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In this study, it is aimed to reveal how anchored and unanchored non-structural
elements (NEs) in reinforcement concrete (RC) library structures change the
earthquake behaviors of these structures. A library structure is selected for
three-dimensional (3D) analysis. First, seismic shake table tests are performed
for selected NEs modeled with/without anchorage to the structure. Owing to
these seismic tests, the largest seismic displacement values that occurred
during 10 different earthquakes on each anchored and unanchored NE are
acquired. Then, special seismic loads (e.g., high bookcase loads and heavy table
loads) of anchored and unanchored NEs are calculated, taking into account the
ASCE/SEI 7-16 seismic design code and the 2018 Turkish Building Earthquake
Code (TBEC). Seismic spring values of NEs are calculated using the obtained
seismic forces and maximum seismic displacements for the NEs. Then, these
spring values are applied to the base of the NEs in the 3D model of the structure,
and 10 different earthquake analyses are conducted for the library structures
with anchored and unanchored NEs. According to the numerical results, the
seismic effects of NEs on the earthquake behavior of RC library structures are
evaluated for two different seismic design codes in detail, and it is concluded
that NEs should not be neglected while modeling and analyzing RC library
structures. It is seen from the seismic analyses that for the TBEC, 37, 56, and
126 mm maximum seismic displacements are observed on the library structure
for structures without NEs, structures with unanchored NEs, and structures with
anchored NEs, respectively. Moreover, for the ASCE code, 32, 45, and 119 mm
maximum displacements are seen on the library structure for structures without
NEs, structures with unanchored NEs, and structures with anchored NEs,
respectively. It is clearly understood that anchored or unanchored NEs have
different seismic effects on the 3D earthquake behavior of library structures.
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Introduction

Recently, it has become very important that structural and
non-structural elements (NEs) in library structures are in
harmony with each other during an earthquake. Considering
the earthquakes that occurred in the past, it has been observed
that many deaths occurred due to NEs being damaged during
ground motions. If NEs are damaged, evacuating from structures
becomes difficult for people. In addition, damage to NEs in less
strong earthquakes limits the functionality of critical structures
(e.g., hospitals, library buildings, and fire stations). As a result,
considering that NEs constitute 70%-80% of the total
construction cost and can cause great loss of property and life
damage, the investigation of the seismic behavior of these
elements is of great importance in terms of earthquake
engineering. Moreover, the failure of NEs can affect the
operational capacity of critical facilities, such as libraries,
hospitals, and fire stations, which can cause an increase in the
number of deaths (Cicek and Sar, 2020). In the literature, there
are no studies on the seismic behavior of NEs in library
the
performance-based seismic design of NEs were observed in

structures. Consistent floor response spectra for

detail, and an improved procedure was developed for
estimating consistent floor response spectra for building
structures subjected to low and medium-high seismic
2019). Then, the

performance of NEs during the 2016 central Italy earthquake

intensities (Merino et al., seismic
was investigated, and it highlighted the need to introduce seismic
regulations devoted to improving the seismic performance of
NEs and reducing the associated economic losses, loss of
functionality, and potential threats to life safety (Perrone
et al, 2019). In addition, relative displacement floor spectra
for the seismic design of NEs were assessed, and a new
method was proposed to predict the floor spectra on the
single-degree-of-freedom supporting structures (Calvi, 2014).
Seismic acceleration demands on building NEs were evaluated
in detail, and the results showed that even low levels of non-
linearity in the NEs or their attachment to the structure lead to
significant reductions in acceleration demands (Kazantzi et al.,
2020). Earthquake damages to NEs in the RC buildings during
the 2011 Van earthquake were observed, and it was shown that to
limit the failure of NEs enclosed within an RC frame, design and
construction requirements should be included in the seismic
code by adopting suitable solutions for both in-plane and out-of-
plane behavior (Yon et al, 2019). Then, strength-reduction
factors for the design of light NEs in buildings were
investigated, and approximate equations to estimate
component strength-reduction factors computed through non-

linear regression analyses were proposed (Kazantzi et al., 2020).

Frontiers in Materials

02

Floor response spectra for moderately heavy NEs attached to
ductile frame structures were evaluated in detail, and it was
evidenced that the proposed methodology delivers sufficiently
accurate predictions of the seismic peak response of simple
vibration-prone NEs on ductile load-bearing structures (Adam
et al,, 2013). The seismic behavior of NEs in recent earthquakes
was investigated, and it was indicated that in Haiti, structural and
the
2010 earthquake, and much of the structural damage was

non-structural ~ damages were widespread  after
caused by the unintended interaction between rigid non-
structural infill walls and light RC frames (Fierro et al., 2012).
Moreover, the automated seismic design of NEs was evaluated,
and the effectiveness of using building information models in the
seismic design of NEs was discussed (Perrone and Filiatrault,
2017). The cost-based design of NEs for tall buildings under
extreme wind environments was assessed in detail, and a
systematic comparative cost-based analysis was proposed
considering the damage on the NE level induced by extreme
wind loads (Lerimonti et al., 2019). Then, damage to NEs in the
2016 Kaikoura earthquake was evaluated. Damage to NEs in
multi-story commercial buildings was the focus, in particular,
damage to the following: suspended ceilings, suspended services,
glazing, precast panels, internal linings, seismic gaps, and
contents (Baird and Ferner, 2017). The seismic behaviors of
NEs during the 2003 Iran earthquake were observed. Some
that be

modification of the “Guidelines for the Seismic Retrofit of

recommendations were made will useful for
Existing Buildings,” which is the only official reference used
currently in Iran (Hosseini, 2005). Furthermore, a comparison of
the building code for the design of NEs was carried out, and it was
indicated that damages to NEs such as access floors,
telecommunication equipment, and others have caused the
interruption of operations and large economic losses (Kug-
Kwan et al., 2013). In another study, the performance of steel
buildings and NEs during the 27 February 2010 Maule (Chile)
earthquake was observed, and a summary of structural and non-
structural damages in the buildings and a comparison of Chilean
and Canadian design practices for steel buildings were presented
(Saatcioglu et al., 2013). The seismic performance of NEs in the
wood frame structures was investigated, and it was concluded
that the allowable seismic mass can be significantly increased
when NEs are included in the design, in some cases, to more than
70% (Lindt and Liu, 2007). Braga et al. examined the
performance of non-structural components in RC buildings,
considering strong ground motions. According to numerical
analyses, it was concluded that a comprehensive approach to
NSE, including infills and partitions in RC-framed buildings, is
currently not available (Braga et al., 2011). Mosqueda et al.

performed experimental tests of non-structural components
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FIGURE 1

Application of calculated seismic design loads to the structure (Murty et al., 2012; Cavuslu, 2022).
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FIGURE 2
Acceleration histories acting on different floors (Murty et al.,
2012; Cavuslu, 2022).

under full-scale floor motions. The new testing capabilities
the
component simulator (UB-NCS) are described to demonstrate
the improved and more realistic qualification procedures that can
be achieved (Mosqueda et al., 2009). Challagulla et al. assessed
the seismic response of structures with sliding NEs. A numerical

provided by University at Buffalo non-structural

model that describes the response of the single-degree-of-
freedom (SDOF) structure supporting two rigid blocks with a
possibility to slide was developed (Challagulla et al., 2020).
Moreover, Sullivan (2020), Berto et al. (2020), Gabbianelli
et al. (2020), Filiatrault et al. (2021), Merino et al. (2020),
Zhai et al. (2016), Hofer et al. (2018), and Cicek and Sar
(2020) investigated the effects of NEs on the earthquake
behavior of the structures.
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FIGURE 3
Modeling of anchored and unanchored NEs in seismic
analyses (Cavuslu, 2022).
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FIGURE 4
View of the anchorage rod for NEs (Cavuslu, 2022).

