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ABSTRACT 

The seismic performance of reinforced concrete (RC) columns is related to the expected damage limits 
under seismic loads and how this damage relates to the safety of the structure. To assess the performance of RC 
columns under seismic loads, performance-based deformation and damage limits have been proposed by seismic 
codes. Adequacy of the deformation and damage limits provided in the American Society of Civil Engineers, 
Seismic Evaluation and Retrofit of Existing Buildings Standard (ASCE/SEI-41, 2017) and the Turkish Building 
Earthquake Code (TBEC, 2018) were evaluated by performing parametric studies for RC columns. RC circular 
columns are designed in parametric studies to elucidate the effects of the compressive strength of concrete, axial 
load levels, and spiral reinforcement ratio on performance-based damage limits. The performance limits 
corresponding to each performance level obtained using different seismic guidelines were compared. The cross-
section damage limits of ASCE/SEI-41 (2017) and TBEC (2018) were significantly different, which could change 
the performance level of the building. TBEC (2018) yielded approximately 50% conservative limits compared to 
the ASCE/SEI-41 (2017) limits. As a result, TBDY (2018) seems to offer safer and more ductile solutions than 
ASCE/SEI-41 (2017). 

Keywords: Columns; Seismic codes; Performance level; Damage limits; Deformation. 

 

INTRODUCTION 

The philosophy behind the design of reinforced concrete (RC) frames is to provide them with sufficient 
ductility (Abdelwahed, 2020). Lateral force- and moment-resisting structural systems should be designed with 
adequate strength and ductility. The behavior of RC frames subjected to seismic loads is mainly based on the 
ultimate strength of concrete and its ductility (Foroughi & Yuksel, 2020; Yuksel & Foroughi, 2019; Subramanian 
& Velayutham, 2014). The ductile deformation capacity of RC columns (the main lateral force- and moment-
resisting elements) is a key factor in achieving high seismic performance (Cheng et al., 2017). One of the most 
important steps for the performance-based assessment of RC buildings relies on the comparison of deformations 
obtained by nonlinear structural analyses of deformation limits or acceptance criteria (Xinxian et al., 2016; Yakut 
& Solmaz, 2012).  

The preliminary design of civil-engineering structures is typically based on traditional force-based design 
procedures, which are used to judge their performance (Abd-Elhamed & Mahmoud, 2016). The structural collapse 
of RC structures during an earthquake has been attributed to the loss of the lateral-loading capacity of their vertical 
load-carrying members (Al-Ogaidi et al., 2021).  
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The seismic performance of a structure is related to the level of damage that occurs under the influence 
of a particular earthquake and how this damage affects the safety and use of the structure. Therefore, in 
determining the seismic performance, it is crucial to calculate the deformations rather than the internal forces that 
occur under the influence of earthquakes. The purpose of nonlinear calculation methods used to determine 
structural performance is to calculate the plastic deformation and plastic rotation demands that are related to the 
ductile behavior of the structure for a given earthquake (Foroughi et al., 2020a; Foroughi & Yuksel, 2019). 
Understanding the nonlinear response and damage characteristics of RC buildings subjected to earthquakes is 
essential for assessing the seismic performance of existing buildings, as well as the safety and cost of new 
buildings (Foroughi et al., 2020b; Uçar et al., 2015). Knowing the behavior of load-bearing elements and the 
parameters affecting this behavior in the RC structure is crucial in terms of seismic performance, as it will 
primarily affect the elements of a building and then the entire structure (Meral, 2018). Limits, which are an 
important part of the methods used in many earthquake codes to determine the seismic safety of buildings, are set 
according to many design parameters. To determine earthquake safety, it is necessary to first identify the damage 
level of each carrier element (Ulutaş, 2019; Ulutaş et al., 2015). In the evaluation methods of existing buildings, 
regulations generally determine the performance of the building elements based on their plastic rotational 
capacities (Elci & Göker, 2018). The structural elements are therefore modeled by means of plastic hinges, which 
are determined according to the non-linear behavior of the structure and the element’s properties (Özmen et al., 
2007). Seismic-induced damages in RC buildings have been primarily associated with the low strength and poor 
mechanical properties of the materials (Işık, 2021; Işık et al., 2021).  

