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Abstract: Since reinforced concrete (RC) buildings have long service life, cutout openings are gener-
ally needed in their load-bearing walls as a sustainable solution in order to meet new requirements
of their users. However, the cutout openings decrease the load-bearing capacity of the walls, which
may result in the failure of the buildings. In this paper, we investigate the possibility of making
a door opening in a load-bearing RC wall of an existing building in Gévle in Sweden. The wall
studied in the current paper rests on two individual supports at its two ends; thus, it is considered
as a deep beam. However, it is called an examined wall (EW) here. The StruSoft FEM-Design
software is used in this study to model, analyze, and design the building based on the Eurocodes and
Swedish national annex. The potential need for the EW to be strengthened when the cutout opening
is made is also evaluated. It is concluded that strengthening the EW with cutout opening is needed.
Different strengthening solutions are proposed for the EW. Moreover, the situation of the EW with
the solutions is assessed with regard to the utilization ratio, deflection, and weight. Consequently, it
is demonstrated that the proposed strengthening solutions function well for the EW.

Keywords: reinforced concrete; wall; steel; deep beam; cutout opening; strengthening; utilization
ratio; weight

1. Introduction

Long service life of reinforced concrete (RC) buildings can mean the buildings are
still of good quality when the society has other demands on their use and configuration.
An alternative to demolishing these buildings is to renovate them. Renovation is a more
sustainable alternative to demolishing and building new, and it is sustainability that many
actors strive for in the today’s society. In some cases, a few changes are enough for the
buildings to be usable again; these can be, among other things, moving and tearing down
walls or making openings of various kinds. Sometimes, making openings is enough and
can be feasible for the walls. This implies that cutout openings must be created to meet the
needs of the society, as it is not sustainable to demolish and rebuild.

However, making a cutout opening in a load-bearing RC wall is not without problems.
When the reinforcements in the concrete of a load-bearing RC wall are cut and its concrete
volume is reduced due to the opening, the load-bearing capacity of the wall is decreased,
which means that cracks can occur and may result in the failure of the building’s structure.

When an opening is created in a wall subjected to loads, the wall will react differently
depending on how it is supported. For a wall that is supported at the top and bottom,
the bending takes place in one-way action (OW), as shown in Figure 1a. For a wall that is
supported on all four sides, the bending takes place in two-way action (TW), as illustrated
in Figure 1b [1,2]. In the OW, the wall usually bends according to a vertical curvature
occurred in the middle of the wall. The cracks that may form are shown as horizontal
lines approximately in the middle of the wall. This is also where the wall then fails. In the
TW, the wall bends after two curvatures occurred in the horizontal and vertical directions.
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The cracks in this case become small and form from the edges of the opening toward the
edges of the wall [3]. An experiment performed in [4] revealed that the axial capacity was
changed when the opening area was changed in walls with the OW and TW. By increasing
the length and width separately, the axial capacity of the walls was decreased. The most
critical effect was obtained by the increase of the width and length simultaneously.

Curvature

Cracks

Side support T
(a) OW with opening (b) TW with opening

Figure 1. Response of walls having opening with respect to boundary conditions.

To avoid the failure of the structure owing to the cutout opening in the wall, a detailed
study on the structure and accurate control calculations must be performed. After the
controls, it may turn out that the wall cannot withstand the loads due to the cutout opening
or the wall with the cutout opening can carry the loads. In the former case, it may also be
possible to find out that the wall can bear the loads if it is strengthened. In this case, the
opening is allowed to be made in the wall after it is clarified that the building’s function is
not endangered because of the opening.

If the clear span of a beam is less than four times its overall depth, it is classified
as a deep beam [5]. Considering the above-mentioned explanations regarding the need
of creating cutout openings in the load-bearing RC walls or deep beams, predicting the
performance of these main structural elements with the cutout openings is important [6].

