the middle of the span 
and the applied load during the test were automatically 
recorded in the computer system through the data 
acquisition unit. Tests of normal beam the (NB) and                  
post-tensioned (POSTENST, POSTENP) beams were 
continued until the displacement in the middle of the span 
exceeded 40 mm and the experiments lasted approximately 

35 minutes. The crack directions formed during the test 
were marked on the beam and the load values were written 
gradually. Marking operations were completed before the 
load applied to the beam was removed. 
 

 
Figure 2 Schematic view of four-point bending test setup (dimensions are in 

mm) 
 

 
Figure 3 Test specimen and four-point bending test setup 

 
3 ANALYSIS AND RESULTS 
3.1 Failure Mechanism 
 

During the loading process, the occurrence and 
development of cracks were monitored in all test 
specimens. As stated above the paths of the cracks were 
marked on the beam surfaces and the occurred loads were 
written. Schematic drawings of the typical cracking 
patterns of control (NB) and post-tensioned beam 
specimens (POSTTENST-POSTTENP) having 
geometrically different tendons are shown in Fig. 4, Fig. 5, 
and Fig. 6.  

In all beams, the first flexural cracks were observed at 
the midspan of specimens on the tension side of the 
constant moment region. When the load increased the 
cracks developed along the constant moment region. The 
shear cracks formed in the shear span for post-tensioned 
beam specimens having straight tendons while this type of 
cracks did not occur in the post-tensioned beams with the 
parabolic tendon (POSTTENP/1, POSTTENP/2) due to its 
geometrical shape. Because the parabolic tendon was 
detailed as diagonal in the shear span. In all beam 
specimens, failure occurred at the maximum load. After 
failure, the beams carried practically no load. Cracks 
consisted of vertical flexural cracks in the pure bending 
region regardless of tendon shape as well as NB specimens. 
Furthermore, cracks outside the constant moment region 
progressed as flexural cracks at the lower load grade 
compared to the cracks that occurred at pure bending 
region but converted into inclined shear cracks at higher 
load levels in all beams except for (POSTTENP/1, 
POSTTENP/2) specimens having parabolic tendon. 
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Figure 4 Shear and bending cracks (a) NB/1, (b) NB/2  

 

 
Figure 5 Flexural and shear cracks of straight post-tensioned beam 

(a) POSTETNST/1, (b) POSTENST/2 
 

In addition to all these, many cracks with smaller 
widths were observed on the post-tensioned beam 
specimens having straight/parabolic tendons compared to 
normal beam specimens. Also, the post-tensioned 
reinforced concrete beams having parabolic tendons had 
more cracks than those having straight tendons (Fig. 5a, 
Fig. 5b and Fig. 6a, Fig. 6b). On the other hand, the failure 
of the post-tensioned specimens having straight/parabolic 
tendons was gradual and in a ductile manner, especially for 
the parabolic tendon reinforced concrete beam specimens. 
This condition may be attributed to a great number of 
cracks on the tension side of these specimens under 
flexural loading. 

 
Figure 6 Flexural and shear cracks of parabolic post-tensioned beam 

(a) POSTTENP/1, (b) POSTTENP/2 
 
3.2 Load Displacement Behaviour of Beam Specimen 
 

The load-displacement graphs of reinforced concrete 
NBs and POSTTEN beams were compared with each 
other, and the load-displacement curves are shown in            
Fig. 7. For NB specimens, it was observed that the first 
crack started to form around 13 kN. In                       
POSTTENST-POSTTENP specimens, the first crack 
formation occurred around a load of 36 kN. It was observed 
that the initial crack load in post-tensioned specimens was 
greater than that of NBs (approximately 2.7 times). The 
fact that the initial stiffness of POSTTEN specimens is 
higher than that of NB specimens in the behaviour until the 
formation of the first crack shows that the beams will 
deflect less and fatigue is less under the effect of service 
loads. This also means that the useful life of POSTTEN 
specimens will be longer. 
 

 
Figure 7 Load-deflection curves of beam specimens 

 
It is clearly seen from examining Fig. 7 that the 

collapse loads corresponding to the mid-span deflections 
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of the non-post-tensioned NB specimens are smaller than 
the collapse loads of all the post-tensioned specimens. This 
is an expected and normal result. While the collapse loads 
of all POSTTENST and POSTTENP specimens were 
between 95 kN and 98 kN, as shown in Fig. 8, the collapse 
loads of NBs were between 55 kN and 65 kN. It was 
determined that post-tensioned                                    
(POSTTENST-POSTTENP) specimens carried 
approximately 62% more load than normal beam (NB) 
specimens. 
 