Recently proposed changes to modeling and acceptance criteria in seismic regulations for RC columns 
suggest that a comprehensive examination is required for improved limit definitions and their corresponding 
values. Columns that can be classified as primary members of these structures dominate the seismic performance 
of RC frame buildings. In this study, deformation-based damage limits for RC members, which are mentioned in 
the American Society of Civil Engineers, Seismic Evaluation and Retrofit of Existing Buildings Standard 
ASCE/SEI-41 (2017) and the Turkish Building Earthquake Code (TBEC) (2018), have been analytically studied 
to determine the earthquake performance of the structural members. In addition, the ASCE/SEI-41 (2017) 
procedures to determine the idealized shear force-chord rotation curves of RC circular columns were reviewed. 
Circular columns are generated in parametric studies to present the effects of various parameters such as the 
concrete grade, axial load levels, and spiral reinforcement ratios on performance-based displacement limits. Here, 
deformation values for RC columns were calculated at the performance levels defined in ASCE/SEI-41 (2017) 
and TBEC (2018). Column damages corresponding to the displacement demands were estimated and the damage 
limits were evaluated. By determining the unit deformation demands, the allowable concrete and reinforcing steel 
deformation limits were calculated. For this purpose, we considered different section damage limits in RC ductile 
structural elements where plastic deformations occur. According to the critical values obtained from the moment-
curvature relationships of the RC columns modeled according to the lumped plastic behavior, yield rotation values 
and plastic rotation values for the plastic hinge regions of the columns were calculated for different performance 
levels. 
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PERFORMANCE LEVELS FOR REINFORCED CONCRETE MEMBERS 

To assess the performance of RC columns under a given earthquake effect, deformation-based damage 
limits are proposed by seismic codes. The ASCE/SEI-41 (2017) and TBEC (2018) seismic codes have defined 
three discrete damage limits and two performance ranges for flexure-dominant ductile members (Figure 1). In 
ASCE/SEI-41 (2017), the performance levels are immediate occupancy (IO), life safety (LS), and collapse 
prevention (CP). The damage limits defined in TBEC (2018) are limited damage (LD), controlled damage (CD), 
and collapse prevention (CP). 

 

 
Figure 1. Performance limits for RC members 

 

 

Structural Performance Levels and Ranges According to ASCE/SEI-41 (2017) 

The main objective of this section is to assess the appropriateness of the ASCE/SEI-41 (2017) modeling 
parameters for the load-deformation relationships of RC columns with various designs. After the chord yield 
rotation is determined, the deformation and strength parameters listed in Table 1 are used to establish the notable 
points (B, C, D, and E) in the idealized load-deformation curve shown in Figure 2. The axial load levels, transverse 
reinforcement ratio, and the ratio of shear demand at flexural yielding to shear capacity (V"#/V%&'(#) are used to 
calculate the modeling parameters and acceptance criteria of the RC circular columns. The shear strength of the 
RC column is defined in ASCE/SEI-41 (2017) by Equation (1), in which V%&' is the shear strength of concrete 
(k*' = 1) in regions where displacement ductility demand is less than or equal to 2, and k*' = 0.7  in regions 
where displacement ductility is greater than or equal to 6. α%&' = 1 for s/d ≤ 0.75, α%&' = 0 for s/d ≥ 1. An is 
the area of shear reinforcement, 	f"9:/# is the expected yield strength of the transverse reinforcement (f"9#=1.25f"9), 
f;:/#<  is the expected concrete strength (f%#<  =1.5f%< ), d is the effective depth of the cross-section, s is the spacing 
of the transverse reinforcement, and A=  is the cross-section area of the column. Λ = 1  for normal-weight 
aggregate concrete. N@A is the axial force and M@C/(V@C	d) is the moment-to-shear ratio for the effective depth 
of the column.  
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Figure 2. Generalized force-deformation relationships for concrete elements or components 

 
Table 1. Modeling parameters and numerical acceptance criteria for nonlinear procedures 

Modeling Parameters Acceptance Criteria 
Plastic Rotation Angle (Radians) 

a and b (radians) residual strength ratio, c Performance Level 
IO LS CP 

Columns not controlled by inadequate development or splicing along the clear height 

𝑎 = 0.06 − 0.06
𝑁XY
𝐴\𝑓GR<

+ 1.3𝜌P − 0.037
𝑉OR
𝑉GHIcR

≥ 0 

0.15𝑎 
≤ 0.005 0.5𝑏 0.7𝑏 𝑓𝑜𝑟	

𝑁XY
𝐴\𝑓GR<

≤ 0.5 𝑏 =
0.65

5 + 𝑁XY
0.8𝐴\𝑓GR	<

1
𝜌P	

𝑓GR<
𝑓OPR

− 0.01 ≥ 𝑎 

𝑐 = 0.24 − 0.4
𝑁XY
𝐴\𝑓GR<

≥ 0 

 