The possibility of making an opening for a door in a load-bearing RC wall of an
existing building located in Gévle in Sweden is assessed in this paper. An opening with
the dimensions of 1.01 x 2.11 m was needed for an RC wall with the dimensions of
7.04 x 3.73 m of the building, which was a project of a consulting company (Byggkon-
struktoren AB, Gédvle, Sweden). The wall behaves like a beam since it has two individual
supports at its end edges, and with regard to the prementioned definition of deep beams,
the wall is a deep beam; however, it is called an examined wall (EW) in this paper.

Since creating openings in walls may make some changes in the stress distribution
within the walls, they can adversely influence the performance of the walls. The web
openings in RC beams can be classified as small and large openings [7]. There is a clear
delimitation between small and large openings. The opening could be considered small
if the ratio of the opening depth to the overall depth of the section were less than 25%.
Otherwise, the opening could be taken into account as large [8]. Although the effects
of small openings can often be neglected, the existence of large openings usually has
considerably negative effects on the structural system [8,9]. In the current research, since
this ratio is more than 25%, the opening is considered large, accordingly, the possibility
of degradation in the load-bearing capacity of the structure owing to the presence of the
opening is high.
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Several research investigations have been carried out on RC walls with open-
ings [1,3,4,8,10-14]. Some researchers have also evaluated strengthening methods of RC
walls with openings using composites [2,15-17]. Moreover, RC deep beams with openings
and with or without strengthening solutions have been examined [5,6,18-22], whereas an
RC deep beam with and without cutout opening of an existing building is studied in this
research work and various steel strengthening solutions are proposed for it as well.

This study is done by employing the StruSoft FEM-Design software. Modeling,
analysis, and design of the building were conducted using the software based on the
Eurocodes (ECO0) [23], 1 (EC1) [24], 2 (EC2) [25], and 3 (EC3) [26] as well as the Swedish
national annex (EKS10) [27]. The building is currently utilized as a school for grades 1-6.
The school is large with several buildings sitting together. This building is a part of the
school. The EW is controlled before and after creating the cutout opening. In addition, five
different strengthening solutions are proposed and applied to the EW with the opening.

2. Method

The research has been carried out using the StruSoft FEM-Design software (2019) as
one of the most used calculation programs for modeling, analysis, and design of simple
to complex structures. The method of utilizing this software works well to solve these
types of problems. The software takes how the building performs and how its different
structural elements behave and affect each other under the applied loads and many load
combinations into account. Accurate results can be accomplished by modeling the building
carefully and completely.

2.1. Reference Building

The building has one basement and three stories, one of which is the attic. The plans
of the building are displayed in Figures 2-5.
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Figure 2. Basement plan (unit: mm).



4 0f 24

Buildings 2021, 11, 370

040

0€zZE

04911
°
[¥a]
\
~
3 // osle || ovez
o~
i i
S6tl 794
2
£18¢

Figure 3. Plan of story 1 (unit: mm).
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Figure 4. Plan of story 2 (unit: mm).
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Figure 5. Plan of attic (unit: mm).

2.2. Modeling, Analysis, and Design of Building

Table 1 lists specifications of the building’s stories, which have been considered in the
modeling. The properties of the load-bearing elements of the building are summarized in
Table 2. The location of each load-bearing element of the modeled building is demonstrated
in Figures 6-10. Plan of the basement floor and walls is illustrated in Figure 6, in which
P1 is the RC slab and W1 & W2 are load-bearing RC walls. Figure 7 depicts the floor,
which is located under the EW. P2, IV1-IV7, YV1, and AV1 & AV2 are the RC slab, load-
bearing RC walls, brick wall, and steel headers and studs, respectively. Figure 8 clarifies
the floor, where the EW is located on axis V between axes 24 and 25 with the indicated
cutout opening. In this figure, P3, IV4 & IV5, IV8 & IV9 & YV1, B1, B2, and C2 & C3 are
the RC slab, load-bearing RC walls, brick walls, RC beam, steel beam, and steel columns,
respectively. The attic is the story above the EW, as displayed in Figure 9. P4, YV2, B3, B4 &
B5, B6, C4, C5, and AV3 are the RC slab, brick wall, steel beam, RC beams, timber beam,
steel column, timber column, and steel header, respectively. In Figure 10, all timber beams
along Y and X directions are B7 and B8, respectively, while all the timber boards between
the rafters are P5.