These studies in the literature show that there are no studies
on the seismic performance of anchored and unanchored NEs
during earthquakes in library structures. In addition, according
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Earthquake Force

FIGURE 5
Placing spring elements of NEs to the library structure (Cavuslu, 202

to seismic design codes, seismic effects of anchored and
unanchored NEs on 3D earthquake performances of RC
library buildings have not been observed in the past in detail.
Therefore, one of the most important objectives of this study is to
determine the behavior of anchored and unanchored library NEs
during earthquakes using the ASCE 7-15 seismic design code and
the 2018 Turkish Building Earthquake Code (TBEC).
Furthermore, in the literature, it is observed that seismic
spring values of NEs are not used for modeling or are
considered a random value. For this reason, another aim of
this study is to calculate the spring values of library NEs as a near-
real value using shake table tests and special seismic design codes.
Consequently, this research study is very significant to fill these
absences in the literature.

Scope of the study

In this study, the non-linear seismic behavior of an RC library
building is observed in view of different NEs and fault distances.
All structural elements (beams, columns, and foundations) are
modeled according to the original project. First, seismic shake
table tests are conducted for selected library NEs under
10 different near-fault and far-fault earthquakes. Due to these
seismic tests, the largest seismic displacement values that
occurred during these various earthquakes on each anchored
and unanchored NE are acquired. Then, special seismic design
loads of library NEs are calculated using seismic design codes
(TBEC and ASCE) specially derived for selected NEs. The ASCE
regulation is used by many countries of the world for the design
of structures. Furthermore, Turkey is located in a very important
earthquake zone, and the TBEC is used for modeling and analysis
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FIGURE 6
View of NEs in library buildings: (A) table and (B) bookcase
(Cavuslu, 2022).

of structures in Turkey. For this reason, these two important
regulations are considered for the seismic analysis of RC library
structures in this study. By using the maximum seismic
displacement values obtained as a result of the shake table
tests and the calculated seismic design codes, specific seismic
spring values are calculated for each NE. Moreover, in this study,
it is aimed to reveal that the seismic behaviors of anchored and
unanchored NEs are different from each other and that anchored
and unanchored NEs have different seismic effects on the seismic
behaviors of library structures. For this purpose, an RC library
structure is analyzed only by considering the structural elements
(without NEs). Then, NEs are modeled in the RC structure by
considering calculated seismic spring values, and the building is
analyzed considering anchored and unanchored NEs. According
to the 3D numerical analysis results, seismic displacements,

seismic moments, and spectral accelerations for buildings
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TABLE 1 Geometrical properties of NEs (Cavuslu, 2022).

Non-structural elements Width (m) Height (m) Weight (kN)
Bookcase 1.3 22 0.5 3.1
Table ‘ 1.8 0.9 11 35

with the calculation of the design forces of the elements in the
horizontal and/or vertical directions (Figure 1).

Lately, many countries have made a particular provision
about the seismic force design of NEs (such as the
2018 Turkish Building Earthquake Code (TBEC), ASCE/SI 7-
30, Eurocode 8, International Building Code, Uniform Building
Code, and New Zealand Code). Anchored NEs can be modeled
according to these force-based seismic design codes (Cavuslu,
2022). While anchored NEs are modeled according to the seismic
design method, it is proposed that NEs should be modeled in the
structure as if these are horizontal/vertical forces (Figure 1).
Within these requirements, separate formulations have been

formed for each NE. While ground motion affects the
FIGURE 7 structure base, it is evident that each floor level has variable
General view of a shake table (Cavuslu, 2022). earthquake acceleration values (Figure 2). To put it another way,
seismic design forces of anchored NEs are calculated separately
for each floor of the structure (Cavuslu, 2022). Also, while
modeling unanchored NEs, special spring elements are
with/without NEs and buildings with anchored/unanchored NEs defined under the element. Unanchored NEs are modeled by
are compared in detail. As a result of numerical analyses, it is defining a special spring at their base (Figure 3).

aimed to investigate how anchored or unanchored NEs change
the seismic behavior of RC structures.

Shake table tests

Force-based seismic design of Non-structural elements (NEs) have enormous structural
anchored and unanchored NEs effects on the seismic behavior of library structures (Cavuslu,
2022). However, NEs are not given sufficient importance in
In the literature, it is observed that NEs have not been taken structural engineering, and these elements are not included in
into account in structural modeling. The assumption that NEs structural modeling and structural analyses. For this reason, to
do not carry any force is the main reason for this. However, eliminate this deficiency in the literature, the seismic behavior of
many recent studies show that NEs meaningfully affect the NE:s is determined using shake table tests (Cavuslu, 2022). In the
seismic behaviors of the structures, and the importance of NEs shake table tests, two different library NEs (table and bookcase)
has just begun to be understood consistently with these studies are used, and a total of 10 different earthquake analyses are
(Cavuslu, 2022). Ensuring the safety of humans and other performed for shake table tests PEER, NGA (2010). The
creatures is the main purpose of designing the seismic earthquakes wused in the experiments are important
behavior of NEs. To this end, efforts are made to fix NEs to earthquakes that occurred in different parts of the world
the supporting structure and to minimize the possibility of (Cavuslu, 2022). Seismic tests are started by defining the
internal damage to NEs, especially in critical facilities. The earthquake accelerations to the shake table. Shake table tests
seismic design requirements used in many countries have are performed for situations with anchored and unanchored NEs
shown that NEs are designed based on the basic assumption (Cavuslu, 2022). Special anchor rods are manufactured to anchor
that they can be dynamically separated from the structural NEs to the shake table, as seen in Figure 4.
system to which they are anchored (Cavuslu, 2022). When the In the experimental tests, one end of the anchor rods is fixed
standards for the seismic design of NEs in places such as the to the shake table and the other end is fixed to the feet of the NEs.
United States, Turkey, Europe, and New Zealand are observed, To understand whether the anchoring is carried out correctly or
it is observed that the seismic design of anchored NEs begins not, two accelerometers are used on the feet of the NEs and the

Frontiers in Materials 05 frontiersin.org


https://www.frontiersin.org/journals/materials
https://www.frontiersin.org
https://doi.org/10.3389/fmats.2022.1066129

Karalar et al.

TABLE 2 Mechanical properties of a shake table (Cavuslu, 2022).

10.3389/fmats.2022.1066129

Case Earthquake My Distance (km) A, (9) Vp, (cm/s) Tp ()
Near fault 1 1999 Kocaeli 7.6 6 1.38 115 8.4
2 1994 Northridge 6.7 10 1.07 104 7.3
3 1989 Loma Prieta 6.9 15 0.89 94 6.7
4 1999 Chi-Chi 7.6 22 1.02 83 5.2
5 1999 Diizce 7.2 27 0.86 77 4.5
Far fault 6 1995 Kobe 6.9 35 0.21 65 4.4
7 1992 Landers 7.3 42 0.29 52 4.1
8 1979 Imperial Valley 6.5 53 0.36 48 37
9 1976 Friuli 6.5 67 0.37 43 33
10 1992 Cape Mendocino 7.2 71 0.39 35 2.9

shake table. The results of the earthquake analyses show that the
seismic accelerations on the feet of the NEs and the shake table
are the same (Cavuslu, 2022). For this reason, it is concluded that
the anchoring process of NEs to the shake table is carried out
correctly. As a result of the earthquake analyses, time-dependent
acceleration and displacements that occurred during the
earthquake on the anchored and unanchored NEs are
acquired in detail (Cavuslu, 2022). Then, using different
seismic design codes (ASCE 7-15 and the 2018 TBEC)
produced for NEs, seismic design loads are calculated for two
different NEs. The 2018 TBEC is based on the “Italian Building
Instruction for Construction in Earthquake Region” developed in
1940. Later, “Italian Building Instruction for Construction in
Earthquake Region” was revised in 1944, 1949, 1953, 1962, 1968,
1975, 1998, 2007, and 2018, and finally, the 2018 TBEC Disaster
and Emergency Management Presidency (2018) is used for
modeling and analysis of structures in Turkey (Bilgin et al.,
2022; Isik, 2022; Yel et al., 2022). Moreover, ASCE standards are
updated or reaffirmed by the same process every 5-10 years.
These seismic loads are calculated for all floors of the library
building (Cavuslu, 2022). Finally, seismic stiffness parameters are
calculated for each NE using the direct stiffness method
(Figure 5), and these stiffness parameters are used for the
three-dimensional modeling of NEs.

