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A B S T R A C T 

Investigation of carrying capacity performance of reinforced concrete (RC) struc-
tures is very important for structural engineering. In this study, it is aimed to examine 

the nonlinear carrying capacity performance of an RC laboratory structure by using 

three dimensional (3D) modelling approach. For this purpose, Zonguldak Bulent Ece-

vit University Laboratory Structure is selected and it is modeled as three dimensional 

by utilizing IDECAD static software. After modelling all beams, columns and floors 

according to 2018 Turkish earthquake code, concrete classes are determined for all 
bearing elements and specified concrete classes are defined for all elements of 3D 

model. Then, structure is analyzed for empty situation (Case 1) and structural per-

formance of building is analyzed to this situation. In the past, a flat of this RC structure 

has been exposed to strong machine loads. For this reason, a machine which is fixed 

on the floor is placed in the 3D model and RC structure is analyzed considering non-

structural machine element loads (Case 2). According to analysis results, Case 1 is 

compared with Case 2 and it is clearly seen that nonstructural machine loads effect 

nonlinear carrying capacity performance of RC buildings. 
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1. Introduction 

In the recent years, reinforced concrete (RC) build-
ings have been frequently used in many world countries 
for many purposes. Concrete has tremendous compres-
sive strength. Moreover, steel has tremendous tension 
strength. In the past, a very important idea was sug-
gested about combination of concrete and steel materi-
als. RC buildings have been revealed with this idea that 
combined concrete and steel. Any defect in concrete or 
steel element affects all of the structures. The adherence 
between these materials improves properties of RC ele-
ments. The first defect was related with damages in RC 
buildings that have the weak concrete materials. The im-
portance of studies, researches and prevention about 
carrying capacity of the RC structures have risen after 
destructive earthquakes in the world especially in recent 
years. Demartino et al. (2017) examined an experi-
mental and numerical study about the damage behav-
ior of circular RC columns subjected to impact loading. 

Numerical study was performed using LS-DYNA soft-
ware and these numerical results showed a good agree-
ment with the experimental results. Wei et al. (2019) 
performed an experimental and numerical study about 
damage performance of reinforced conventional (RC) 
concrete and ultra-high performance concrete (UHPC) 
columns subjected important loads. In that study, there 
are total two different test specimens and these speci-
mens have square and circular cross-section shapes. 
Moreover, each specimen group includes both RC and 
UHPC columns. After examined experimental results, nu-
merical simulations were performed to observe residual 
loading capacity of UHPC column subjected to lateral im-
pacts. Chen et al. (2019) evaluated damage perfor-
mances of reinforced concrete (RC) columns. In that 
study, new compression-shear failure mode for RC col-
umns was reported and discussed in detail. A finite ele-
ment (FE) model was developed by using LS-DYNA. An 
important equation was proposed to rapidly evaluate 
the damage situation of the RC columns. Zhao et al. 
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(2020) investigated an experimental and numerical 
study about steel-concrete (SC) slabs subjected to blast 
loads. In that study, three small-scale reinforced con-
crete (RC), single-side- steel-concrete (SSSC) and center 
steel-concrete (CSC) slabs were tested to acquire the fail-
ure modes, mid-span deflection, and dynamic response. 
3D numerical models were verified by the experimental 
tests. According to results, the damaged areas of con-
crete in SSSC and CSC slabs are larger than RC slab. 
Biswas et al. (2020) investigated numerical and experi-
mental effects of non-uniform rebar corrosion on dam-
age performance of reinforced concrete (RC) buildings. 
Damage behavior of RC beams subjected to non-uniform 
rebar corrosion was examined using three-dimensional 
(3D) nonlinear finite element (FE) analysis and experi-
mental study. Seven RC beams were tested by using 
static loads. According to experimental and numerical 
study results, non-uniform corrosion in the steel bars 
cause to an important decrease in the load carrying ca-
pacity of RC beams. Kumar et al. (2020) performed ex-
perimental and numerical study about damage perfor-
mance of reinforced concrete (RC) slabs subjected to 
blast loads. The finite element (FE) modelling was per-
formed by using ABAQUS software. According to numer-
ical results, the pressure of blast increase with an in-
crease in the amount of TNT. Mohammed et al. (2020) 
examine damage performance of reinforced concrete 
(RC) structures subject to flexural loads. According to re-
sults, the damage behaviour of RC systems can be deter-
mined with the tensile cracking of the grout and failing 
of teeth at the joint. Moreover, there are many studies in 
the literature about damage performance of RC buildings 
(e.g. Xinchen and Bing (2020), Xian-Liang et al. (2019), 
Yang et al. (2019), Junsheng et al. (2020), Shuijing et al. 
(2019), Sulaem and Sudip (2019), Rajib et al. (2020), Li 
et al. (2020), Tie-shuan et al. (2019), Chen et al. (2019)). 