 
Figure 8 Load carrying capacity of the specimens 

 
Table 4 Bending test results of the specimens 

Specimen 
Group 

Specimen 
Name 

Ultimate 
Load 
/ kN 

Energy 
dissipation 

capacity 
/ kNmm 

Increasing 
rate of 
energy 

dissipation 
capacity / 

% 

NB 
NB/1 62.1 1760 

- 
NB/2 57.2 1440 

POSTTENS
T 

POSTTENST 
/1 

97.6 2560 
65 

POSTTENST 
/2 

96.4 2730 

POSTTENP 
POSTTENP/1 95.2 2690 

64 
POSTTENP/2 97.3 2545 

 
The energy dissipation ability of building elements 

under applied loads is described as ductility. The ductility 
of a structure is directly related to the ductility of its 
constituent structural members. Therefore, obtaining 
ductile structures, which are extremely important in terms 
of earthquake behaviour, is only possible by creating 
ductile structural members. Since ductile structures have 
the ability to make large displacements before collapsing, 
they inform us before the structure collapses. This situation 
is extremely important in reducing the loss of life. 
 

 
Figure 9 Energy dissipation capacities of the specimens 

 

The energy dissipation capacities of the specimens 
were determined by calculating the total areas under the 
load-deflection curves. After calculating the areas between 
two consecutive deflection points, they were added 
together to determine the total area between the load-
deflection curves. The energy capacities of the specimens 
and their comparison with each other based on NB 
specimens are shown in Tab. 4 and Fig. 9. It has been 
determined that post-tensioned POSTTENST-POSTTENP 
specimens absorb approximately 65% more energy than 
NB specimens. 
 
3.3 Finite Element Models and Comparing with the 

Experimental Result 
 

In this section, the load-deflection curves obtained 
from the test specimens are compared with the analysis 
results obtained from the finite element models of the 
specimens. The analysis of the test specimens was 
modelled with the nonlinear finite element method using 
the Abaqus/CAE program [30]. Modelling C3D8R (8-node 
linear single element) finite element was chosen because it 
is a suitable element type for the examination and 
evaluation of cracks [31-32]. The mesh element size that 
would provide sufficient accuracy in the analysis was 
determined as 50 mm, considering the computer capacity. 
In modelling, the "concrete damage plasticity model" was 
adopted for concrete, and the two-dimensional "Truss" 
element model was adopted for reinforcement and tendon. 
The CDP model is frequently used in nonlinear material 
definition research [33-34]. A finite element interaction 
was created by creating contact connection elements 
between concrete and reinforcement. Tension losses in the 
post-tensioning tendon were neglected in the analysis. 

The modelling was based on the four-point bending 
test, as shown in Fig. 10, as in the experimental setup. 
Boundary conditions and locations of loading points were 
chosen to be the same as in the experimental study. The 
analyses were carried out in a displacement-controlled 
manner, by applying the load to the specimens as two 
singular forces at 1/3 of the free span of the beam. The 
stress distribution of the NB/1 specimen is shown in         
Fig. 11 as an example. It is noteworthy that shear stresses 
are concentrated in the region close to the support area. 
 

 
Figure 10 Finite element models: a) Details of the test specimen, b) finite 

element mesh, c) normal beam specimen, d) straight tendon post-tensioning 
specimen, e) parabola tendon post-tensioning specimen 
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Figure 11 Shear stress distribution in the finite element model of beam NB/1 

 
The experimental results obtained from the specimens 

and the finite element method results were compared with 
each other. Load-deflection graphs of the results of the 
experiments and analytical investigation are shown in      
Fig. 12. 

The average results of the experimental test specimens 
and the energy dissipation capacities and ultimate load 
obtained from the finite element analysis results are given 
in Tab. 5. 
 
 

Table 5 Experimental test and finite element analysis results for specimens 
 NB POSTTENST POSTTENP 

Ultimate 
load 
/ kN 

Experimental 59.64 96.97 96.21 

Finite element 58.12 94.64 97.11 

Energy 
dissipation 
capacity / 

kNmm 

Experimental 1603 2644 2618 

Finite element 1734 2342 2303 

 
It was observed that there was a difference of 

approximately 2% between the test results and the finite 
element analysis results in the load-carrying capacities and 
approximately 8% in the energy dissipation capacities. It is 
understood that these values are in good agreement with 
the experimental results and the finite element analysis 
results. When the results obtained are evaluated, they show 
the meticulousness shown in the design of the experimental 
setup, the measurements made, and the preparation of the 
specimens. 

 

 

 
Figure 12 Comparison of experimental tests with finite element analysis results: a) normal beam specimens, b) flat tendon post-tensioning specimens, c) parabola tendon 

post-tensioning specimens 
 
3.4 Parametric Analysis 
 

The shear strength of pre-stressed reinforced concrete 
sections is much higher than normal reinforced concrete 
sections. The main reasons for this can be stated as the high 
quality of the concrete, the increase in friction due to the 
pre-stressing force, and the reduction of shear forces 
caused by vertical loads by the forces in the opposite 
direction. The decrease in shear forces in the load-bearing 
system shows its effect in the form of a decrease in the 
shear stresses occurring in the sections. In this section, it is 

investigated how this effect is affected by the change in the 
ratio of the beam free span (l) to the beam cross-section 
height (h). It has been investigated at which values of the 
l/h ratio the parabolic tendon geometric form can provide a 
significant advantage compared to the straight tendon form 
in terms of reducing the maximum shear stress. For this 
purpose, three different rectangular cross-section beams 
with l/h ratios of 12.66, 14, and 16 were modelled using the 
Abaqus/CAE program, keeping the same material 
properties used in the experimental part.  