Test specimen geometry

In this section, the geometric properties of NEs used in
experimental tests are explained in detail (Cavuslu, 2022). The
view of NEs used in experimental tests is shown in Figure 6.
Figure 6 shows that the selected NEs for the experimental tests
are the elements that are often used in the RC library
structures (Cavuslu, 2022). Moreover, the height, width,
and depth of the elements are shown in Table 1. Table 1
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shows that the height of the bookcase and table is 2.2 and
0.9 m, respectively.

Shake table test setup

The shake table used in the experimental tests has six
different degrees of freedom. The general view of the shake
table test is shown in Figure 7 (Cavuslu, 2022). The size of the
shake table is 2.5 x 2.5 m. The surge position/rotation of the
shake table is + 0.34 m. The surge velocity/angular velocity of
the shake table is + 0.7 m/s. The surge acceleration/angular
acceleration of the shake table is + 6 m/s* (Cavuslu, 2022).
Furthermore, the sway position/rotation of the shake table
is = 0.34 m. The sway velocity/angular velocity of the shake
table is + 0.7m/s. The sway acceleration/angular
acceleration of the shake table is + 6 m/s? (Cavuslu, 2022).
Then, the roll position/rotation of the shake table is + 18°.
The roll acceleration/angular acceleration of the shake table
is +220°/s”. The pitch and yaw position/rotation of the shake
table are +18" and + 24°, respectively. The pitch acceleration/
angular acceleration of the shake table is + 220%/s>. These
numerical properties of the shake table are shown in Table 2
There are four SeNEBox 7021 single-axis
SeNEBox 7023
accelerometers in the shake table device (Cavuslu, 2022).

in detail.

accelerometers and four triaxial

Due to their low noise and high resolution, they can be used
measurements, strong ground motion
health
monitoring, and modal analysis applications (Cavuslu,

in  seismic

measurements,  building  control,  building
2022). These accelerometers are very effective sensors that
have 130 ng/Hz ultra-low noise and force/electro-dynamic
feedback. All accelerometers are capable of receiving data in
the range of + 3g and 2,400 mV/g sensitivity (Cavuslu,

2022). Then, in the shake table device, there are four

frontiersin.org
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TABLE 3 Mechanical properties of earthquakes (Cavuslu, 2022).

Position/rotation

10.3389/fmats.2022.1066129

Velocity/angular velocity

Acceleration/angular acceleration

Surge +0.34 m +0.7 m/s +6 m/s’
Sway +0.33 m +0.7 m/s +6 m/s®
Heave +0.34 m +0.55 m/s +8 m/s’
Roll +18° +33%/s +220°/s*
Pitch +18° +34°/s +220°/s’
Yaw +24° +33%/s +300°/s*
FIGURE 8

View of a table NE on the shake table (Cavuslu, 2022).

position meters (LVDT) that can measure with 77 um
precision in order to measure position data. In addition,
the characteristic properties of earthquakes used for shake
table tests of NEs are given in Table 3 (Cavuslu, 2022).

Shake table test results for a table NE

In this section, views of the seismic test of the heavy table
which is an NE frequently used in library structures are shown in
Figures 8A-F (Cavuslu, 2022). Figures 8A, E show the placement
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of the table on the shake table and the general view of the
accelerometers. In Figures 8B,C, a view of the connection cables
of accelerometers connected to the table is shown (Cavuslu,
2022). Due to these connection cables, acceleration values are
defined from the computer to the shake table. In addition, views
of the accelerometers placed on the table and views of LVDT
placed to acquire displacement measurements are shown in
Figure 8F. Additionally, Figure 8D shows the view of the table
being anchored to the shake table (Cavuslu, 2022).

In Tables 4, 5, the shake table test results of the table are
assessed by considering 10 different earthquakes. According

frontiersin.org
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TABLE 4 Maximum seismic acceleration results for different NEs (Cavuslu,
2022).

10.3389/fmats.2022.1066129

TABLE 5 Maximum seismic displacement results for different NEs (Cavuslu,
2022).

Anchorage status Library Earthquake Anchorage status Library
structure structure
Table (m/s?) Table (mm)

1 Kocaeli Anchored 53 1 Kocaeli Anchored 23
Not anchored 1.2 Not anchored 36.3

2 Northridge Anchored 5.6 2 Northridge Anchored 25
Not anchored 25 Not anchored 321

3 Loma Prieta Anchored 6.8 3 Loma Prieta Anchored 2.6
Not anchored 1.3 Not anchored 26.9

4 Chi-Chi Anchored 8.9 4 Chi-Chi Anchored 22
Not anchored 2.4 Not anchored 29.7

5 Diizce Anchored 5.9 5 Diizce Anchored 29
Not anchored 2.7 Not anchored 24.1

6 Kobe Anchored 5.6 6 Kobe Anchored 4.1
Not anchored 1.8 Not anchored 28.6

7 Landers Anchored 8.6 7 Landers Anchored 4.2
Not anchored 2.8 Not anchored 31.6

8 Imp.Valley Anchored 7.6 8 Imp. Valley Anchored 32
Not anchored 1.4 Not anchored 287

9 Friuli Anchored 7.6 9 Friuli Anchored 39
Not anchored 1.9 Not anchored 27.8

10 Cape Mend Anchored 6.2 10 Cape Mend Anchored 34
Not anchored 1.8 Not anchored 23.6

to Table 4, an acceleration value of 5.38 m/s” is observed on
the anchored NE (Cavuslu, 2022). In addition, for case 1, a
maximum acceleration value of 1.26 m/s? is found on the
unanchored NE. For case 2, it is observed that the peak
acceleration values (PAVs) on anchored and unanchored
NEs are 5.66 m/s* and 2.53 m/s®, respectively (Cavuslu,
2022). Moreover, the highest acceleration value that
occurred on the anchored NE for case 3 is 6.81 m/s?, and
the PAV observed on the unanchored NE is 1.35 m/s?. It is
understood that for case 4, maximum accelerations of
8.89m/s> and 2.41 m/s*
unanchored NEs, respectively (Cavuslu, 2022). For case 5,

occurred on anchored and

a maximum acceleration of 5.92m/s* is found on the
anchored NE. It is concluded that the highest acceleration
value observed on the unanchored NE for case 6 is much
smaller than that on the anchored NE. The PAVs for case
7 on the anchored and unanchored tables are 8.64 m/s* and
2.86 m/s?, respectively (Cavuslu, 2022). For case 8, it is
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observed that the highest acceleration value on the
anchored NE is 7.61 m/s*>. Moreover, for cases 9 and 10,
the highest acceleration values on the anchored NE are
7.63 m/s> and 6.19 m/s*, respectively. For case 10, the
largest acceleration value on the unanchored NE is 1.86 m/
s> (Cavuslu, 2022).

information is acquired about seismic effects that may

From these results, important
occur in the library structure if a table, which is frequently
used in library buildings, is anchored to the structure or not
anchored. In Table 5, the seismic displacement test results of
the table, which is frequently used in library structures, are
presented. For case 1, the largest displacement which
occurred on the anchored NE is 2.3 mm (Cavuslu, 2022).
In addition, the peak displacement value obtained on the
unanchored NE is 36.3 mm. It is observed that for case 2, the
highest displacement values on anchored and unanchored
NEs are 2.5 mm and 32.1 mm, respectively. For case 3, the

maximum displacement acquired on the anchored NE is
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FIGURE 9
View of a bookcase NE on the shake table (Cavuslu, 2022).