As seen these studies, many investigators have contrib-
uted to the literature about nonlinear behaviour of RC 
buildings. However, effects of machine loads on damage 
capacity of RC structures have not been examined in the 
literature. In this study, Zonguldak Bulent Ecevit Univer-
sity laboratory structure is selected for numerical anal-
yses. This structure has a damaged floor at third flat and 
this floor carries very strong machine loads for a long time. 
Therefore, examination of this floor is very important for 
structural engineering. After 3D model of the structure is 
created according to 2018 Turkish earthquake code, ma-
chine loads are applied to this damaged floor and all nu-
merical results are compared with each other. 

 

2. Methodology 

In this study, a four story University building fre-
quently exposes very stronger machine loads is exam-
ined by using 3D modelling. Because of this RC building 
carries very serious loads on the floors, examination of 
damage capacity performance of this structure is very 
important for the people and structures. First of all, the 
relievo of the RC building was obtained in detail. Each 
carrying element is determined in detail and the length 
information of each carrying element is entered in detail 

in the AUTOCAD program. Then, information was ob-
tained about the current status of the fittings in the car-
rying elements using an x-ray device. The 3D model of 
the building was created with the help of the IDECAD 
static program. All carrying elements have been carefully 
entered into the program and the floors have been cre-
ated in accordance with the project. Finally, core sam-
ples were taken from the structure. Considering the his-
torical feature of the building, care was taken not to dam-
age the building too much. Core samples were experi-
mentally tested and their mechanical properties were 
determined. Total 30 different samples are used to ob-
tained concrete classes of samples. While performing 
these tests, Turkish TS500 standard was considered and 
according to test results, average concrete class of these 
samples is obtained as C20. The material parameters of 
all carryings are carefully defined in the program. The 
analyses were first made for the empty status of the 
building considering 2018 Turkish earthquake code. 
Then, 30-ton machine load was applied to damaged floor 
of the structure and 3D model was analyzed taking into 
account this situation of the structure. According to anal-
ysis results, both situations of the structure are com-
pared in detail. 
 

3. Description and 3D Modelling of the RC Building 

Zonguldak Bulent Ecevit University Laboratory was 
constructed in Zonguldak province in 2009. It is located 
in the University campus. It is a reinforced concrete (RC) 
building and it has 4 different flats. First and second flats 
have very heavy machines which are located on the 
floors and these machines are very critical for civil engi-
neering technology. All flats have coffered slabs and 
these coffered slabs have very different thicknesses and 
mechanical properties from each other. These thick-
nesses are 12 cm, 14 cm, 15 cm, and 18 cm, respectively. 
Moreover, concrete classes of these slabs are C18, C20 
and C22, respectively. Zonguldak Bulent Ecevit Univer-
sity Laboratory building is shown in Fig. 1. Moreover, 
views of the laboratory building projects are presented 
for the first floor, second floor, third floor and fourth 
floor in Fig. 2. 