Limits for Structural Damage Proposed by TBEC (2018) 

The Turkish building code was updated as a result of developments in earthquake engineering and TBEC 
(2018) entered into force on January 1, 2019. TBEC (2018) introduced many new criteria, including deformation-
based damage limits used in the description of element damage and performance targets to be considered during 
performance evaluation. TBEC (2018) also focuses on nonlinear analysis methods. Thus, with the renewed 
earthquake regulation, more realistic earthquake modeling and analyses are possible. To predict the performance 
level, the strain limits of concrete and steel are used as the main parameters in the nonlinear static procedure of 
TBEC (2018). Three limit conditions have been defined for ductile elements on the cross-section: LD, CD, and 
CP. To evaluate the LD, CD, and CP performance levels, the behaviors of the concrete and reinforcement steel 
are modeled in accordance with the spreading plastic behavior model. The total deformations allowed by the limits 
are listed in Table 2. 
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Table 2. Unit deformations according to different performance levels 
 

Deformation Limits Damage Limit 
Concrete Reinforcement 

Limited Damage (LD) εc
(LD)=0.0025 εs

(LD)=0.0075 
Controlled Damage (CD) 𝜀V

(%C) = 0.75𝜀V
(Gk) 𝜀l

(%C) = 0.75𝜀l
(Gk) 

Collapse Prevention (CP) 𝜀V
(%m) = 0.0035 + 0.07 𝜔op ≤ 0.018 𝜀l

(%m) = 0.40𝜀lq 
 

The mechanical reinforcement ratio of the effective confining reinforcement (ωst) is calculated using 
Equation (2). The confinement effectiveness coefficient (αut) of the circular cross-section elements and volumetric 
spiral reinforcement ratio (ρuw) are given in Equation (3). 

𝜔op = 𝛼lp	𝜌lx,z{K 	
𝑓Oop
𝑓Vp

 , 𝑓Vp = 1.3𝑓V|	, 𝑓Op = 1.2𝑓O|																																							(2) 

𝛼lp = 1 −
𝑠
2𝐷

K
  ,     𝜌lx =

2𝐴Hl
𝐷𝑠

																																																									(3) 

 
In Equations (2) and (3), A&u and s is the area and spacing of the spiral reinforcement, respectively, D is 

the distance between the spiral reinforcement axes, f"st is the expected yield strength of the spiral reinforcement, 
and f;t  is the expected compressive strength of concrete. n  = 2 for the circular stirrup and n	= 1 for spiral 
reinforcement are considered. For new RC buildings including tall structures, the limits for plastic rotations are 
calculated according to the lumped plastic behavior model, using the equations given in Table 3. The length of the 
plastic zone is taken as half of the depth of the member as suggested by the code (L� = 0.5h). If the shear force 
ratio of the RC section is calculated as Vt/bsdf;9� < 0.65, the upper limits of the deformation that are calculated 
according to different performance levels are valid. If the shear force ratio is greater than 1.30, the upper 
deformation limits that are calculated for different performance levels will be reduced by multiplying by 0.50.  

 
Table 3. Plastic rotations according to different performance levels 

 
Deformation Limits Plastic Rotations 

Limited damage (LD) 𝜃�
(:C) = 0 

Controlled damage (CD) 𝜃�
(%C) = 0.75𝜃�

(Gk) 

Collapse prevention (CP) 𝜃�
(%m) =

2
3

∅q − ∅O 𝐿� 1 − 0.5
𝐿�
𝐿l

+ 4.5∅q𝑑�  

∅�, ∅O: maximum and yield curvature, 𝐿l: shear span, 𝑑�: longitudinal reinforcement diameters 
 

MATERIALS and METHODS 

RC columns with circular cross-sections were designed according to the ACI318 (2014) and TBEC 
(2018) regulations. Column models with 565-mm-diameter circular cross-sections were designed (Table 4). 
Different spiral reinforcement diameters (F8, 10, and 12 mm) and spiral reinforcement spacing (50, 60, 70, and 
80 mm) were used to investigate the effect of the spiral reinforcement on the cross-section behavior. The 
longitudinal reinforcement in all models was 8F20 mm. For the modeling of all circular RC columns, C30, C40, 
and C50 concrete types were used and B420C was selected as a reinforcement (Table 5). The combined effect of 
vertical and seismic loads (N�� ) and the cross-section of the RC column shall satisfy the condition A; ≥
N����/0.40f;� (TBEC, 2018). To investigate the effect of the axial force on the cross-section behavior, the models 
were evaluated under four axial load levels.  
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Table 4. Designed column section details 