Table 1. Specifications of stories of building.

Story Height Including Floor (m)
Basement 2.37
Story 1 3.04
Story 2 3.73

Attic 3.6 (to ridge, roof angle 20°)




Buildings 2021, 11, 370 6 of 24
Table 2. Properties of elements of building.
Beam
Name Material Strength Class Type
Bl RC C25/30 250 x 890 mm
B2 Steel 5355 HEA180
B3 Steel 5355 HEB340
B4 RC C25/30 300 x 700 mm
B5 RC C25/30 400 x 950 mm
B6 Timber C24 58 x 120 mm
Column
Name Material Strength Class Type
C1 RC C25/30 250 x 215 mm
C2 Steel S355 VKR70 x 70 x 5
C3 Steel 5355 VKR100 x 100 x 8
C4 Steel 5355 VKR100 x 100 x 5
C5 Timber Cl14 45 x 120 mm
Header and Stud
Name Material Strength Class Type
AV1 Steel S355 HEA100 (Header)
HEA160 (Header),
AV2 Steel 5355 UPE160 (Stud x 2)
AV3 Steel S355 HEA100 (Header)
Slab
Name Material Strength Class Thickness (mm)
P1 RC C30/37 200
P2 RC C25/30 210
P3 RC C25/30 210
P4 RC C25/30 180
Wall
Name Material Strength Class Thickness (mm)
W1 RC C25/30 200
w2 RC C25/30 450
YV1 Brick *f =3.5MPa 380
YV2 Brick *f = 3.5 MPa 200
V1 RC C25/30 250
Iv2 RC C30/37 300
V3 RC C25/30 180
V4 RC C25/30 150
V5 RC C25/30 200
V6 RC C30/37 200
v7 RC C30/37 150
Vs Brick *f = 3.5 MPa 250
V9 Brick *fo = 3.5 MPa 380

* f: Characteristic compressive strength.
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Figure 6. Floor plan of basement with named load-bearing elements.
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Figure 7. Floor plan of story 1 with named load-bearing elements.
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Figure 9. Floor plan of attic with named load-bearing elements.
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Figure 10. Roof plan with named load-bearing elements (unit: m).

The software used beam, wall, and solid elements for modeling the beams, walls, and
slabs of the building, respectively. The material models of the concrete and reinforcement
are shown in Figures 11 and 12, respectively. In Figure 11, the stress—strain curve for
the concrete in compression is approximately linearly elastic up to about 40 percent of
the mean value of the cylinder compressive strength (fom). Then, the stress increases
gradually up to fon. Afterward, the curve descends into a softening region, and failure
occurs at the ultimate compressive strain (e.y1). However, the stress—strain curve for the
concrete in tension (Figure 11) is linearly elastic up to the tensile strength (f;). After that,
the concrete cracks and its strength reduces linearly to 0.01 [28-30]. The ultimate limit
states and the serviceability limit states have been applied. The ultimate limit states are
associated with the collapse or other similar forms of structural failure. They generally
correspond to the maximum load-bearing resistance of a structure or structural member.
However, the serviceability limit states correspond to conditions beyond which specified
service requirements for a structure or structural member are no longer met. For the
reinforcement in Figure 12, graph B with the horizontal line was considered for the ultimate
limit states and the same graph without safety factors was adopted for the serviceability
limit states [31].
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Figure 12. Stress—strain relation for reinforcement.
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Based on the EC2 [25] and EKS10 [27], characteristics of the concrete considered in
Figure 11 are given in Table 3.