Building has 48 various columns and 88 different 
beams. Moreover, there are 37 various shear walls in this 
structure. Height of the first floor is 5 m and height of 
second, third and fourth floors are 5.2 m, 5.8 m and 4.2 
m, respectively. First flat is used for building materials 
laboratory. Second flat is used for construction technol-
ogy laboratory and other flats are constructed for office. 
While creating this structure, one floor of this building 
collapsed and this floor was rebuilt. This floor is at the 
third flat of this structure. Then, heavy machines had to 
be placed on this floor. This structure has been modelled 
by using 3D modelling approach. While performing mod-
elling, IDECAD static software is used. Firstly, foundation 
of structure is created according to original project. After 
columns and beams are modelled, coffered slabs are 
created in 3D model as seen in Fig. 3. Then, structure is 
analyzed for empty situation of the building. After that, 
machine loads are calculated and these loads are applied 
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to collapsed floor (Fig. 4) and building is analyzed ac-
cording to this situation. Moreover, fix boundary condi-
tions are defined under the foundation of the building. 
According to analysis results, both situations of the 
structure are compared in detail. 

 

4. Three Dimensional Analysis Results 

Examination of 3D damage performance of reinforced 
concrete (RC) buildings is very important for civil engi-
neers. Firstly, x-ray devices were used to determine cur-
rent situation of the rebars (Fig. 5). Then, the compressive 

strength of the carrying elements was determined with 
the Schmidt hammer device. With this device, 15 strokes 
were applied to each carrying element and concrete clas-
ses of these elements are obtained by this device. Ac-
cording to numerical analysis results, empty and full sit-
uations of collapsed floor are examined and compared 
with each other (Tables 1-8). In Tables 1-4, performance 
analysis results are shown for empty situation of the 
floor in detail. Moreover, 3D performance results are 
presented for full situation which there are machine 
loads on the floor in Tables 5-8. In the numerical results, 
empty situation of the floor is named as Case 1 and other 
situation is named as Case 2. 

 

Fig. 1. View of the Laboratory Building. 

 
Fig. 1. View of the Laboratory Building projects: a) First floor; b) Second floor; c) Third floor; d) Fourth floor. 

Laboratory Building 

a) 
b) 

c) d) 

Laboratory Building 
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Fig. 3. 3D model of Laboratory Building. 

 

Fig. 4. Machine load on collapsed floor.  
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Fig. 5. Examination of carrying elements  
with X-ray device. 

In Table 1, numerical results of column 1 (Ni, V2i, V3i, 
M2i, M3i, Nj, V2j, V3j, M2j, M3j) are shown for Case 1 in 
detail. Maximum loads are marked in bold. In addition, 

these loads are presented for 8 different combinations of 
2019 Turkish Earthquake Code.  According to Table 1, 
maximum normal load (Ni) is -11.90 kN for G+Q+EY2 
combination and maximum shear load (Vi) is 5.24 kN for 
G+Q+EX2 combination. In addition, maximum moment 
load (Mi) is 5.71 kNm for G+Q+EY1 combination (Table 
1). Maximum normal load (Nj) for j direction of column 
1 is 12.42 kN for G+Q-EY1 combination and maximum 
shear load (Vj) is 4.69 kN. Besides, maximum moment 
load (Mj) is 7.81 kNm as seen from Table 1. 

In Table 2, three dimensional numerical results (Ni, 
V2i, V3i, M2i, M3i, Nj, V2j, V3j, M2j, M3j) for column 2 are 
presented for Case 1. -27.82 kN maximum normal load 
(Ni) is obtained for G+Q+EY1 combination. Moreover, -
4.21 kN maximum shear load (Vi) is obtained for 
G+Q+EY1 combination and maximum moment load (Mi) 
is 13.72 kNm for G+Q-EY1 combination. When compared 
Tables 1 and 2, column 2 has more normal load and mo-
ment value than column 1 as seen from Tables 1 and 2. 
Maximum normal load (Nj) for j direction of column 2 is -
12.16 kN. This load value is very close to column 1. Maxi-
mum shear load (Vj) is -3.31 kN and maximum moment 
load (Mj) is -3.40 kNm for G+Q+EY1 combination (Table 2).

Table 1. Numerical analysis results of Column 1 for Case 1. 

