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Bu c¢alismada, 6ncelikle literatiirde yer alan giiglendirme yontemleri genel olarak incelenmis ve
servis Omrii boyunca kolon ve kiriglerinde sismik kaynakli yapisal hasarlar olusmus bir betonarme
binanin hasar tespiti yapilmistir. Betonarme yapinin tiim kolonlarina ve hasarli kirislerine yeni bir
betonarme tabaka cklenerek ve buna ilave olarak yapiya ek betonarme perdeler yerlestirilerek
uygulanan giiclendirme islemi niimerik olarak degerlendirilmistir. Hasar tespiti asamasinda,
betonarme kolonlarin neredeyse tamaminin ve kesme-egilme ¢atlaklarinin bulundugu betonarme
kirislerin tasima kapasitelerinin Tiirkiye Bina Deprem Yo6netmeligi-2018 (TBDY-2018)’e gore
yetersiz oldugu tespit edilmistir. Uygulanan giiclendirme isleminden sonra, kolonlarin etkilesim
diyagramlar1 ve Kkirislerin moment-egrilik iliskileri giiclendirme Oncesi durum ile
karsilastirilmstir. Kargilagtirma sonrasinda kolonlarin eksenel yiik tasima kapasitesinde %300,
moment tagima kapasitesinde %666, kirislerin moment tagima kapasitesinde ise %485 artis oldugu
tespit edilmistir. Bunlarin yam sira, gliclendirme isleminden sonra yapinin ilk iic moduna ait
periyotlarda olusan diisiise bagh olarak yapiya etki eden yatay ve diisey deprem ivmelerinin
degerleri sirasiyla %294 ve %400 oraninda artig gdstermistir. Niimerik ¢aligmalar SAP2000 sonlu
elemanlar programi ile gergeklestirilmistir. Niimerik ¢alisma sirasinda, betonarme kolon ve
kirislere yeni bir betonarme tabaka eklenmesi literatiirde kullanimi oldukga kisitli olan SAP2000-
Section Designer kullanilarak gerceklestirilmistir. Elde edilen sonuglara gore hasarli betonarme
bir binada bulunan kolon ve kiriglere yeni bir betonarme tabaka eklenerek ve yapiya betonarme
perdeler yerlestirilerek yapmin sismik davraniginin iyilestirilecegi niimerik olarak ortaya
koyulmustur.
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In this study, strengthening methods of the structures mentioned in the literature were examined
in general sense and an existing reinforced concrete building that has been damaged from its
columns and beams in previous earthquakes during service life was investigated numerically by
determining the damage status. Then, strengthening was applied by adding a new reinforced
concrete layer to all columns and damaged beams followed by placing additional reinforced
concrete shear walls to the structural layout. Finally, finite element analysis of the rehabilitated
building was carried out and the numerical results were compared with the initial state. At the
stage of damage assessment, it has been determined that the load-bearing capacities of almost all
reinforced concrete beams with flexural-shear cracks and reinforced concrete columns were
insufficient according to Turkey Building Earthquake Code-2018 (TEC-2018). Once the
strengthening was applied, the new interaction diagrams of the columns and the moment-curvature
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relations of the beams were compared with the un-strengthened state. It was determined that there
was an increase of 300% in the axial load-carrying capacity and 666% in the moment-carrying
capacity of the columns, and 485% in the moment carrying capacity of the beams. In addition, the
values of horizontal and vertical earthquake accelerations affecting the structure increased by
294% and 400%, respectively, due to the decrease in the periods of the first three modes of the
building. Numerical studies were carried out with SAP2000 finite element program. In the
numerical study, adding a new reinforced concrete layer to the reinforced concrete columns and
beams was implemented using the SAP2000-Section Designer which has quite limited usage in
the literature. According to the results obtained, it has been numerically revealed that the seismic
performance of the damaged structure can be improved by adding new reinforced concrete layers
to the existing columns and beams and placing reinforced concrete shear walls to the building.