10.3389/fmats.2022.1066129

Acceleramete:

2022).
displacements obtained on anchored and unanchored NEs

2.6 mm (Cavusluy, Moreover, if maximum
for case 3 are compared with each other, it is understood that
the unanchored NE has more displacement during the
earthquake. Furthermore, for case 4, it is observed that
anchored and unanchored NEs moved 2.26 and 29.7 mm
during the earthquake, respectively (Cavuslu, 2022). For
case 5, the highest displacement value gained on the
unanchored NE is 24.1 mm. According to Table 5, for case
6, it is determined that the anchored NE has a maximum
displacement of 4.1 mm during the earthquake. Furthermore,
the largest displacement value on the unanchored NE is
28.6 mm. For case 7, anchored and unanchored NEs have
maximum displacements of 4. and 31.6 mm during the
Then, it is
observed that the peak displacement value obtained on the

earthquake, respectively (Cavuslu, 2022).

anchored NE for case 8 is 3.2 mm. Also, for case 8, it is
observed that the unanchored NE moved 28.7 mm during the
earthquake. The highest displacement value acquired on the
anchored NE for case 9 is 3.9 mm (Cavuslu, 2022). Moreover,
according to Table 5, it is observed that the unanchored NE
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has a maximum displacement of 27.8 mm for case 9. Finally,
for case 10, it is seen that the largest displacements of the
anchored and unanchored tables are 3.4 mm and 23.6 mm,
respectively. From these results, it is concluded that the
unanchored table has much more displacement during the
earthquake than the anchored table. These results show the
researchers the importance of anchoring the table to the
structure.

Shake table test results for a
bookcase NE

Another NE used in library structures that people frequently
use is bookcases. Bookcases are one of the NEs that need to be
anchored within library structures. During an earthquake, the
most important NEs destroyed in the library structures are
bookcases (Cavuslu, 2022). For this reason, it is vital to
examine the seismic behavior of NEs in library structures
such as bookcases. In this study, earthquake behaviors of
bookcases are investigated using shake table tests and
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TABLE 6 Maximum seismic acceleration results for different NEs (Cavuslu,
2022).

Anchorage status Library

structure

Bookcase (m/s?)

10.3389/fmats.2022.1066129

TABLE 7 Maximum seismic displacement results for different NEs (Cavuslu,
2022).
Case  Earthquake

Anchorage status Library

structure

Bookcase (mm)

1 Kocaeli Anchored 18.1 1 Kocaeli Anchored 16.1
Not anchored 7.3 Not anchored 94.1
2 Northridge Anchored 19.3 2 Northridge Anchored 83
Not anchored 11.4 Not anchored 88.7
3 Loma Prieta Anchored 18.4 3 Loma Prieta Anchored 11.8
Not anchored 13.7 Not anchored 91.6
4 Chi-Chi Anchored 13.8 4 Chi-Chi Anchored 12.6
Not anchored 7.9 Not anchored 93.8
5 Diizce Anchored 19.1 5 Diizce Anchored 13.6
Not anchored 9.3 Not anchored 87.3
6 Kobe Anchored 18.8 6 Kobe Anchored 12.7
Not anchored 122 Not anchored 93.5
7 Landers Anchored 19.8 7 Landers Anchored 11.1
Not anchored 8.6 Not anchored 105.9
8 Imp.Valley Anchored 13.9 8 Imp. Valley Anchored 13.7
Not anchored 8.4 Not anchored 108.1
9 Friuli Anchored 17.2 9 Friuli Anchored 10.1
Not anchored 10.1 Not anchored 107.7
10 Cape Mend Anchored 294 10 Cape Mend Anchored 9.6
Not anchored 13.1 Not anchored 97.4

10 different earthquakes. General views of bookcases used for
shake table tests are shown in Figures 9A-H (Cavuslu, 2022).
Seismic acceleration values obtained during the shake
table tests on the bookcase are presented depending on time.
When Table 6 is assessed in detail, it is clearly observed that
there are great differences in the highest acceleration values
acquired on anchored and unanchored NEs for case 1
(Cavuslu, 2022). For case 2, the greatest acceleration value
observed on the anchored NE is 19.3 m/s®. Moreover, the
peak acceleration value obtained on the unanchored NE is
11.4 m/s> Then, it is observed that the acceleration values for
the anchored NE for case 3 are much greater than those for
the unanchored NE. For case 3, maximum acceleration values
of 18.4m/s* and 13.7 m/s* are observed for anchored and
the highest
acceleration value gained on the anchored NE for case 4 is
13.8 m/? (Cavuslu, 2022). According to Table 6, for case 4, it
is clearly understood that the unanchored NE has a

unanchored NEs, respectively. Moreover,
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maximum acceleration of 7.9 m/s*> during the earthquake.
For case 5, the greatest acceleration values observed on the
anchored and unanchored NEs are 19.1 m/s*> and 9.3 m/s?,
respectively (Cavuslu, 2022). In Table 6, it is observed that
the maximum acceleration value measured on the anchored
bookcase is 18.8 m/s* In addition, the peak acceleration value
acquired for the unanchored NE is 12.2 m/s* for case 6. When
case 7 is assessed in detail, the maximum acceleration values
measured on the anchored and unanchored bookcases are
19.8 m/s” and 8.6 m/s’, respectively. The largest acceleration
values gained on the anchored NE for cases 8 and 9 are
13.9 m/s* and 17.2 m/s?, respectively. Moreover, the highest
acceleration values measured on the unanchored bookcase
for both cases are 8.4 m/s*> and 10.1 m/s®, respectively
(Cavuslu, 2022). For case 10, the peak acceleration value
obtained on the anchored NE is 29.4 m/s>. In Table 7,
displacement results of the shake table test that was
conducted on the bookcase for 10 different earthquakes
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are presented. According to Table 7, the highest displacement
values measured on the bookcase for case 1 are presented
considering the anchored and unanchored conditions of the
NE. For case 1, it is openly understood that a maximum
displacement of 16.1 mm is obtained on the anchored NE
during the earthquake (Cavuslu, 2022). However, it can be
observed that a maximum displacement of 94.1 mm occurred
for case 1 on the unanchored NE. According to Table 7, the
peak displacement values measured on anchored and
unanchored NEs for case 2 are 8.3 mm and 88.7 mm,
respectively. The highest displacement value acquired on
the anchored bookcase for case 3 is 11.8 mm. Moreover,
the largest displacement value obtained on an unanchored
bookcase is 91.6 mm for case 3 (Cavuslu, 2022). It is clear
from these results that for anchored NEs, the anchor material
explodes during the earthquake and bookcases topple over.
In addition, it is clearly understood that unanchored
bookcases have great displacements during the earthquake,
and these NEs fall over. For this reason, high bookcases
should be carefully anchored to the library structures both
vertically and horizontally to prevent them from tipping over
during strong ground motion. According to case 4, the peak
displacement value gained on the anchored NE is 12.6 mm
(Cavuslu, 2022). In addition, the largest displacement on the
unanchored NE for case 4 is 93.8 mm. When Table 7 is
observed that the highest
observed on the anchored and

assessed in detail, it is
displacement values
unanchored bookcases for case 5 are 13.6mm and
87.3 mm, respectively (Cavuslu, 2022). For case 6, the
largest displacement value observed on the anchored
Furthermore, the highest

displacement value acquired on the unanchored NE for

bookcase is  12.7 mm.
case 6 is 93.5mm. For case 7, the peak displacement
values obtained for anchored and unanchored bookcases
11.1 and 105.9 mm,
displacement values observed on the anchored NE for

are respectively. The maximum
cases 8 and 9 are 13.7 and 10.1 mm, respectively. Finally,
the greatest displacement values obtained on the anchored
and unanchored bookcases for case 10 are 9.6 and 97.4 mm,
respectively (Cavuslu, 2022).