Cross-section of RC Circular Column Models Longitudinal 
Reinforcement 

Material 
(MPa) 

Transverse 
Reinforcement N/N��� 

 

8F20 mm 
C30 
C40 
C50 

F8/50 mm 

0.10 
0.20 
0.30 
0.40 

F8/60 mm 
F8/70 mm 
F8/80 mm 
F10/50 mm 
F10/60 mm 
F10/70 mm 
F10/80 mm 
F12/50 mm 
F12/60 mm 
F12/70 mm 
F12/80 mm 

 

Table 5. Material parameters for concrete and reinforcement (TBEC, 2018) 

Standard Strength Parameters Values 

Concrete: 
C30–C50 

Strain at maximum stress of unconfined concrete (εco) 0.002 
Ultimate compression strain of concrete (εcu) 0.0035 

Characteristic value of concrete compressive strength (fck) 30–50 MPa 

Reinforcement: 
B420C 

Yield strain of reinforcement (εsy) 0.0021 
Strain-hardening value of reinforcing steel (εsp) 0.008 

Strain in reinforcing steel at ultimate strength (εsu) 0.08 
Characteristic yield strength of reinforcement (fyk) 420 MPa 

Ultimate strength of reinforcement (fsu) 550 MPa 
 

Circular columns are popular for structural design because their strengths under seismic loads are similar 
in any direction. Spiral reinforcement plays an important role in improving the strength and ductility of columns, 
especially when subjected to severe ground motion. Hence, circular cross-section column models were considered 
in this study. The aim was to examine the necessary conditions for using the nonlinear calculation method and to 
examine the seismic performance of the circular cross-section RC columns in detail, using the nonlinear 
calculation method and applying different design parameters. The deformation limits and plastic hinge properties 
were calculated and compared for the different performance levels given in the ASCE/SEI-41 (2017) and TBEC 
(2018) codes. For this purpose, 144 RC circular column models were designed for different compressive strengths 
of concrete, spiral reinforcement ratios, and axial load levels. The element damage limits in ASCE/SEI-41 (2017) 
and TBEC (2018) were examined by considering these factors. ASCE/SEI-41 (2017) and TBEC (2018) define the 
performance levels of RC components, using different performance limits. In addition, the ASCE/SEI-41 (2017) 
procedures to determine the idealized shear force-chord rotation curves of the RC circular columns were reviewed. 
The nonlinear behaviors of the RC circular columns were theoretically calculated by applying the cantilever 
column model. Cantilever columns exposed to different axial load levels were considered in the moment-curvature 
and stress-strain analyses of the columns. Thus, the damage limits calculated according to TBEC (2018) and 
ASCE/SEI-41 (2017) are valid for circular cantilever columns.  
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RESEARCH FINDINGS and DISCUSSION 

The limits for element damage set in ASCE/SEI-41 (2017) and TBEC (2018) were examined by 
considering different axial load levels, spiral reinforcement ratios, and compressive strengths of concrete for the 
cross-sections of the RC circular columns. The deformation limits were calculated for the LD, CD, and CP 
structural performance levels defined in TBEC (2018). The deformation limits were calculated for the IO, LS, and 
CP structural performance levels defined in ASCE/SEI-41 (2017). Column damage corresponding to displacement 
demands was obtained and the damage limits were evaluated. For different performance levels, plastic rotation 
values were calculated for the plastic hinge regions of the columns. 

 

 

Deformation Limits for Different Performance Levels According to TBEC (2018) 

One of the most important steps for evaluating performance in the nonlinear method is determining the 
LD, CD, and CP damage levels in structural elements. The damage limits provided for reinforcement steel were 
obtained by multiplying the unit deformation value corresponding to the ultimate strain of reinforcement steel by 
constant coefficients (Table 6).  

 
Table 6. Calculated deformation limits for reinforcing steel  

Material Deformation Limit 
Performance Level 

eu
(%m) eu

(%C) eu
(:C) 

B420C εu 0.0320 0.0240 0.0075 

 

The damage limits for the confined concrete (e;
(%m), e;

(%C)) are calculated based on the f"t, f;t, ruw, and 
the configuration of the spiral reinforcement. Plastic rotational damage limits (θ�) for different performance levels 
are determined by the functions ∅", ∅�, Lm, L� and d�. Therefore, parameters affecting ∅" and ∅�, such as f;�, 
N/N��� , and ruw  also affect the θ�  values. The upper deformation limits corresponding to the cross-section 
damage levels are presented in Table 7. The plastic rotation values of the RC circular columns for different 
parameters are listed in Table 8.  