https://dx.doi.org/10.30855/gmbd.2021.03.11

1. INTRODUCTION (Giris)

The main purpose of strengthening methods is to
ensure sustainability and cost efficiency. In this
context, researchers have tended to use structural
materials with advanced technological properties over
time. Firstly, reinforced concrete structural elements
were jacketed with an additional cross-section created
by using concrete and steel reinforcement with higher
strength than the material strength in the existing
structure, thereby, the load-bearing capacity of the
structure was tried to be increased [1-6]. Although
desired results were obtained in terms of bearing
capacity, the challenges encountered in the process of
jacketing (difficulties faced with in formwork,
reinforcement and concrete application, inability to
use the structure while strengthening, deterioration of
the architecture of the structure, etc.) diminished the
interest on this technique. Instead, strengthening the
structural components with steel members against
shear and bending forces has come to the forefront [7-
11]. In this strengthening technique, however, risks
caused by lack of qualified workers, adverse
environmental effects such as fire or corrosion, or cost
and architectural concerns were encountered. For the
last 20 years, fiber reinforced polymer (FRP)
strengthening method has been widely used and many
structures have been strengthened with FRP instead of
these strengthening techniques previously mentioned.
Besides, many scientific studies have been carried out
on this strengthening technique and FRP has become
one of the most preferred materials in the studies on
repair and strengthening of damaged reinforced
concrete structures [12-26].

In most of the studies, an organic epoxy material
was used to form a cohesive zone between the FRP
and the surface on which FRP was applied. However,
a number of deficiencies that need to be addressed in
this strengthening technique such as (a) poor
resistance against fire [27], (b) non-applicability on
wet or damp surfaces [28], (c) lack of ability to replace
the coating layer [29] (d) classification as a hazardous
material during disposal, (e) high cost of FRP

techniques [29], (f) poor vapor permeability and the
use of organic resins that damage the concrete [27].
Considering these disadvantages, the spread of the
textile reinforced mortar layer (TRM) with scientific
research has been accepted as a remarkable progress
in the field of structural strengthening [28, 29] . TRM,
which is also known as TRC, FRCM in English and
TGSK in Turkish, is a composite building material
formed by a cement-based inorganic mortar together
with textiles obtained from different materials (such
as steel, carbon, basalt, glass). Textiles used as
reinforcement of composite material typically consist
of perpendicular (bidirectional) fibers. Considering
that the mortar is produced and applied by
conventional methods, TRM has many advantages
over fiber-reinforced polymers (a widely used, epoxy-
based composite material). The main advantages of
TRM strengthening method can be listed as (a) low
cost, (b) resistance to high temperatures, (c) applicable
to concrete, reinforced concrete and masonry
construction surfaces, (d) applicable to wet surfaces,
(e) low heat permeability, and (f) high load-bearing
capacity.

Despite the fact that the jacketing method is one of
the oldest strengthening methods in the literature and
has some disadvantages, it is still a preferred due to its
remarkable affect on the load-bearing capacity of the
structural members, the availability of the qualified
workers and the ease of material supply, as well [30,
31]. Researchers have used advanced, technological
and innovative programs and tools in the design and
analysis of engineering structures [32-39] When the
literature is examined, no study has been carried out
on the structures by adding a new reinforced concrete
layer to the load-bearing members of the reinforced
concrete structures with the SAP2000 finite element
program. Within the scope of this study, the analysis
of a reinforced concrete building whose surveying was
done, crack distribution in the load-bearing members
was detected and concrete properties were determined
with the samples taken, was performed with the
SAP2000 finite element program. Considering the
numerical results, a new reinforced concrete layer was
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added to the existing columns and beams, and
reinforced concrete walls were placed on the load-
bearing system which has no reinforced concrete walls
in order to improve the behavior of the structure.

2. CASE STUDY (VAKA CALISMASI)

The storey formwork plan of the building (Table 1)
is given in Figure 1, and the vertical section A-A in
this plan is shown in Figure 2. In the storey formwork
plan, the axis spacing was measured as 4.30 m. The
information and patterns of the cracks in the building
are presented in Table 2. It has been determined that
the cracks in the storeys were capillary sized.
However, the cracks in the columns and beams were
measured to be in the range of 1-2 mm. Flexural and
shear cracks were observed in some of the beams
while shear cracks were observed in the joints in the
columns. The dimensions of the columns, beams and
storeys in the building and the details of the
reinforcement steel are given in Table 3.