Determination of seismic stiffness
parameters of NEs

When the literature is observed in general, it is clearly
understood that the seismic stiffness parameters of NEs are
included in the numerical analysis as a random value
(Cavuslu, 2022). In this study, the seismic stiffness parameters
of NEs are obtained from experimental tests. After shake table
tests for NEs in a library building are performed, earthquake
accelerations and displacements obtained for each NE are
summarized in Tables 4-7 (Cavuslu, 2022). When Tables 4-7
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TABLE 8 Seismic design forces of NEs for the ASCE 7-16 code (Cavuslu,
2022).

Library structure

Table (kN) Bookcase (kN)

‘ 2 1.95 1.82 ‘
‘ 3 2.46 2.33 ‘
‘ 4 2.99 2.89 ‘

TABLE 9 Seismic design forces of NEs for TBEC-2018 (Cavuslu, 2022).

Library structure

Table (kN) Bookcase (kN)

‘ 2 227
‘ 3 2.86 2.71 ‘
‘ 4 3.48 3.36 ‘

are evaluated in detail, it is observed that the maximum
acceleration and displacement values on each NE are different
from each other. Moreover, it has been understood that the
maximum acceleration and displacement values obtained in
anchored and unanchored NEs are very different from each
other (Cavuslu, 2022). The seismic stiffness parameters of each
NE are acquired by considering the largest displacement values
that occurred according to the shake table tests. While calculating
the seismic stiffness parameters, the direct stiffness method is
used. According to this method, stiffness parameters are
calculated according to the following formula (Eq. 1)
(Cavuslu, 2022):

F=kxu. (1)

In Eq. 1, the symbol F is the seismic force on the NE.
Moreover, k and u shown in Eq. 1 are the seismic stiffness
parameter of the NE and the displacement values obtained from
the shake table tests, respectively, and the seismic forces of the
NEs shown with F in the formulation are calculated by
considering two different seismic design standards (Cavuslu,
2022). These standards are the ASCE 7-16 ASCE/SI 7-16 (2017)
code and 2018 TBEC. Standards have produced seismic design
formulations for NEs and the seismic design forces calculated
according to these standards are shown in Table 8 and Table 9.
When Table 8 and Table 9 are examined, different force values
are obtained by using different variables for each NE. In
addition, calculations are performed for four floors of a
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TABLE 10 Calculated seismic stiffness parameters of NEs for 10 different cases under the ASCE 7-16 code (Cavuslu, 2022).

Seismic springs of NEs for 10 cases under the ASCE 7-16 code (kN/mm)

Floor Case 1 Case 2 Case 3 Case 4 Case 5
Table Bookcase Table Bookcase Table Bookcase Table Bookcase Table Bookcase
1 Anchored 0.643 0.083 0.592 0.161 0.569 0.114 0.673 0.106 0.510 0.099
Unanchored 0.041 0.014 0.046 0.015 0.055 0.015 0.050 0.014 0.081 0.021
2 Anchored 0.848 0.113 0.780 0.219 0.750 0.154 0.886 0.144 0.672 0.134
Unanchored 0.054 0.019 0.061 0.021 0.072 0.020 0.066 0.019 0.081 0.021
3 Anchored 1.070 0.145 0.984 0.281 0.946 0.197 1.118 0.185 0.848 0.171
Unanchored 0.068 0.025 0.077 0.026 0.091 0.025 0.083 0.025 0.102 0.027
4 Anchored 1.300 0.180 1.196 0.348 1.150 0.245 1.359 0.229 1.031 0.213
Unanchored 0.082 0.031 0.093 0.033 0.111 0.032 0.101 0.031 0.124 0.033
Floor Anchorage situation Case 6 Case 7 Case 8 Case 9 Case 10
Table Bookcase Table Bookcase Table Bookcase Table Bookcase Table Bookcase
1 Anchored 0.361 0.106 0.352 0.121 0.463 0.098 0.379 0.133 0.435 0.140
Unanchored 0.068 0.019 0.062 0.017 0.068 0.017 0.070 0.017 0.083 0.019
2 Anchored 0.476 0.143 0.464 0.164 0.609 0.133 0.500 0.180 0.574 0.190
Unanchored 0.068 0.019 0.062 0.017 0.068 0.017 0.070 0.017 0.083 0.019
3 Anchored 0.600 0.183 0.586 0.210 0.769 0.170 0.631 0.231 0.724 0.243
Unanchored 0.086 0.025 0.078 0.022 0.086 0.022 0.088 0.022 0.104 0.024
4 Anchored 0.729 0.228 0.712 0.260 0.934 0.211 0.767 0.286 0.879 0.301
Unanchored 0.105 0.031 0.095 0.027 0.104 0.027 0.108 0.027 0.127 0.030
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TABLE 11 Calculated seismic stiffness parameters of NEs for 10 different cases under TBEC-2018 (Cavuslu, 2022).

Seismic springs of NEs for 10 cases under TBEC-2018 (kN/mm)

Floor Anchorage situation Case 1 Case 2 Case 3 Case 4 Case 5
Table Bookcase Table Bookcase Table Bookcase Table Bookcase Table Bookcase
1 Anchored 0.748 0.097 0.688 0.188 0.662 0.132 0.782 0.124 0.593 0.115
Unanchored 0.063 0.023 0.071 0.024 0.084 0.023 0.076 0.023 0.094 0.024
2 Anchored 0.987 0.132 0.908 0.255 0.873 0.180 1.032 0.168 0.783 0.156
Unanchored 0.063 0.023 0.071 0.024 0.084 0.023 0.076 0.023 0.094 0.024
3 Anchored 1.243 0.168 1.144 0.327 1.100 0.230 1.300 0.215 0.986 0.199
Unanchored 0.079 0.029 0.089 0.031 0.106 0.030 0.096 0.029 0.119 0.031
4 Anchored 1.513 0.209 1.392 0.405 1.338 0.285 1.582 0.267 1.200 0.247
Unanchored 0.096 0.036 0.108 0.038 0.129 0.037 0.117 0.036 0.144 0.038
Floor Anchorage situation Case 6 Case 7 Case 8 Case 9 Case 10
Table Bookcase Table Bookcase Table Bookcase Table Bookcase Table Bookcase
1 Anchored 0.420 0.123 0.410 0.141 0.538 0.114 0.441 0.154 0.506 0.163
Unanchored 0.079 0.023 0.072 0.020 0.079 0.020 0.082 0.020 0.096 0.022
2 Anchored 0.554 0.167 0.540 0.191 0.709 0.155 0.582 0.210 0.668 0.221
Unanchored 0.079 0.023 0.072 0.020 0.079 0.020 0.082 0.020 0.096 0.022
3 Anchored 0.698 0.213 0.681 0.244 0.894 0.198 0.733 0.268 0.841 0.282
Unanchored 0.100 0.029 0.091 0.026 0.100 0.025 0.103 0.025 0.121 0.028
4 Anchored 0.849 0.265 0.829 0.303 1.088 0.245 0.892 0.333 1.024 0.350
Unanchored 0.122 0.036 0.110 0.032 0.121 0.031 0.125 0.031 0.147 0.034
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(Cavuslu, 2022).

library building, and it is observed that the seismic NE loads
that occurred on each floor are very different from each other
(Cavuslu, 2022). NE loads increase from the lower floors of the
building to the upper floors. The seismic stiffness parameters of
each NE are calculated according to 10 different earthquakes
considering the calculated seismic loads and the largest
displacements on the NEs obtained from the shake table
tests. These calculated stiffness parameters are shown in
detail in Tables 10, 11. In addition, in Figure 10, 11, the
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stiffness values obtained for anchored and non-anchored

NEs are shown graphically.