 
Table 7. Calculated ε; values for different design parameters  

Material ρu Deformation Limit 
Performance Level 

  eV
(QY) 

C30 

0.0112 

ε; 

0.0216 0.0162 

0.0025 

0.0124 0.0229 0.0171 
0.0128 0.0230 0.0172 
0.0150 0.0246 0.0183 
0.0180 0.0268 0.0201 

C40 
0.0180 

0.0236 0.0177 
C50 0.0215 0.0161 

 

Deformation Limits for Different Performance Levels According to ASCE/SEI 41 (2017) 

Load-deformation relationships were obtained for the RC column models, using the guidelines provided 
in ASCE/SEI-41 (2017). For the nonlinear static procedure, the graphs describing the generalized force-
deformation relationship for the RC circular columns are displayed in Figure 3. The axial load ratio, spiral 
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reinforcement ratio, and the ratio of shear demand at flexural yielding to shear capacity (V"#/V%&'(#) were used to 
calculate the modeling parameters and acceptance criteria for the columns. 

 

 

 

0

0.2

0.4

0.6

0.8

1

1.2

1.4

0 0.02 0.04 0.06 0.08 0.1 0.12

V
/V

y

q

Spiral :F10/50mm (rs=0.0124)

N1
N2
N3
N4

0

0.2

0.4

0.6

0.8

1

1.2

1.4

0 0.02 0.04 0.06 0.08 0.1 0.12

V
/V

y

q

Spiral:F12/50mm (rs=0.0180)

N1
N2
N3
N4

0

0.2

0.4

0.6

0.8

1

1.2

1.4

0 0.02 0.04 0.06 0.08 0.1 0.12

V
/V

y

q

Spiral: F12/60mm (rs=0.0150)

N1
N2
N3
N4

0

0.2

0.4

0.6

0.8

1

1.2

1.4

0 0.02 0.04 0.06 0.08 0.1 0.12

V
/V

y

q

Spiral: F12/70mm (rs=0.0128)

N1
N2
N3
N4



Saeid Foroughi , Suleyman Bahadir Yuksel	

	 102	

 

 

0

0.2

0.4

0.6

0.8

1

1.2

1.4

0 0.02 0.04 0.06 0.08 0.1 0.12

V
/V

y

q

Spiral:F12/80mm (rs=0.0112)

N1
N2
N3
N4

0

0.2

0.4

0.6

0.8

1

1.2

1.4

0 0.02 0.04 0.06 0.08 0.1 0.12

V
/V

y

q

C40, Spiral:F12/50mm (rs=0.0180)

N
1

N
2

0

0.2

0.4

0.6

0.8

1

1.2

1.4

0 0.02 0.04 0.06 0.08 0.1 0.12

V
/V

y

q

C50, Spiral:F12/50mm (rs=0.0180)

N1
N2
N3
N4

0

0.2

0.4

0.6

0.8

1

1.2

1.4

0 0.02 0.04 0.06 0.08 0.1 0.12

V
/V

y

q

rs=0.018, Axial Load:N1

C30

C40

C50



Investigation of Deformation-Based Damage Limits for RC Columns in Different Seismic Codes 
 
	

	 103	

 
Figure 3. Generalized force-deformation relationship according to ASCE/SEI-41 (2017) 

 
According to ASCE/SEI-41 (2017), the V/V" value of the column increases with the increase of ρu. The 

V/V" value decreases with increasing N/N��� and f;�. The deformation ratio (θ) of the column increases with the 
increase of ρu and f;�. The deformation ratio decreases with an increasing N/N���. The LS and CP values increase 
with an increasing ρu and decrease with an increasing N/N���. By contrast, the LS and CP values in the circular 
column remain constant with an increasing f;�.  