Table 1. Details of RC structure

(Betonarme yapinin detaylari)

Concrete Strength 15.1 N/mm?

Modulus of Elasticity of

Concrete

E theoreticat / 2 = 13500 N/mm?

Reinforcement Steel Grade S220
Structural Behavior Factor 4
Seismic Design Category Given in Figure 4
Soil Classification ZB
Building Type School
Building Use Category 1

Foundation Type

Raft Foundation

Structural System

Moment Resisting Frame

Infill Walls

Clay Brick

Storey Covering

Parquet Strip (beechen)

5 A

#-F

1 2 3

4 5 6

Figure 1. Formwork plan (Kat kalip plani)

I—F+—> 5> 5 5 15 15151515

h=3000

H=3800

Figure 2. Reinforced concrete structural system (mm)
(Betonarme yapisal sistem (mm))

3. NUMERICAL INVESTIGATION (NUMERIK
INCELEME)

3.1. Modeling of Existing Structure (Mevcut Yapmmn
Modellenmesi)

The model of the building was created as shown in
Figure 3 as close to actual by using the required data.
All rigidities in storeys with cracks have been reduced
to 30%. It is assumed that the beams carry neither
moment in the flexural regions nor shear force in the
region of shear cracks, while in the columns, shear
cracks were created supposing that no force was
carried in order to stay on the safe side.

A . =T
NS —FS
SRS S
S
> |
1$>"427
PRI LA T
WANNE 2
ANNNgle
N\1N274
SN JINWA

Figure 3. Structural model (Yapisal model)

The required earthquake data obtained for the
location of the building are shown in Figure 4. The
foundation of the building was formed in the ZB soil
classification. The configuration of earthquake loads
was carried out in the light of these information. For
beams, 6 kN/m dead load was assigned. For storeys,
dead load and live load, according to TS498, were
assigned as 3.5 kN/m? and 5.0 kN/m?, respectively.
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Table 2. Crack pattern (Catlak durumu)

Structural members Storey Axes Crack pattern
C-D
1 4-5
B-C
2
Slab 12
B-D
3 45
B
! 12
B
. 5-6
D
! 5-6
2 D
5-6 =1 mm
Beam w
3 B Al
5-6
B
4 12
B
4 56
D
6 5-6
2
2 cD
3
2 B-C
3
2 E-F
4 25
Beam 2 w=2mm
4 B-D
2
6 B-D
4
6 cD
D
6 3-4
1 1-B
1 2-B
w=2mm
1 5-D
1 6-D
Columns 2 5D
u
2 6-D
3 5-D
3 6-D
1 6-F
2 6-F

Table 3. Details of reinforcement (Donat: detaylart)

Structural members Dimensions (mm) Rebars
Slab h=100 ?10/300 plain, @10/300 bent-up
Beam 300 x 500 2010 (top), 5814 (bottom), @8/250 (stirrup)
Columns 500 x 500 8018, ¥8/200
Foundation h=700 14020 (top), 14020 (bottom)

3.2. Analysis of the Existing Structure and Results
(Mevcut Yapinin Analizi ve Sonuclar)

In the light of the information given in the previous
sections, the analysis of the structure was carried out
according to the Turkish Building Earthquake Code

and results were obtained according to the 9 load
combinations (1,4G+1,6Q, G+Q+Ex, G+Q-EX,
G+Q+Ey, G+Q-Ey, 0,9G+EX, 0,9G-Ex, 0,9G+Ey ve
0,9G-Ey) given in TS500. In the combinations, it was
observed that the worst-case loading was G+Q+Ey
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and the relative story drifts obtained for this
combination are given in Table 4. Information about
natural periods of the existing building is given in
Table 5. When all the results related to storey drifts
are examined, it was seen that there was no torsional
irregularity in both X and Y directions. The required
controls were performed for the soft storey irregularity
using the Table 6 for the earthquake in the X direction
and the Table 7 for the earthquake in the Y direction
according to the earthquake code.