3D modeling structural and NEs in a

library building

In this section, four multi-story RC library buildings

constructed in Zonguldak, Turkey, are chosen for 3D
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FIGURE 12
General view of a library building (Zonguldak Bulent Ecevit
University, 2019).

FIGURE 13
General view of NEs in the library building (Zonguldak Bulent
Ecevit University, 2019).

modeling, and SAP2000 software based on the finite element
method is used. In the modeling of this RC structure, three
different columns are described to the SAP2000, and the width
and height of these columns are described as 50 x 50, 60 x 60, and
70 x 70 cm, correspondingly. Additionally, there is an annular
column in the structure and its size is described as 65 cm. Then,
the width-height of the beams used in the 3D model is described
as 35 x 70, 30 x 70, and 40 x 60 cm, correspondingly. The type of
concrete of the foundation, columns, and beams is described as
C35, and this value is found in the original structure project.
In this RC structure, there are, in total, two different shear
walls, and their widths are modeled as 20 and 25cm.
Furthermore, the thickness of floor covering is selected as
20 cm for all floors. The height of each floor is modeled as
4 m, and there are, in total, four floors in the structure. The
general view of this structure is shown in Figure 12. Primarily,
structural elements are created according to the original structure
project, and then, NEs are defined to the structure. The general
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TABLE 12 Different situations of a library building.

Situation Situation of the building
A Structure without an NE
B ‘ Structure with an unanchored NE

Structure with an anchored NE

view of NEs in the library building is given in Figure 13. While
modeling structural elements, the mass source is defined to
software using super dead and live loads.

Additionally, rigid diaphragms are created in the structure,
considering the constraint z axis. Then, non-linear time history
analyses are carried out, consistent with a direct integration
solution type. For that purpose, the Hilber-Hughes-Taylor
method is chosen in the 3D analyses, and its gamma and beta
values are selected as 0.5 and 0.25, respectively. The 3D model of
the structure is given in Figure 14. Second, NEs are formed
according to the original place of non-structural building
elements. After calculating these loads, non-structural loads
are defined to SAP2000, considering the original places of
NEs in the structure. NE spring element values calculated
from the shake table tests are defined under NE loads,
considering the original building project. Non-structural
spring element values are defined to the structure for both
Thus,
behavior of the library structures has been calculated realistically.

anchored and unanchored situations. the seismic

3D nonlinear seismic analysis results

In this section, 3D nonlinear seismic displacement, moment,
and spectral acceleration results of the library building are
presented according to earthquake analyses in detail
Numerical analysis results are presented for three different
situations of the building. These situations are given in Table 12.

The graphics are compared for the 2018 TBEC and ASCE/
SEI 7-16 code. The displacement results of the structure are given
in Figure 15 in detail. There are two different graphics in each
figure. In Figure 15A, the maximum displacements which
occurred on each floor of the building during the earthquake
are presented for the 2018 TBEC. According to Figure 15A, a
maximum displacement of 0.9 mm occurred for situation A on
the first floor of the building. Also, for situations B and C,
maximum displacements of 1.1 and 2.7 mm are observed on
the first floor of the structure, respectively. On the second floor of
the building, maximum displacements of 3.2, 4.6, and 12.1 mm
are acquired for situations A, B, and C, respectively. In addition, a
maximum displacement of 6.7 mm is observed for situation A on
the third floor of the building. For situations B and C, a

maximum displacement of 11.3 and 26.3 mm is obtained,
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FIGURE 14
3D model of a library building: (A) right view and (B) left view.

respectively. On the last floor of the library structure, maximum
displacements of 9.4, 16.1, and 37.2mm are observed for
A, B, and C,
Figures 15A-T, the lowest displacements are obtained for the

situations respectively. As shown in
empty situation of the building. From this result, the effects of
anchoring or not anchoring NEs to the structure on the seismic
behavior of the structure are clearly observed. On the other hand,
in Figure 15B, the largest displacements which occurred on all
floors during the earthquake in the building are presented by
considering the ASCE/SEI 7-16 code. According to Figure 15B,
for situations B and C, maximum displacements of 1.0 and
2.1 mm, respectively, are observed on the first floor of the
structure. According to the ASCE/SEI 7-16 code, on the
second floor of the structure, maximum displacements of
39 and 10.7mm are obtained for situations B and C,
respectively. A maximum displacement of 22.03 mm occurred
for situation C on the third floor of the structure. In addition, a
maximum displacement of 31.9 mm is observed for situation C
on the last floor of the structure. Also, when situations C and B
are compared, the importance of anchoring or not anchoring
NEs to the structure is clearly observed. In Figures 15C,D, the
maximum displacements which occurred in the library building
for case 2 are presented in detail, taking into account the
2018 TBEC and ASCE/SEI 7-16 code. When Figure 15C is
observed, it is concluded that the maximum displacements
that occurred on each floor of the building are very different
from each other. The largest displacement on the first floor of the
building is 1.2 mm for situation A. For situations B and C, the
largest displacements on the first floor of the structure are 1.3 and
1.6 mm, respectively. On the second floor of the structure,
maximum displacements of 5.6, 9.3, and 15.6mm are
obtained for situations A, B, and C, respectively. Also,
maximum displacements of 32.01 and 49.03 mm are observed
for situation C on the third and fourth floors of the structure,
respectively.

Smaller displacements occurred in situation B than in situation
C on the third and fourth floors of the structure. The smallest
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displacements along the four floors of the structure are obtained
in situation A. In Figure 15D, for case 2, the largest displacements
which occurred along all floors of the building are presented by
considering the ASCE/SEI 7-16 code. According to Figure 15D,
very similar displacements occurred in three different situations of
the building on the first floor of the building. When compared to
the other floors, the biggest displacements occurred on the top
floor of the building. For situations B and C, maximum
displacements of 21.8 and 43.4 mm are observed at the top
floor of the structure, respectively. When Figures 15C,D are
compared with each other, it is concluded that the 2018 TBEC
and ASCE/SEI 7-16 codes have different effects on the earthquake
behavior of the structure. This result is of great importance in
revealing the differences between these two different codes. In
Figures 15E,F, the displacements in the structure for case 3 are
given in detail. According to Figures 15EJF, the largest
displacements which occurred in all floors of the building are
observed for situation C. Moreover, the smallest displacements for
all floors of the building are obtained for situation A. When
Figure 15E 1is observed, it shows that displacements for
situations A, B, and C are very close to each other on the first
floor of the structure. On the second floor of the building, a
maximum displacement of 3.2 mm is obtained for situation A. On
the second floor of the structure, maximum displacements of
44 and 69mm are observed for situations B and C,
respectively. In addition, the smallest displacement in the third
and fourth floors of the structure is obtained for situation A, and
the displacement values which occurred on these floors are 5.2 and
7.3 mm, respectively. On the last floor of the structure, the largest
displacement (194 mm) is acquired for situation C and the
smallest displacement (7.8 mm) is obtained for situation A.
When three different situations of the building are compared
with each other, the smallest displacements which occurred on the
top floor of the building are observed for situation A. Taking into
account the ASCE/SEI 7-16 code, the highest displacement values
which occurred on all floors of the building are presented in detail.
When Figures 15EF are compared, it is observed that the
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maximum displacement values obtained from the structure
analyzed with the ASCE/SEI 7-16 code are smaller than the
numerical values acquired according to the 2018 TBEC. For
situations B and C, maximum displacements of 8.9 and
158 mm are observed at the top floor of the structure,
15G,H, displacement results that
occurred on all floors of the building for case 4 are given in