Load Ni V2i V3i M2i M3i Nj V2j V3j M2j M3j 

Unit kN kNm kN kNm 

G+Q+EX1 -11.25 4.74 1.12 2.79 2.77 4.71 1.12 1.03 1.17 7.81 

G+Q+EX2 -10.60 5.24 1.47 3.61 3.14 5.49 2.58 -1.08 1.25 4.91 

G+Q+EY1 -11.00 3.28 2.73 3.72 5.71 2.20 4.69 -3.59 2.39 2.99 

G+Q+EY2 -11.90 1.13 2.83 1.99 -5.35 8.49 3.42 -1.25 2.21 1.52 

G+Q-EX1 -11.25 -1.17 2.57 -1.29 -2.75 11.98 -2.61 2.47 2.36 -4.71 

G+Q-EX2 -11.69 -1.67 2.12 -1.01 -2.71 12.39 -2.02 1.39 3.37 -4.79 

G+Q-EY1 -5.60 0.29 -2.37 -2.43 -5.09 12.42 3.46 0.77 1. 44 -1.70 

G+Q-EY2 -4.70 0.44 -2.57 -2.74 2.73 11.67 2.29 3.24 -2.88 2.97 

Table 2. Numerical analysis results of Column 2 for Case 1. 

Load Ni V2i V3i M2i M3i Nj V2j V3j M2j M3j 

Unit kN kNm kN kNm 

G+Q+EX1 -12.46 -1.32 2.45 6.69 3.27 -5.97 -1.11 -3.31 -2.75 -0.82 

G+Q+EX2 -11. 53 1.17 1.15 5.17 3.26 -6.54 -1.18 -1.11 -2.54 -0.23 

G+Q+EY1 -27.82 -4.21 -1.68 3.87 -7.32 -12.16 -2.57 -1.29 -3.40 -0.64 

G+Q+EY2 -21.61 -3.99 -2.51 -4.98 -6.76 -11.19 -2.97 -1.77 -3.09 -0.72 

G+Q-EX1 -13.06 -2.71 -2.77 -4.36 -3.69 -4.97 -1.93 -1.63 -1.97 -0.06 

G+Q-EX2 -10.84 -2.77 -2.47 -5.19 -4.82 -6.18 -1.44 -1.51 -1.06 -0.59 

G+Q-EY1 -12.07 2.81 -1.14 -6.99 13.72 -7.83 -0.58 -1.19 -1.34 0.86 

G+Q-EY2 -10.37 2.36 -1.67 4.57 4.26 -2.37 -1.96 -1.97 -1.37 -0.47 
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According to Table 3, numerical results for column 3 
(Ni, V2i, V3i, M2i, M3i, Nj, V2j, V3j, M2j, M3j) are shown 
for Case 1. Maximum loads are marked in bold. In Table 3, 
maximum normal load (Ni) is -42.84 kN for G+Q+EY1 
combination. More normal load value is acquired for col-
umn 3, when compared columns 1, 2.  Moreover, maxi-
mum shear load (Vi) is 5.92 kN for G+Q+EY1 combination 

and maximum moment load (Mi) is 13.75 kNm for G+Q-
EY1 combination. Maximum normal load (Nj) for j direc-
tion of column 3 is 1.93 kN. This load value is very less 
from columns 1 and 2. Maximum shear load (Vj) is -1.99 
kN and maximum moment load (Mj) is 1.97 kNm (Table 
3). When compared Tables 1, 2 and 3, less moment val-
ues are obtained for j direction of column 3.

Table 3. Numerical analysis results of Column 3 for Case 1. 