.
%
Tis)
(@)
G
Tis)
(b)
S5 = 0.440 $,=0.129 Sps = 0.396 Spy = 0.103
PGA = 0.189 PGV = 11.257
(©

Figure 4. (a) Horizontal and (b) Vertical elastic
design spectra, (c) Seismic design parameters

obtained from 2018 Seismic Hazard Map ((a) yatay ve
(b) diisey elastic spektrum, (c) 2018 Sismik Tehlike Haritasi 'ndan
ele edilen sismik tasarim parameterleri parametreleri)

Table 4. Relative storey drifts of the existing building

(Mevcut binanin goreli kat dtelenmesi)

Storey u1 u2 us
(mm) (mm) (mm)

1 2.55 17.26 -6.73
2 2.92 17.13 1.20
3 2.30 15.54 -0.05
4 1.65 13.08 -0.09
5 151 11.95 -0.12
6 1.39 10.79 -0.13
7 1.24 9.30 -0.13
8 1.10 7.44 -0.12
9 091 5.46 -0.09
10 0.72 3.42 -0.05

290

Table 5. Natural periods of the existing building
(Mevcut binamin dogal periyotlari)

Period Frequency | CircFreq | .
Mode (sec) (1/sec) (rad/sec) Eigenvalue
Mode 1 2.14 0.48 2.94 8,63
(translation-y)
Mode 2 2.10 0.47 2.99 8.94
(translation-x)
Mode 3 . 0.53 3.33 11.12
d (tolrse:gn)
Mode 4 0.68 1.46 9.18 84.21
Mode 5 0.67 147 9.27 85.90
Mode 6 0.61 1.64 10.32 106.47
Mode 7 0.39 2.60 16.31 26613
Mode 8 0.38 2.61 16.40 269.02
Mode 9 0.35 2.86 18.00 323.89
Mode 10 0.32 3.09 19.34 374.15
Mode 11 0.27 3.71 23.30 543.05
Mode 12 0.26 3.76 23.61 557,18

Table 6. Soft storey control in X direction (x ycniinde
umusak kat kontrolii)

Storey Loading vl Control Result
mm mm/mm
1 EX 13.07 0.51 <2
2 EX 25.58 0.68 <2
3 EX 37.36 0.77 <2
4 EX 48.25 0.82 <2
5 EX 58.34 0.86 <2
6 EX 67.44 0.89 <2
7 EX 75.31 0.92 <2
8 EX 81.68 0.95 <2
9 EX 86.42 0.96 <2
10 EX 89.50 - <2

Table 7. Soft storey control in Y direction (Y yéniinde

yumusak kat kontrolii)
Storey Loading vl Control Result
mm mm/mm
1 EY 17.24 0.50 <2
2 EY 34.35 0.69 <2
3 EY 49.94 0.79 <2
4 EY 63.05 0.84 <2
5 EY 75.02 0.87 <2
6 EY 85.83 0.90 <2
7 EY 95.12 0.93 <2
8 EY 102.50 0.95 <2
9 EY 107.89 0.97 <2
10 EY 111.25 <2

As a result of the analyzes carried according to
TS500 and 2018 Turkey Earthquake Code, it was ssen
that the load-bearing capacity of many columns has
been exceeded and the strengthening was essential, as
shown in Figure 5 in 3D and Figure 6 in 2D.
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0,90

0,00

Figure 5. Exceeding the load bearing capacities of
structural members (3D) (Yapisal elemanlarn yiik tasima
kapasitelerinin asiimast (3D))

1.00D

0,90
WOH
0,50

0,00

100|:|

0,90

0,00

(b)
Figure 6. Exceeding the load bearing capacities of

structural members (2D) (Yaprsal elemanlarin yiik tasima
kapasitelerinin asilmast (2D))

Interaction diagrams, which shows the bearing
capacity, are the same for all columns since the cross-
sections and reinforcement steel are the same.
However, the axial force and moment values on the
columns are different. The interaction diagrams are

given in Figure 7 by examining the two columns
whose bearing capacity is exceeded and within the
bearing capacity limits which are shown in Figure 6.