 

Comparison of The Performance Levels Obtained 
The deformation limits for the different performance levels set in ASCE/SEI-41 (2017) and TBEC (2018) 

are shown in Figure 4. The results of the analyses for ASCE/SEI-41 (2017) are compared with the results of TBEC 
(2018) in Table 8. The differences between the performance level values calculated according to ASCE/SEI-41 
(2017) and those obtained according to TBEC (2018) are presented in Table 8 [ D% = (ASCE, 2017 −
TBEC, 2018)/ASCE, 2017)].  
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Figure 4. Comparison of deformation limits for different performance levels  
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Table 8. Comparison of the performance levels calculated for the different design 
parameters 

Material 𝜌l 𝑁/𝑁z�� 
Performance Level 

ASCE/SEI-41 (2017) TBEC (2018) D (%) 
𝜃�(LS) 𝜃�(CP) 𝜃�

(GY) 𝜃�
(Gk) LS (CD) CP 

C30 

0,0112 

0.1 0.053 0.074 0.030 0.040 43 45 
0.2 0.047 0.066 0.021 0.029 54 56 
0.3 0.042 0.059 0.017 0.022 61 63 
0.4 0.038 0.053 0.014 0.018 64 65 

0,0124 

0.1 0.053 0.075 0.032 0.043 39 42 
0.2 0.048 0.067 0.023 0.030 52 55 
0.3 0.043 0.061 0.018 0.024 59 61 
0.4 0.040 0.055 0.015 0.019 63 65 

0,0128 

0.1 0.054 0.075 0.034 0.045 36 40 
0.2 0.048 0.067 0.024 0.032 50 53 
0.3 0.044 0.061 0.019 0.025 56 59 
0.4 0.040 0.056 0.016 0.021 60 63 

0,015 

0.1 0.054 0.076 0.037 0.049 32 35 
0.2 0.050 0.070 0.026 0.035 47 49 
0.3 0.046 0.064 0.021 0.028 54 56 
0.4 0.042 0.059 0.017 0.023 60 62 

0,018 

0.1 0.055 0.077 0.042 0.056 24 27 
0.2 0.051 0.072 0.030 0.041 41 43 
0.3 0.048 0.067 0.024 0.032 49 52 
0.4 0.044 0.062 0.020 0.026 56 58 

C40 

0.018 

0.1 0.055 0.077 0.037 0.049 33 36 
0.2 0.051 0.072 0.025 0.034 51 53 
0.3 0.048 0.067 0.019 0.026 59 61 
0.4 0.044 0.062 0.016 0.021 65 66 

C50 

0.1 0.055 0.077 0.032 0.043 42 45 
0.2 0.051 0.072 0.022 0.029 58 60 
0.3 0.048 0.067 0.016 0.022 66 67 
0.4 0.044 0.062 0.014 0.018 70 71 
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CONCLUSIONS 
The deformation-based damage limits calculated according to the TBEC (2018) and ASCE/SEI-41 

(2017) regulations are valid for circular cantilever columns. Significant differences were observed in the cross-
section damage limits of ASCE/SEI-41 (2017) and TBEC (2018), which could change the performance level of 
the building. The estimated damage limit for each performance level had an average value of 0.09%. TBEC (2018) 
yielded lower values for all performance levels compared to ASCE/SEI-41 (2017). Furthermore, the ASCE 
regulation resulted in a 51% higher LS and 54% higher CP performance level compared to TBEC (2018). With 
the increase in the spiral reinforcement ratio, plastic rotation values increased for both LS (CD) and CP 
performance levels in both codes. Moreover, the increase in the spiral reinforcement ratio resulted in an increase 
in plastic rotation values for both LS (CD) and CP performance levels. By applying the TBEC (2018) regulation, 
increased compressive strength of concrete resulted in decreased plastic rotation values for both CD and CP 
performance levels. On the other hand, the LS and CP performance levels calculated according to ASCE/SEI-41 
(2017) remained constant. For both regulations, when the axial load levels increased, the plastic rotation values 
decreased for both LS (CD) and CP performance levels. Therefore, as the axial load levels increased, the damage 
limits decreased and the amount of spiral reinforcement became more crucial. The limitation stipulated by the 
regulation is thus highly effective. The difference between ASCE/SEI 41 (2017) and TBEC (2018) decreased with 
an increasing spiral reinforcement ratio for both LS (CD) and CP performance levels. The difference in the IO 
performance level remained fixed. The differences between ASCE/SEI-41 (2017) and TBEC (2018) increased 
with increasing axial load levels and compressive strengths of concrete for different performance levels. TBEC 
(2018) yielded approximately 50% conservative limits compared to the ASCE/SEI-41 (2017) limits. As a result, 
TBEC (2018) seems to offer safer and more ductile solutions than ASCE ASCE/SEI-41 (2017). 
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