Load Ni V2i V3i M2i M3i Nj V2j V3j M2j M3j 

Unit kN kNm kN kNm 

G+Q+EX1 -34.01 1.01 1.87 5.97 -2.75 1.52 -1.75 1.45 -1.58 1.97 

G+Q+EX2 -36.26 1.52 1.85 4.75 3.14 1.57 -1.65 1.53 -1.74 1.85 

G+Q+EY1 -42.84 -3.55 1.21 1.57 -11.96 1.59 -1.87 -1.26 1.73 1.56 

G+Q+EY2 -42.80 -2.74 1.47 1.41 -10.63 1.93 -1.21 -1.22 1.65 1.41 

G+Q-EX1 -39.71 1.73 -1.57 -4.17 3.93 1.34 -1.19 -1.78 1.58 1.29 

G+Q-EX2 -39.67 1.89 -1.96 -4.58 -3.29 1.08 -1.52 -1.89 1.82 1.87 

G+Q-EY1 -35.97 5.92 -0.63 -3.99 13.75 1.82 -1.48 1.55 -1.27 1.89 

G+Q-EY2 -35.88 4.28 0.39 -0.85 12.59 1.27 -1.99 1.23 -1.89 1.03 

 

In Table 4, numerical results of column 4 (Ni, V2i, V3i, 
M2i, M3i, Nj, V2j, V3j, M2j, M3j) are shown for Case 1. 
Maximum loads are marked in bold and these loads are 
presented for 8 different combinations of 2019 Turkish 
Earthquake Code. According to Table 4, maximum nor-
mal load (Ni) is -38.39 kN for G+Q+EY1 combination. 
Less normal load value is acquired for column 4, when 
compared column 3. Moreover, maximum shear load 

(Vi) is 5.88 kN for G+Q+EY1 combination and maximum 
moment load (Mi) is 15.87 kNm for G+Q-EY1 combina-
tion. Maximum normal load (Nj) for j direction of column 
4 is 3.99 kN. This load value is very less from columns 1 
and 2. Maximum shear load (Vj) is -1.91 kN and maxi-
mum moment load (Mj) is 1.95 kNm (Table 4). When 
compared Tables 1, 2, 3 and 4, maximum moment value 
for j direction is obtained for column 4.

Table 4. Numerical analysis results of Column 4 for Case 1. 

Load Ni V2i V3i M2i M3i Nj V2j V3j M2j M3j 

Unit kN kNm kN kNm 

G+Q+EX1 -32.15 2.58 3.78 5.47 4.87 3.52 -1.75 1.52 -1.67 -0.87 

G+Q+EX2 -33.58 2.41 2.94 4.95 5.24 3.08 -1.54 1.26 -1.89 -0.85 

G+Q+EY1 -38.39 -3.39 1.71 2.28 -11.86 3.57 -1.58 1.45 0.57 -1.56 

G+Q+EY2 -33.78 -3.85 -1.05 -3.87 -12.17 3.76 -1.79 -1.64 1.60 -1.33 

G+Q-EX1 -32.68 1.52 -1.87 -5.08 -5.46 3.99 -1.25 -1.52 1.58 -1.58 

G+Q-EX2 -33.54 1.22 -1.87 -5.87 -3.67 3.84 -1.05 -1.42 0.97 -1.38 

G+Q-EY1 -34.29 5.88 -1.97 -1.57 15.87 3.75 -1.91 1.55 -1.87 -1.95 

G+Q-EY2 -37.75 4.57 1.78 1.93 10.97 3.88 -1.72 1.26 -0.56 -1.56 

 

According to Table 5, numerical results of column 5 
(Ni, V2i, V3i, M2i, M3i, Nj, V2j, V3j, M2j, M3j) are shown 
for Case 2. In Table 5, maximum normal load (Ni) is -
22.97 kN for G+Q+EY2 combination. Moreover, maxi-
mum shear load (Vi) is 9.54 kN for G+Q+EX1 combina-
tion and maximum moment load (Mi) is 27.69 kNm for 
G+Q+EX1 combination. Maximum normal load (Nj) for j 
direction of column 5 is 21.54 kN. Maximum shear load 
(Vj) is 12.28 kN and maximum moment load (Mj) is 
11.59 kNm (Table 5).  