Table 3. Characteristics of concrete in Figure 11.

Concrete Mean Value of Cylinder Tensile Streneth Secant Modulus of Compressive Ultimate
Streneth Class Compressive Strength, f, (MPa) gty Elasticity, Strainat Peak Stress, = Compressive Strain,
& fom (MPa) t Ecm (GPa) ec1 (%o) Ecut (o)
C25/30 33 1.8 31 2.1 3.5
C30/37 38 2 33 22 3.5
In Figure 12, properties of the reinforcement are indicated in Table 4 in accordance
with the EC2 [25] and EKS10 [27]. fy in the table is the characteristic tensile strength of the
reinforcement.
Table 4. Properties of reinforcement in Figure 12.
Characteristic Yield Design Yield Strength, K= fo/f Characteristic Strain at Design Strain at
Strength, fy, (MPa) fyqa (MPa) = Ttk yk Maximum Load, ¢, (%) Maximum Load, &,4 (%)
500 435 1.08 5 0.9¢uk

The point support was used for the support of the columns, which is a point-like
elastic support element with six degrees of freedom. The line support was utilized for the
support of the walls that is a spatial, line-aligned, elastic support element with six degrees
of freedom per node. This element is isoparametric and has three nodes in order to fit the
surface elements. The boundary conditions of the reinforced concrete and brick elements
were chosen as fixed, while those of the timber and steel elements were set to be hinged.
The supports of all the load-bearing walls in the basement were considered as fixed.

Loads for the building were self-weight, imposed, snow, and wind. Load groups
of permanent and temporary were assigned to the dead load and other loads of the
building, respectively. Every load group contained one or more of earlier defined load
cases. Depending on the EKS10 [27], different partial safety factors were defined. The
building was loaded with its different kinds of loads based on the ECO [23], EC1 [24], and
EKS10 [27]. Table 5 summarizes the loads. Snow load and reference wind speed were
considered according to the location of the building. The wind load was generated by the
software on the basis of the reference wind speed of 23 m/s and terrain type IIl and was
applied to the building. The program then automatically combined and calculated every
possible load combination to find the most unfavorable load position for the variable loads.
Load groups defined as permanent could be present in all the load combinations, and if
a load group contained more than one load case, they would never be simultaneously
present. Considering all the defined load groups, the load combinations were created in the
ultimate limit state and serviceability limit state. The loads of each story were transferred
to their lower story through secondary structural elements to primary elements depending
on their stiffness.

Table 5. Loads of building.

Type Considerations for Load
Self-weight of flooring on attic floor and floors 1 & 2 0.5 kN/m?
Imposed load of floors 1 and 2 2.5 kN/m?
Imposed load on attic floor 6 kN/m?
Snow load 2.5 kN/m?
Wind load 23 m/s (reference wind speed)

All the elements of the building such as beams, columns, walls, and floors were first
modeled in the software. Next, material properties and cross-sections of the modeled
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elements of the building were defined. Then, the prepared model of the building was
analyzed. All the load-bearing elements including steel, RC, and timber were designed
and checked so that they could handle the loads having utilization ratios below 100%. The
utilization ratio of each structural element is the ratio of the loads applied to the element to
its load-bearing capacity. The utilization ratio must be less than 100% for the element to be
able to carry the applied loads without failure.

In the software, the RC slabs (floors) were designed with respect to design moments
on the basis of design forces. The design forces are the forces that the reinforcements should
be designed for in the reinforcement’s directions. The necessary reinforcement calculations
were performed using the design forces. The way of calculating the design forces is common
in all modules and standards. In the software, the calculation of the design forces is based
on the mechanism of the optimal reinforcement calculation for skew reinforcements. In
order to minimize cracking in the slab, a good way is to reinforce according to the elastic
moments, which normally also leads to good reinforcement economy. The required bending
reinforcement was designed in accordance with the EC2 [25], where a rectangular stress
distribution has been assumed (Figure 13).