3500

[ ]
3000
2500
= 2000
=
3 1500
S
— 1000
=
B3
< 500
[ ]
0
100 150 200 250
-500
-1000
Moment (kN-m)
—@—within the limits of capacity —e—out of capacity ——interaction (M-N)

Figure 7. Interaction diagram of selected columns
(Segilen kolonlarin karsilikly etkilesim diyagrami)

4, STRENGTHENING OF THE BUILDING
(BINANIN GUCLENDIRILMESI)

As a consequence of the examination of the
existing building, it was seen that the strengthening of
the structural-system is required. Concrete with 30
MPa compressive strength and steel with 420 MPa
yield strength were used for the jacketing to be
implemented in the strengthening. As depicted in the
plan in Figure 8, a reinforced concrete wall with a
width of 30 cm in accordance with the beam width
was placed on the structure. During the placement
stage of the reinforced concrete walls in the plan, it
was aimed that the large forces in the structure would
mostly exert on the outer columns and that keeping the
overlap of the mass-rigidity center of the building. In
the succeeding stage, the building was analyzed with
SAP2000 software. However, the load-bearing
capacity of some columns was exceeded. Hereby, it
was decided to apply the jacketing to all columns and
beams with sections shown in Figure 9. The column
jacketing process was applied to all columns, whereas
the beam jacketing process was applied only to the
beams with cracks. A new reinforced concrete layer
with a thickness of 125 mm was added around the
column. Therefore, the column cross-section became
750 mm x 750 mm. While the beams were being
strengthened, a new reinforced concrete layer was
added with a thickness of 50 mm on the side surfaces
of the beam and 100 mm on the bottom surface. In this
layer, a total of 10016 reinforcement steel was used
on the side surfaces and 1016 reinforcement on the
lower surface. The general view of the strengthened
structure is shown in Figure 10. The modulus of
elasticity for C30 concrete was calculated
theoretically and the structural behavior factor has
been updated to 6.
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4 5 6

-
-
w

Figure 8. Lay-out of reinforced concrete walls
(Betonarme perde duvarlarin yerlegimi)

4.1. FEM Analysis of the Strengthened Building
and Results (Giiclendirilen Binamin SEM
analizi ve Sonuclar)

In the light of the information given about the
strengthening process, the analysis of the structure
was performed and 9 load combinations given in
TS500 (1.4G+1.6Q, G+Q+Ex, G+Q-Ex, G+Q+Ey,
G+Q-Ey, 0.9G+EXx, 0.9G-Ex, 0.9G+Ey and 0.9G-Ey)
were obtained. It was observed that the worst-case
loading was G+Q+Ey and the relative story drifts
obtained for this combination are given in Table 8.
Information about natural periods of the strengthened
building is given in Table 9. When all the results
related to storey drifts are examined, it was seen that
there was no torsional irregularity in both X and Y
directions.

Table 8. Relative storey drifts of the strengthened
bui Iding (Giiglendirilen binanmin goreli kat ételenmesi,

Storey Ul u2 U3

(mm) (mm) (mm)
1 0.003 0.757 0.253
2 0.012 1.165 0.135
3 0.023 1513 0.093
4 0.033 1.774 0.060
5 0.041 1.953 0.033
6 0.049 2.063 0.012
7 0.054 2.113 -0.003
8 0.060 2114 -0.014
9 0.064 2.081 -0.017
10 0.066 2.020 -0.008

i 5
fe % & 408 & 9 ¢

-

.

.

e o o o

1.6.6000 ks 3

(a) (b)
Figure 9. Strengthening details of (a) column,
(b) beam ((a) kolon, (b) kiris giiclendirme detay1)

Figure 10. General view of strengthened building
(gii¢lendirilen binanin genel goriiniigii)

Table 9. Natural periods of the strengthened building
(Giiglendirilen binanin dogal periyotlar