respectively. In Figures

detail. According to Figure 15G, it is observed that displacements
for situations A, B, and C are close to each other at the lowest floor
of the building for the 2018 TBEC. On the second floor of the
building, a maximum displacement of 13 mm occurred for
situation A. On the same floor, maximum displacements of
23mm and 41 mm are obtained for situations B and C,
respectively. A maximum displacement of 126 mm for situation
C is observed at the top floor of the structure. In addition, the
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smallest displacement (37 mm) on the top floor of the structure
occurred for situation A. In Figure 15H, time-dependent results of
the displacements occurring on the top floor of the building are
presented. The largest displacements for situation C occurred
25.1 seconds after the earthquake. When Figures 15G,H are
compared, it is observed that larger displacements occurred
along all floors of the building in Figure 15G. This result
clearly reveals the displacement differences in the structures
analyzed with the ASCE/SEI 7-16 code and the 2018 TBEC. In
Figures 151, the displacement results for case 5 in the library
15L], the
displacement results of the analyzed structure taking into

building are presented. Moreover, in Figures
account the TBEC are presented. In Figure 15I, very close

displacement values are acquired for situations A, B, and C at
the bottom floor of the building. Compared to the other floors of
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FIGURE 16
(Continued).
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the building, higher displacement values are observed for three
different situations of the building on the top floor. A maximum
displacement of 10.7 mm occurred for situation A at the top floor
of the building. For situations B and C for the same floor,
maximum displacements of 17.9 and 28.6 mm are observed,
respectively. In Figure 15], the displacement values which
occurred at the top floor of the building are presented
depending on time. According to Figure 15], it is observed that
the maximum displacement for situation C occurred 14.9 seconds
after the earthquake when three different states of the structure are
compared with each other. In addition, when Figures 15I, | are
compared, it is observed that the maximum displacements
obtained from the building analyzed with the ASCE/SEI 7-
16 code are smaller than those acquired from the building
analyzed with the 2018 TBEC. It is observed that the maximum
displacements which occurred on the top floor of the building are
obtained for situation C. In Figures 15K,L, the 2018 TBEC and
ASCE/SEI 7-16 codes are compared in detail. In addition, for case
6, the results of the maximum displacement which occurred on all
floors of the building are presented. According to Figure 15K, a
maximum displacement of 1.1 mm occurred for situation A at the
lowest floor of the building. Moreover, maximum displacements of
1.3 and 1.9 mm are obtained for situations B and C at the bottom
floor of the structure, respectively. On the top floor of the building,
a maximum displacement of 21.2 mm is observed for situation C
according to the TBEC. In Figure 15L, the analysis results acquired
by considering the ASCE/SEI 7-16 code are presented. According
to Figure 15L, it is observed that the greatest displacements along
the height of the building occurred at the top floor of the building.
For situations B and C, maximum displacements of 7.8 and
22.1mm occurred at the top floor of the building. It is
observed that the maximum displacements obtained in the
structure analyzed with the ASCE/SEI 7-16 code are less than
those obtained in the library structure analyzed with the
2018 TBEC. In Figures 15M,N, the maximum displacement
results which occurred in the building for case 7 are presented
for the 2018 TBEC and ASCE/SEI 7-16 code. The 3D numerical
results for the 2018 TBEC are shown in Figure 15M. According to
Figure 15M, the largest displacements in the building occurred on
the top floor of the building. The smallest displacements are
observed on the lowest floor of the building. A maximum
displacement of 7.3 mm occurred for situation A at the top
floor of the building. In addition, maximum displacements of
10.9 and 30.8 mm are acquired for situations B and C on the same
floor, respectively. Furthermore, the maximum displacements
which occurred at the top floor of the building are presented
depending on time. The largest displacements are obtained for
situation C 28.3 seconds after the earthquake. In addition, the
smallest displacements are observed for situation A according to
the time-dependent analysis results. The displacement results of
the structure analyzed according to the ASCE/SEI 7-16 code are
given in Figure 15N. According to Figure 15N, very close
displacement results were obtained for three different situations
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of the building at the bottom floor of the building. On the top floor
of the structure, maximum displacements of 7.9 and 19.8 mm are
observed for situations B and C, respectively. The displacement
results which occurred at the top floor of the building are presented
depending on time. According to this, the largest displacement
which occurred at the top floor of the building is observed
in situation C. In addition, the effects of anchoring or not
anchoring the NEs to the structure on the seismic behavior of
the structure are clearly observed. In Figures 150,P, for case 8, the
maximum displacements that occurred on all floors of the building
during the earthquake are presented in detail. In addition, in
Figure 150, the seismic analysis results of the building analyzed
taking into account the 2018 TBEC are shown. According to
Figure 150, it is observed that the greatest displacements in the
building during the earthquake occurred on the top floor. A
maximum displacement of 1.1 mm is obtained for situation A
on the first floor of the structure. On the same floor, maximum
displacements of 1.3 and 1.6 mm are acquired for situations B and
C, respectively. Larger displacements occurred for situation C on
the second floor than for situations A and B. Maximum
displacements of 26.1 and 37.3 mm are observed for situation C
on the third and fourth floors, respectively. The time-dependent
displacement results which occurred at the top floor of the library
building are presented taking into account the 2018 TBEC. The
maximum displacement occurred for situation C at the top floor of
the building 17.3 seconds after the earthquake. Figure 15P shows
the maximum displacements which occurred along the building
height, taking into account the ASCE/SEI 7-16 code. According to
Figure 15P, very close displacement results are observed for three
different situations of the building at the bottom floor of the
building. In addition, close displacement results for situations B
and C occurred at the top floor of the structure. The displacement
results which occurred at the top floor of the building are presented
according to the ASCE/SEI 7-16 code. According to this, when
three different conditions of the structure are compared, it is
concluded that the maximum displacement for situation C
occurred 18.3 seconds after the earthquake. In Figures 15R,S,
the displacement results that occurred during the earthquake
for case 9 are presented. Moreover, in Figure 15R, the
displacement results of the analyzed structure taking into
account the 2018 TBEC are presented, and in Figure 15S, the
seismic analysis results of the analyzed structure taking into
account the ASCE/SEI 7-16 code are shown in detail. When
Figures 15R,S are compared with each other, the differences of
seismic differences between the ASCE/SEI 7-16 code and
2018 TBEC are clearly observed. Despite the fact that a
maximum displacement of 34.4 mm is observed for situation C
at the top floor of the building according to the 2018 TBEC, a
maximum displacement of 26.2 mm occurred at the top floor of
the structure according to the ASCE/SEI 7-16 code. It is evident
that the maximum displacement at the top floor of the structure is
obtained for situation C in both graphs. In addition, the smallest
displacements which occurred at the top floor of the structure for
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both graphs are observed for situation A. Earthquake analysis
results for case 10 are given in Figures 15T,U. Figure 15T shows the
seismic results obtained by considering the TBEC. According to
Figure 15T, very close displacements occurred in three different
situations of the building on the first floor of the building. On the
second floor of the structure, a maximum displacement of 2.1 mm
is observed for situation A. In addition, maximum displacements
of 3.4 and 8.9 mm are obtained for situations B and C, respectively.
On the top floor of the building, larger displacements occurred for
situation C. It is observed that larger displacements for situation C
occurred during the earthquake. In Figure 15U, a maximum
displacement of 9.4 mm occurred for situation B at the top floor
of the building according to the ASCE/SEI 7-16 code. Moreover, a
maximum displacement of 26.2 mm is obtained for situation C on
the same floor. In Figures 16A-T, the maximum moment values
that occurred in the library building analyzed for 10 different fault
distances of the earthquake are shown in detail. The beam with the
highest moment value in the building is taken into account while
examining the maximum moment values which occurred in the
building. During the earthquake analysis, the greatest moments
occurred in beams on the first floor. In Figures 16A,B, the largest
moment values which occurred in the structure analyzed for case
1 are shown depending on time. When Figures 16A,B are compared
with each other, it is understood that the maximum moment values
that occurred in the structure, analyzed according to the 2018 TBEC,
are higher than those which occurred in the analyzed structure
considering the ASCE/SEI 7-16 code. In Figure 16A, a maximum
moment value of 112kNm is observed on the first floor of the
building for situation A. For situations B and C, on the first floor of
the building, maximum moment values of 238 kKN m and 492 kN m
are obtained, respectively. In Figure 16B, it is clearly observed that
maximum moment values of 194 kN m and 419 kN m occurred for
situations B and C, respectively. From these results, the effects of the
2018 TBEC and ASCE/SEI 7-16 codes on the earthquake behavior of
the structures are understood. Moreover, the earthquake analysis
results for case 2 are shown in Figures 16C,D. In Figure 16C, a
maximum moment of 186 kN m is observed on the first floor of the
building for situation A according to the 2018 TBEC. For situations
B and C, maximum moment values of 342 kN m and 481 kN m are
obtained on the same floor, respectively. Moreover, according to the
ASCE/SEI 7-16 code, maximum moments of 286 kNm and
431 kKN'm are observed for situations B and C, respectively.
Seismic analysis results for case 3 are graphically shown in
Figures 16E,F. According to the analysis results, the differences
between the 2018 TBEC and the ASCE/SEI 7-16 code are obviously
observed. In Figure 16E, a maximum moment of 74kNm is
observed at the lowest floor of the building for situation A. In
addition, for situations B and C, maximum moment values of
103kNm and 298kNm occurred on the
respectively. In Figure 16F, the largest moment values which
occurred in the structure according to the ASCE/SEI 7-16 code
are observed for situation C. In addition, the smallest moment values