&ould
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Figure 13. Strain and stress distribution in RC.

In Figure 13, A, and n are:

A=0.8 for . < 50 MPa
A=0.8 — (fy — 50)/400 for 50 < fyc <90 MPa
and

n=1 for 4 < 50 MPa

n=1— (fy — 50)/200 for 50 < f4 < 90 MPa

The finally considered properties of the elements of the building based on the analysis
and design are listed in Table 2. The reinforcements of the RC slabs P1-P4 and load-bearing
RC walls IV1 & IV4 & IV6 & IV7 were obtained as $10@150. However, the reinforcements
of the load-bearing RC walls IV2 and IV3 & IV5 were achieved as $10@200 and ¢10@300,
respectively.

Figure 14 demonstrates the three-dimensional (3D) view of the modeled building.
Figure 15 illustrates the building with a section in axis V to elaborate how the area around
the EW looks like. The EW is marked with a red frame in the second story (under attic)
between axes 24 and 25 with the dimensions of 7.04 x 3.73 m.
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Figure 15. Building with section in axis V showing EW.

3. Results and Discussion

Once modeling of all the building’s elements was completely done, the analysis of
the building was carried out. Design of all the building’s elements was then conducted.
Finally, the results were taken as the outputs. This section presents and discusses the results
obtained from the analysis and design.

3.1. EW before and after Cutout Opening

From the result of the analysis, the utilization ratio of the EW before cutout opening
was obtained 97% and acceptable, while its contour configuration can be seen in Figure 16.
The yellow parts of the EW in Figure 16 reveal higher utilization ratios than its green parts.
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Figure 16. Utilization ratio of EW in contour before cutout opening.

An opening with the dimensions of 1.01 x 2.11 m was then created in the wall in
the second story (under attic) between axes 24 and 25 (Figure 17). The utilization ratio of
the wall was increased to 223% due to the cutout opening, which was larger than 100%
uncovering the incapability of the wall in withstanding the loads; therefore, the wall
needed to be strengthened. The increase of the utilization ratio was because of the fact that
reinforcements in the place of the opening were cut and discontinued from other parts of
the wall, also, the concrete was cut out and reduced in the wall where the opening was
made. These discontinuations of the reinforcements and concrete in the wall affected the
integrity of the wall in the opening. As a consequence, the remaining reinforcements and
concrete of the wall had to compensate for the tensile and compressive forces that the
removed part of the wall previously withstood. Figure 18 elaborates the utilization ratio
of the wall in contour after the cutout opening. The presence of the cutout opening in the
wall led to the disturbance in the uniform pattern of stresses. The discontinuities in the
stresses caused high stresses in the small region of the wall as stress concentration. The
deflections of the wall before and after creating the cutout opening were acceptable and
had a little difference.
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2.50 [1.01]
T 1

Figure 17. EW after cutout opening in second story (under attic) between axes 24 and 25 (unit: m).

Figure 18. Utilization ratio of EW in contour after cutout opening.

3.2. Proposed Strengthening Solutions for EW with Cutout Opening

Since the utilization ratio of the EW with the cutout opening was resulted larger
than 100%, different strengthening solutions were proposed and assessed for the EW to
investigate if the strengthened EW could carry the loads and function well. These proposed
strengthening solutions (PSSs) would also be feasible in reality, which are introduced
and discussed here. Table 6 describes the PSSs for the EW and summarizes the obtained
results as the utilization ratios of the EW with the PSSs and the weight of each added PSS.
Figures 19-28 display how different PSSs were employed for the EW. The deflections of
the EW with the cutout opening after adding each PSS were acceptable and close to each
other. Thus, the utilization ratio of the EW and added weight owing to each PSS could be
the determining factors for selecting the optimal PSS. The summarized results of Table 6
are also compared in Figure 29.
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Table 6. Summary of PSSs.