Mode Period (sec) Fr((?/g:gc Y ggglzge(g Eigenvalue
Mode 1 0'59.7 1.67 10.51 110.52
(translation-y)
Mode 2 (tran(iig?iZ\n-x) 1.67 10.52 110.72
Mode 3 0.395 252 1588 | 252.46
(torsion)
Mode 4 0.136 7.35 46.19 2133.90
Mode 5 0.130 7.67 48.24 2327.40
Mode 6 0.097 10.23 64.28 4132.40
Mode 7 0.096 10.32 64.87 4209.20
Mode 8 0.096 10.32 64.88 4210.60
Mode 9 0.094 10.54 66.23 4386.60
Mode 10 0.094 10.57 66.41 4411.00
Mode 11 0.092 10.86 68.24 4657.50
Mode 12 0.092 10.86 68.26 4659.70
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Table 10. Soft storey control in X direction
(X yoniinde yumusak kat kontrolii)

Ul Control

Storey Loading mm mm/mm Result
1 EX 13.07 0.51 <2
2 EX 25.58 0.68 <2
3 EX 37.36 0.77 <2
4 EX 48.25 0.82 <2
5 EX 58.34 0.86 <2
6 EX 67.44 0.89 <2
7 EX 75.31 0.92 <2
8 EX 81.68 0.95 <2
9 EX 86.42 0.96 <2
10 EX 89.50 <2

The required controls for the earthquakes in X and
Y directions were checked out in Table 10 and Table
11, respectively in terms of soft storey irregularity.

As a result of the FEM analyzes performed
according to TS500 and TEC-2018, all of the load-
bearing members were able to withstand the load
combinations, as shown in Figure 11 in 3D and in
Figure 12 in 2D.

Table 11. Soft storey control in Y direction (Y yéniinde

yumugak kat kontrolii)
. Ul Control
Storey Loading mm mm/mm Result
1 EY 0.01 0.59 <2
2 EY 0.02 0.74 <2
3 EY 0.02 0.82 <2
4 EY 0.03 0.87 <2
5 EY 0.03 0.90 <2
6 EY 0.04 0.93 <2
7 EY 0.04 0.96 <2
8 EY 0.04 0.98 <2
9 EY 0.04 1.01 <2
10 EY 0.04 <2

|

09

05

Figure 11. Control of load-bearing capacities of

structural members (3D) (Yapisal elemanlarn yiik tasima
kapasitelerinin kontrolii (3D))

Since the cross-sections and reinforcement steel of
the columns are identical, the interaction diagrams are
same for all columns. Nevertheless, the axial force and

moment values on the columns are different. The
interaction diagram of the strengthened columns is
given in Figure 13 for the 5-D axis. Similar to the 5-D
axis, the moment and axial-force values of all columns
obtained from the numerical results are within the
acceptable limits in the interaction diagram.
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Figure 12. Control of load-bearing capacities of

structural members (2D) (Yapisal elemanlarin yiik tasima
kapasitelerinin kontrolii (2D))
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Figure 13. Interaction diagram of the strengthened

columns (Giiglendirilmis kolonlarin karsilikly etkilesim
diyagrami)
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5. COMPARISON OF NUMERICAL RESULTS
(NUMERIK SONUCLARIN KARSILASTIRILMASI)

In this part of the study, general behavior of the
strengthened building is compared with the un-
strengthened situation and the information about the
load-bearing capacity increase of the columns and
beams is presented.

The most important factor affecting the behavior of
the building during an earthquake are the predominant
periods and mode shapes of the building. The periods
of the existing and the strengthened building are
compared in Figure 14. Since the structural system of
the existing building had a symmetrical lay-out, the
behavior of the first two modes was in the form of
translation. The behavior of the third mode was in the
form of rotation. It was considered that this rotational
behavior would prevent the large shear stresses that
will occur as a result of torsion in the structure during
the earthquake, and as a consequence attention has
been paid to ensure that the center of rigidity does not
move away from the center of gravity during the
placement of the reinforced concrete shear walls
added to the building. Therefore, there was no change
in behavior in the predominant periods of the building,
that is, the first two periods were observed as
translation and the third period as rotation. As a result
of the strengthening, the period of the building
decreased from 2.14 to 0.60 seconds for mode-1, 2.10
to 0.60 seconds for mode-2 and 1.88 to 0.40 seconds
for mode-3, respectively. Besides, the proportional
increase in the rigidity of the building was
approximately 13 times greater than the proportional
increase in the weight of the building.
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Figure 14. Period of the modes in the building
(Bina periyotlari)