same floor,

are acquired for situation A. In Figures 16G,H, the 3D seismic
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analysis results obtained for case 4 are shown. According to
Figure 16G, the maximum moment values obtained for situation
C are larger than those for situations A and B. For situation C, the
maximum moment value which occurred in the beams at the lowest
floor of the building is 972kNm. In Figure 16H, the seismic
moment results of the building, analyzed according to the ASCE/
SEI 7-16 code, are shown. According to the ASCE/SEI 7-16 code,
maximum moment values of 204 kN m, 608 kN m, and 649 kN m
are observed for situations A, B, and C at the lowest floor of the
structure, respectively. In Figures 16L], seismic analysis results of the
library structure analyzed for case 5 are shown. When Figures 161,
are observed in detail, the effects of the 2018 TBEC and the ASCE/
SEI 7-16 code on the earthquake behavior of the library structures
are clearly observed in detail. For both codes, the highest moment
values during the earthquake are obtained for situation C. In
addition, the smallest moment values which occurred in the
library structure are observed for situation A. From these results,
the effects of anchoring or not anchoring NEs to the structure on the
three-dimensional seismic moment behavior of the library
structures are clearly observed.

Earthquake analysis results for case 6 are shown in Figures
16K,L in detail. When Figures 16K,L are compared with each other,
it is concluded that NEs are very important for the earthquake
behavior of library structures. In Figure 16K, the analysis results of
the structure analyzed according to the 2018 TBEC are shown, and
for situation A (the structure without an NE), a maximum moment
value of 74 kN m is obtained in the beams at the lowest floor of the
building. In addition, maximum moment values of 148 kKN m and
328 kN m are observed for situations B and C in the beams on the
lowest floor of the structure, respectively. In addition, in Figure 16L,
maximum moment values of 128 kN m and 186 kN m are obtained
for situations B and C in the beams at the lowest floor of the building
according to the ASCE/SEI 7-16 code, respectively. From Figures
16M,N, it is concluded that the maximum moment values obtained
from the structure analyzed according to the 2018 TBEC for case
7 are greater than those acquired from the library structure analyzed
according to the ASCE/SEI 7-16 code. This result enables
researchers to see the differences between the 2018 TBEC and
ASCE/SEI 7-16 codes. The 3D seismic analysis results obtained
for case 8 are shown in Figures 160,P. According to Figures 160,P, a
maximum moment value of 548 kKN m is obtained in the beams at
the lowest floor of the building for situation A according to the
2018 TBEC. Moreover, a maximum moment of 371 kN m occurred
in the beams at the lowest floor of the building according to the
ASCE/SEI 7-16 code on the same floor. In Figures 16R,S and Figures
16T, U, seismic moments which occurred in the structure analyzed
for cases 9 and 10 are presented, respectively. When Figures 16R,S
and Figures 16T,U are compared, the effects of the earthquake fault
distance on the earthquake behavior of the library structures are
clearly observed. In addition, when Figures 16R,S and Figures 16T,U
are observed in detail, the effects of anchoring and not anchoring the
NEs to the structure on the earthquake behavior of the library
structures are clearly understood.
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Conclusion

In this study, the effects of NEs on the seismic behavior of RC
library structures are observed, taking into account the ASCE/SEI
7-16 code and 2018 TBEC. A total of 10 different fault distances
of the earthquakes are taken into consideration while performing
3D seismic analyses. In addition, the effects of anchoring or not
anchoring NE:s to the structure on the seismic behavior of library
structures are observed in detail. The following points are
observed in 3D nonlinear seismic analysis results.

o In this study, the seismic behavior of NEs is calculated
differently from the literature and in accordance with
reality. NEs used in library buildings are subjected to
shake table tests, and the real spring values of these
elements are obtained. These spring values are affected
by the 3D modeled structure. The spring values of the NEs
obtained as a result of this study should be used by
researchers and included in the building modeling.

It is concluded that the earthquake fault distance has great
effects on RC library structures. As the fault distance
decreases, the damage that may occur in the library
structures increases, and when the distance of the fault
increases, the damage that may occur in the library
structures decreases. For this reason, before modeling RC
library structures, the distance of the earthquake fault to the
structure should be observed and not be ignored.

In this study, it is clearly observed that analysis results
performed by taking into account the ASCE/SEI 7-16 code
and 2018 TBEC are very different from each other.
Although the same NE is used in the library structure,
different maximum displacements and moment values are
observed in the structure for two different standards. It is
concluded that the seismic numerical values acquired
considering the 2018 TBEC are greater than those
obtained for the ASCE/SEI 7-16 code. This result reveals
the difference between both codes and guides researchers
on which standard to choose when modeling NEs.

o It is recommended that NEs should be anchored to the
structure to prevent loss of life and property during an
earthquake. However, it has been concluded that the
maximum seismic displacements and moments which
occurred in the structure when the NEs are anchored to
the structure are greater than those which occurred in the
structure if they are not anchored. From this result, it is
observed that anchoring NEs to the structure has greater
seismic effects than not anchoring them to the structure.

In this study, it is strongly recommended that if an RC library
structure is modeled, it should be modeled taking into account
the results obtained from this study, and if the NEs are
anchored to the structure, the library buildings should be
modeled considering the effects of NEs on the structure.
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o When NEs are anchored to the library structures, larger
spectral acceleration values occur in the library structures.
In other words, the anchoring of the NEs to the structure
enables the NEs to move with the structure during an
earthquake, and in this case, these structures
oscillate more.

o NEs are of great importance for the seismic behavior and

safety of RC highly

recommended to never neglect NEs when modeling an

structural structures. It is

RC structure.
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