In addition, numerical results of column 6 (Ni, V2i, 
V3i, M2i, M3i, Nj, V2j, V3j, M2j, M3j) are shown in Table 
6. According to Table 6, maximum normal load (Ni) is -
26.88 kN for G+Q+EY2 combination. Moreover, maxi-
mum shear load (Vi) is -8.92 kN for G+Q-EX1 combina-
tion and maximum moment load (Mi) is -35.33 kNm for 
G+Q-EX2 combination. Maximum normal load (Nj) for j 
direction of column 5 is -14.44 kN. Maximum shear load 
(Vj) is -4.67 kN and maximum moment load (Mj) is -6.97 
kNm (Table 6). 
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Table 5. Numerical analysis results of Column 1 for Case 2. 

Load Ni V2i V3i M2i M3i Nj V2j V3j M2j M3j 

Unit kN kNm kN kNm 

G+Q+EX1 -13.58 9.54 1.63 8.78 27.69 10.64 12.28 -0.25 -1.58 11.59 

G+Q+EX2 -13.92 6.87 2.33 9.89 24.54 12.57 5.59 -0.15 -1.97 6.97 

G+Q+EY1 -21.05 1.99 5.24 12.62 -3.57 17.78 0.77 -1.68 -0.82 -3.98 

G+Q+EY2 -22.97 -1.57 6.85 16.48 -5.73 18.85 1.98 -1.48 -2.05 -1.85 

G+Q-EX1 -21.52 -5.26 -0.64 -9.04 -22.67 21.54 -4.56 -1.88 4.41 -5.57 

G+Q-EX2 -21.04 -6.47 -0.67 -10.07 -21.82 20.78 -5.87 -1.70 5.23 -4.80 

G+Q-EY1 -16.89 2.88 -4.62 -16.52 4.06 13.90 1.59 0. 06 4.52 3.05 

G+Q-EY2 -15.75 1.16 -5.27 -20.24 10.79 12.06 1.03 0.68 4.22 4.87 

Table 6. Numerical analysis results of Column 2 for Case 2. 

Load Ni V2i V3i M2i M3i Nj V2j V3j M2j M3j 

Unit kN kNm kN kNm 

G+Q+EX1 -14.25 4.52 5.55 19.52 13.05 -12.98 -3.00 -2.58 -5.87 -6.28 

G+Q+EX2 -16.63 4.72 6.56 18.05 20.77 -11.74 -3.65 -4.26 -5.52 -6.97 

G+Q+EY1 -26.88 -6.26 -2.78 -5.24 -33.52 -14.44 -4.67 -1.64 -1.67 -4.58 

G+Q+EY2 -24.57 -4.37 -1.99 -6.54 -32.72 -12.65 2.99 -1.58 -1.60 -5.54 

G+Q-EX1 -22.53 -5.16 -8.92 -24.65 -31.25 -12.25 -1.57 -1.57 -1.68 2.17 

G+Q-EX2 -23.17 -6.88 -7.59 -20.54 -35.33 -11.59 -1.88 -1.58 0.15 1.19 

G+Q-EY1 -11.19 6.80 -1.22 4.58 22.58 -12.88 1.82 -2.92 -4.65 -1.58 

G+Q-EY2 -15.65 1.71 1.27 7.55 10.89 -11.62 0.28 -1.57 -2.74 1.86 

 

According to Table 7, numerical results of column 7 
(Ni, V2i, V3i, M2i, M3i, Nj, V2j, V3j, M2j, M3j) are shown 
for Case 2. In Table 7, maximum normal load (Ni) is -
78.99 kN for G+Q+EY2 combination. Moreover, maxi-
mum shear load (Vi) is 19.98 kN for G+Q-EY2 combina-
tion and maximum moment load (Mi) is -54.88 kNm for 
G+Q+EY2 combination. Maximum normal load (Nj) for j 
direction of column 7 is 42.89 kN. Maximum shear load 
(Vj) is -6.91 kN and maximum moment load (Mj) is 7.58 
kNm (Table 7).  

In addition, numerical results of column 8 (Ni, V2i, 
V3i, M2i, M3i, Nj, V2j, V3j, M2j, M3j) are shown in Table 
8. According to Table 8, maximum normal load (Ni) is -
77.78 kN for G+Q+EY1 combination. Moreover, maxi-
mum shear load (Vi) is 12.88 kN for G+Q-EY1 combina-
tion and maximum moment load (Mi) is -52.91 kNm for 
G+Q+EY1 combination. Maximum normal load (Nj) for j 
direction of column 8 is 54.78 kN. Maximum shear load 
(Vj) is 6.92 kN and maximum moment load (Mj) is 5.92 
kNm (Table 8).