The decrease in the period as a result of the increase
in rigidity amplified the earthquake accelerations
acting on the building. The information acquired from
Figure 4 for the variation of horizontal and vertical
earthquake accelerations are given in Figure 15 and
Figure 16, respectively. As a result of the
strengthening, the horizontal and vertical earthquake
accelerations affecting the structure increased by
average of 294% and 400%, respectively. In addition,

10 times decrease was observed in the strorey drifts of
the strengthened building compare to the existing one.
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Figure 15. Horizontal earthquake accelerations
depending on modes (Modlara bagl: yatay deprem ivmeleri)
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Figure 16. Vertical earthquake accelerations
depending on modes (Modlara bagh diisey deprem ivmeleri)

Significant increases occurred in the load-bearing
capacities of the reinforced columns and beams. The
comparison of the interaction diagrams of the
reinforced columns before and after the strengthening
is shown in Figure 17. In the case of zero moment, the
axial compressive force bearing capacity and axial
tensile force bearing capacity of reinforced concrete
columns increased by 300% and 490%, respectively,
compared to the unstrengthened ones. Whereas, In the
case of zero axial force, the moment carrying capacity
of the column increased by 666%.
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Figure 17. Comparison of column interaction

diagrams (Kolon karsilikli etkilesim diyagramlarimin
karsilastiriimast)
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One of the information specifically examined in the
behavior of reinforced concrete beams is the moment-
curvature relationship. The variation of the moment-
curvature curve in strengthened beams with respect to
the initial state is shown in Figure 18. The moment
carrying capacity of the strengthened beams increased
by 485%. When the strengthened beams reach their
maximum bearing capacity, the rotational value
decreased by 76% due to the increase in flexural
stiffness compare to the unstrengthened beams.
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Figure 18. Comparison of moment-curvature

diagrams of beams (Kirisierin moment-egrilik
diyagramlarinin karsilastirilmasi)

6. CONCLUSION (SONUCLAR)

In this study, finite element analysis of an
insufficient reinforced concrete building, whose
surveying was done, then, the crack distribution in the
load-bearing members was detected and the concrete
grade was determined with the samples taken, was
performed using SAP2000 software. Considering the
numerical results of the existing building, a new
reinforced concrete layer was added to the columns
and beams, and reinforced concrete walls were placed
on the load-bearing system in order to improve the
behavior of the structure. The FEM analysis of the
rehabilitated building was carried out and the results
were compared with the initial state. A summary of
the main findings and the suggestions which have
arisen in this study are listed as follows:

- It has been observed that the insufficient bearing
capacities of the columns in the existed building have
become sufficient according to TS500 and TEC-2018.

- Due to the increased rigidity after strengthening, the
displacements in the building decreased for all
combination cases stated in TS500.

- The predominant period of the building was
decreased from 2.14 seconds to 0.60 seconds after the
strengthening process.

- Depending on the change in the period of the
building, the horizontal and vertical earthquake

accelerations acting on the building increased by
294% and 400%, respectively. Additional forces due
to this increase were safely carried by reinforced
concrete shear walls and strengthened columns.

- The moment carrying capacity of the strengthened
beams raised up to 5 times, and at this level, the
rotation decreased by three fourths due to the increase
in flexural stiffness.

- When compared to unstrengthened ones, in case of
zero moment, the axial compressive force bearing
capacity and the axial tensile force bearing capacity of
the reinforced concrete columns increased up to 3 and
5 times, respectively. Whereas, in case of zero axial
force, the moment carrying capacity of the
rehabilitated columns increased up to 6,6 times.

It is revealed that the existing un-strengthened
reinforced concrete buildings can be aligned with the
current earthquake regulations and specifications by
adding a new reinforced concrete layer to the load-
carrying members and placing additional reinforced
concrete shear walls on the structure. However, cost
which is considered as one of the main factors in
building management should also be taken into
account. The author recommends comparing the
expenses of the reconstruction and the strengthening
of the building in future studies.
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