PSS

Description

Utilization Ratio (%)

Weight (kg)

U1l

The PSS (U1) consisted of five U200 columns (Figures 19 and 20). From these five
columns, four columns were placed on the side of the opening, two on one side of
the EW and two on the other side that are not visible in the figures. The fifth column
was located adjacent to the exterior wall, right side in the figures. All of these five
columns went up to the upper floor. This PSS was adopted with the view of
redistributing the load that could contribute to the risk of cracking in the areas of the
EW close to the opening.

81

472

U2

The PSS (U2) comprised four U200 columns on the sides of the opening and on both
sides of the EW, as well as two U200 beams that were placed below the attic floor
(Figures 21 and 22). The PSS was included to see how the beams above the opening
could affect the result.

81

449

U3

The PSS (U3) consisted of U200 columns. The columns were placed on each side of
the opening and both sides of the EW and they went up to the upper floor
(Figures 23 and 24). This PSS was as the same as U1, while U3 did not have the
column on the exterior wall. The reason for including these two similar PSSs (U1
and U3) was to observe how much the result would be affected by an additional
column on the exterior wall.

81

377

H1

The PSS (H1) was made up of two U200 beams, which were placed under the attic
(upper floor) and on both sides of the EW. Four U200 columns were also added on
each side of the opening and on both sides of the EW (Figures 25 and 26).

90

570

H2

The PSS (H2) was similar to H1, whereas H2 had a beam under the floor on level 2
(bottom floor) but not a beam under the attic floor (upper floor) as in H1. In H2, the
beam under the floor was a HEB400 and the columns at the opening were U200
(Figures 27 and 28). This PSS (H2) was considered to compare with H1 in order to
observe what the difference would be when the beam was placed under the upper
or bottom floor. The reason why H2 had a different beam’s dimension was because
the EW would result in an excessive utilization ratio if a smaller dimension of the
beam were utilized.

97

1305

| =

Figure 19. PSS (U1).
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Figure 20. Modeled PSS (U1).

Figure 21. PSS (U2).
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Figure 22. Modeled PSS (U2).
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Figure 23. PSS (U3).
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Figure 24. Modeled PSS (U3).

Figure 25. PSS (H1).
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Figure 26. Modeled PSS (H1).

Figure 27. PSS (H2).
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Figure 28. Modeled PSS (H2).
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Figure 29. Comparison of utilization ratios of EW having various PSSs and weight of PSSs.

Figure 29 clearly uncovers how the results of the EW with various PSSs are different.
As it was mentioned earlier, these PSSs were adopted for the EW because the presence of
the large opening in the wall caused a notable decrease in the load-bearing capacity of the
wall, i.e., led to the utilization ratio of the wall to be larger than 100% as 223%. The PSSs for
the EW with the opening enhanced the load-bearing capacity of the EW, i.e., decreased the
utilization ratio of the wall to be below 100%. The figure depicts that the utilization ratios
of the EW with all the PSSs were below 100% and acceptable. As it could be witnessed
from Figures 19-28 and Table 6, the PSSs were of varied design and weight of the steel,
because it was to evaluate how they affect the EW. H1 and H2 had larger weights than
other PSSs, whereas U3 possessed the lowest weight (377 kg). U1, U2, and U3 were the
PSSs with the lowest utilization ratio (81%), while H1 and H2 owned the highest utilization
ratios respectively as 90% and 97%. The same utilization ratio of U1, U2, and U3 revealed
that a beam under the upper (attic) floor in U2 or a column attached to the exterior wall
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in U1 had no significant effect from the utilization ratio viewpoint. However, U2 had less
weight than U1 but higher weight than U3. H1 and H2 were comparable, since the only
difference between them was that the beam was placed under the upper floor (attic) in
H1 and under the floor on level 2 (bottom floor) in H2, and also their beams had different
dimensions and profiles.