Table 7. Numerical analysis results of Column 3 for Case 2. 

Load Ni V2i V3i M2i M3i Nj V2j V3j M2j M3j 

Unit kN kNm kN kNm 

G+Q+EX1 -70.28 -1.57 9.85 36.25 -24.54 41.54 -4.85 5.28 6.37 5.58 

G+Q+EX2 -70.85 -2.58 9.74 36.64 -26.42 41.24 -4.80 5.52 7.58 6.45 

G+Q+EY1 -73.84 -15.97 -4.25 7.58 -52.27 42.67 -3.56 3.19 6.57 6.68 

G+Q+EY2 -78.99 -16.52 3.64 8.73 -54.88 42.89 -3.66 2.10 4.88 6.99 

G+Q-EX1 -73.95 3.27 -4.55 -37.34 26.89 39.52 -3.85 -6.91 2.28 3.82 

G+Q-EX2 -72.57 3.44 -9.41 -37.48 27.92 39.54 -4.57 -5.58 2.48 -2.58 

G+Q-EY1 -66.08 14.66 -4.58 -6.59 48.11 38.59 -4.12 -3.77 4.08 1.71 

G+Q-EY2 -62.57 19.98 -4.87 -8.85 50.57 38.97 -4.26 -2.52 4.14 -1.29 
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Table 8. Numerical analysis results of Column 4 for Case 2. 

Load Ni V2i V3i M2i M3i Nj V2j V3j M2j M3j 

Unit kN kNm kN kNm 

G+Q+EX1 -72.28 4.88 9.47 34.93 18.25 44.22 -1.67 6.92 5.38 2.52 

G+Q+EX2 -72.68 5.54 9.85 34.26 24.78 44.07 -2.58 5.23 5.92 2.25 

G+Q+EY1 -77.78 -9.46 -1.29 8.38 -52.91 54.78 2.77 2.67 4.47 2.29 

G+Q+EY2 -76.62 -9.67 -1.97 -8.18 -46.28 44.89 1.20 2.56 5.42 2.71 

G+Q-EX1 -73.05 -3.20 -9.97 -36.55 -36.44 43.55 -2.11 -4.29 2.50 5.85 

G+Q-EX2 -74.64 -3.58 -9.48 -35.22 -33.56 43.52 -2.13 -4.71 1.77 5.29 

G+Q-EY1 -69.17 12.88 -1.26 -8.20 45.69 41.17 -6.17 2.58 3.70 5.33 

G+Q-EY2 -69.28 10.45 -1.58 8.84 40.33 41.69 -4.59 2.93 2.59 5.19 

 

5. Conclusions 

In this study, it is aimed to understand and show how 
important the non-structural elements are for the bear-
ing capacities of the structures. For this purpose, in this 
study, Zonguldak Bulent Ecevit University laboratory 
building was selected for 3D modeling. After the building 
was modeled, machine load was given to the building 
and it was analyzed for two different situations (Cases 
1and 2). Empty floor is named as Case 1 and floor with 
machine loads is named as Case 2 in this study. Consid-
ering the results of the analysis, it will be useful to con-
sider the below suggestions: 
 As seen these numerical results, nonstructural ma-

chines clearly affect the carrying loads (Ni, V2i, V3i, 
M2i, M3i, Nj, V2j, V3j, M2j, M3j) on carrying elements 
of the reinforced concrete buildings.  

 When compared Cases 1 and 2, more normal loads are 
obtained for Case 2.  

 Buildings with significant machine loads, such as la-
boratories, should be modelled taking into account 
these machine loads. 

 It is obviously suggested that all machines on the 
damaged floor of the building must be removed. Be-
cause machine loads significantly increase the loads 
on all carrying elements. 
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