 
Table 6 Maximum shear stresses of the models 

Model name 
Clear span (l) 

/ m 
Width (bw) 

/ mm 
Height (h) 

/ mm 
l/h 

Post-tensioning 
force 
/ kN 

Max. shear stress (τmax.) 
/ MPa 

Variation between 
tendon layout / % 

Tendon form - - - - - Parabolic Straight 
Model 1 9.5 500 750 12.66 980 6.04 12.86 53 
Model 2 4.2 200 300 14 106 14.92 16.56 10 
Model 3 24 800 1500 16 3700 12.71 13.96 9 

 
In creating and analysing the models, attention was 

paid to the issues explained in Chapter 3.3. In all parabola 
and straight tendon form beams, the dead load (g) was 

taken as 32 kN/m, and the live load (q) was taken as         
23.5 kN/m. The largest shear stresses occurring in the 
beams under the influence of these loads and the change 
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values in these stresses are compared in Tab. 6.It is 
understood that as the ratio of the beam free span to the 
beam height (l/h) decreases, the maximum shear stresses 
occurring in the sections of the parabolic tendon form 
decrease compared to the straight tendon form. This will 
be useful to structural engineers in the preliminary design 
of structural systems in the form of parabola tendons to be 
produced with the post-tensioning technique. 
 
4 CONCLUSIONS 
 

To examine the effect of tendon geometry on the 
bending capacity of beams in carrier systems produced 
with the post-tensioning technique, six reinforced concrete 
beams with cross-sectional dimensions of 200 × 300 mm 
and a length of 4400 mm were produced. Displacement-
controlled loading was performed on the beams with a 
four-point loading test and the displacement in the middle 
of the span was measured. The cracks that occurred on the 
specimen during the experiment were drawn and the load 
values at the time the crack occurred were written on the 
specimens. The results obtained from the evaluation of the 
test results are summarized below. 

Considering the displacements in the middle of the 
beam, the unstrengthened normal beams (NB/1 and NB/2), 
beams with straight tendons (POSTTENST/1 and 
POSTTENST/2), and beams with parabolic tendons 
(POSTTENP/1 and POSTTENP/2) of the twin beam 
specimens cast in short time intervals, each pair collapsed 
at a force level close to each other. This is largely the result 
of the small beam heights and is also an indication of the 
care and meticulousness shown in the production of the 
specimens. 

The specimens to which the post-tensioning technique 
was applied (POSTTENST/1, POSTTENST/2 and 
POSTTENP/1, POSTTENP/2) exhibited very similar 
behaviour to each other. Shear cracks occurred less in beam 
specimens produced with parabolic tendon form 
(POSTTENP/1and POSTTENP/2) than in beam specimens 
produced with straight tendon form (POSTTENST/1 and 
POSTTENST/2). This situation shows the contribution of 
the parabola tendon form in reducing the shear stresses in 
the beam. 

Post-tensioned specimens carried approximately 62% 
more load and absorbed 65% more energy than normal 
reinforced concrete specimens. This situation has once 
again shown that it is possible to cross larger spans with 
smaller reinforced concrete sections using the                    
post-tensioning technique. In addition, in countries at risk 
of earthquakes, this ratio is extremely important in 
reducing structural damage and loss of life caused by 
earthquakes. 

At the end of the experimental test, it was determined 
that after the load on the specimens was removed, the rate 
of closure of cracks in the post-tensioned specimens was 
higher and faster than in normal reinforced concrete 
specimens. This will reduce the contact of the structural 
system with the external environment more quickly and 
will result in less corrosion in the reinforcement. Thus, the 
service life of the structural systems will be increased. 

In the study, the specimens were also modelled and 
analyzed by the ABAQUS finite element method. The 
study is limited to three finite element models with 

different dimensions. It has been observed that the results 
obtained are in great consistency with the experimental 
results. 

The parabola-shaped tendon form used in post-
tensioned beams reduces the shear forces in the system 
thanks to the counter-load effect created in the opposite 
direction to the external loads. Reducing the shear forces 
in the beam will ensure that the shear stresses in the 
sections remain at lower levels. In the parametric analysis, 
it was seen that this effect increased as the l/h ratio 
decreased. These results guide structural engineers in the 
preliminary design of post-tensioned beams. The fact that 
the parabolic tendon form reduces shear stresses will allow 
sections to be created using less shear reinforcement. This 
will create an advantage in terms of labour and economic 
production. It is thought that the results obtained in this 
research study will be useful in determining the specimen 
sizes in future post-tensioned beam test studies. 
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