Since ventilation pipes and other piping of buildings are often placed under their
ceilings, the beams of the PSSs (H1 and H2), which were along the ceilings could entail
additional costs for piping. It should also be taken into account that the story height of the
bottom floor was affected with the beam of H2, which could lead to experiencing smaller
space of the room. These were the problems that constructing H1 and H2 in the building
might cause. However, H1 and H2 were considered because it might be easier to practically
apply the PSSs in these ways in some cases. The results for H1 and H2 implied that H1 had
lower utilization ratio than H2. This could be due to the point that H1 had the beam, which
was placed under the attic floor, meaning the load was distributed toward the side walls
and thus reduced the loads on the EW. Furthermore, H1 and H2 had greater utilization
ratios than the U-proposals. This could be because the U-proposals transferred the load
through the EW in a different way compared with the H-proposals, as the columns of
the H-proposals did not go all the way up to the attic floor, while the columns of the U-
proposals did. Generally, these PSSs helped the loads distribute on surrounding elements
of the opening, and thus reduced the load within the area of the opening, which led to the
successful pass of the loads around the opening.

Consequently, since the biggest difference between the PSSs was the weight of the
steel and the utilization ratio, these should be accounted for selecting the optimal PSS.
The lower utilization ratio means that the building could handle more loads; on the other
hand, the lighter PSS signifies less imposed load from the PSS to the building, which is
structurally favorable. Last, the steel production is a process that emits large quantities of
greenhouse gases and it can be great to conclude lighter PSS for sustainable construction.

Considering the aforementioned explanations, U3 is the optimal PSS, having low
utilization ratio and lowest weight as 81% and 377 kg, respectively.

Additionally, since the weight of the structure is a decisive factor for the building’s
foundation and soil, with the consideration of the reduced weight of the EW as about
1023 kg due to the opening and the added weight of the optimal PSS (U3) as 377 kg, it can
be concluded that no weight has finally been added to the building’s structure using the
PSS. Therefore, adding the PSS to the wall did not increase the stresses in the building’s
foundation and soil, which is absolutely favorable from the structural viewpoint.

4. Conclusions

Since a cutout opening was needed to be made in a load-bearing RC wall of an existing
building, which behaved as a deep beam, this paper assessed its possibility with different
conditions. This research was carried out using the StruSoft FEM-Design software in which
the building and its structural elements were modeled, analyzed, and designed following
the Eurocodes 0-3 and EKS10. When the opening was made in the EW, the utilization
ratio of the wall became 223%, which elaborated the need for strengthening the EW. Five
different strengthening solutions (U1, U2, U3, H1, and H2) were proposed for the EW with
the cutout opening. The EW with the PSSs was thereafter evaluated with regard to the
utilization ratio, deflection, and weight. The EW with the opening and using various PSSs
resulted in the utilization ratios of 81-97%, which were acceptable. Their deflection had a
small difference and thus did not influence the selection of the optimal solution. However,
the steel weights of the PSSs had large differences and were in the range of 377-1305 kg.
The finally selected PSS was U3 that had the lowest utilization ratio of 81% with Ul and U2
and lowest steel weight of 377 kg. The novelties of this research can be specified as (a) the
EW of the RC building in the current paper behaved like a deep beam, which was a special
case; (b) this research was a practical research, which was done on a real building; (c) the
five different PSSs of this paper were special proposals, which were examined from various
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structural perspectives including the utilization ratio, deflection, and weight; and (d) owing
to any practical reasons, if any presented PSSs of this study other than the optimal one are
preferred to be utilized in other practical projects, it can perfectly be possible as well. This
research work can be of interest to building constructors and consultants who might be
doubtful whether cutting out an opening in load-bearing RC walls would be possible. This
work can also be used as a guide in the design for practitioners making a cutout opening in
load-bearing RC walls and applying PSSs by utilizing the StruSoft FEM-Design software.
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