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Article Info  Abstract 

Article History:  The aim of this study investigates the minimum required gap distance to prevent 
collision of three dimensional-(3D) adjacent reinforced concrete buildings 
considering torsional irregularity. In the scope of this study, four individual 
buildings are designed without torsional irregularity (regular) and four individual 
buildings are also designed with torsional irregularity. 24 different adjacent 
buildings model are derived from these individual buildings. Nonlinear behavior 
is considered with plastic hinges which are assigned to both ends of structural 
members. Bidirectional nonlinear time history analyses are carried out using 
spectrum compatible 11 ground motion pairs. As a result of the analyses, the 
required gap distance to prevent collision of adjacent buildings is calculated. These 
results shows that the minimum gap distances recommended in Turkish Building 
Earthquake Code-2018(TBEC-2018) is average 45% less compared to the analysis 
results. For this reason, it is proposed that a constant coefficient () in TBEC-2018 
be revised to 2.89 for calculating gap distances more compatible with nonlinear 
analyses. 
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1. Introduction 

Insufficient separation distance between adjacent reinforced concrete buildings poses significant 
risks during seismic events, leading to a phenomenon known as structural pounding. This occurs 
when buildings collide due to lateral movements induced by ground shaking, which can cause 
localized failures at contact points, structural deformations, or even total collapse [1,2]. Many 
design codes [3,4] provide guidelines on the minimum separation distances necessary to mitigate 
this risk. However, these recommendations are often not adhered to in practice, particularly in 
densely populated urban environments where land is scarce [5,6]. In addition, observations made 
after earthquakes also indicated that the provisions of the regulations may be inadequate [7,8]. It 
highlights the urgent need for adequate planning and construction practices [9,10]. Thus, 
understanding the risks associated with insufficient separation distance is essential for improving 
the resilience of urban infrastructure against earthquakes. 

The characteristics of the buildings, including their height, structural configuration, and dynamic 
properties, critically affect the severity of this phenomenon. Research indicates that the story 
configuration between adjacent RC buildings plays a pivotal role in seismic pounding outcomes. In 
a study by Manoukas and Karayannis, it was shown that when adjacent RC frames have differing 
story heights, the dynamics of pounding can result in significant structural responses, often leading 
to adverse impacts on taller structures [11]. Sadeghi et al. evaluated the story height effect on 
pounding behavior via Monte Carlo simulation method and highlighted more critical of different 
story heights [12]. Moreover, varying stiffness, mass and reinforcement detailing characteristics 
among interacting buildings respect to code regulations can exacerbate relative displacements 
during seismic events [13-14]. Kazemi et al. underscored that the lateral load resistance system 
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and fundamental natural period are influential factors that dictate the collision effects, highlighting 
the necessity for sufficient separation distances to minimize pounding [15]. The researchers found 
that without adequate spacing, the interaction stemming from differences in stiffness leads to 
increased vulnerability [15]. This finding is echoed in Hosseini et al.'s analysis, which revealed that 
non-uniform ground motions can considerably influence the pounding behavior of adjacent RC 
frames, causing a detrimental increase in damage indices due to collisions [16]. Ground conditions 
also play an essential role in the pounding response of structures and seismic performance [17]. 
Elwardany et al. investigated how soil-structure interaction (SSI) impacts seismic pounding, 
highlighting that flexible soil conditions can amplify the effects of pounding on adjacent buildings, 
potentially leading to more severe structural damage [18]. Furthermore, the non-linear responses 
of buildings under seismic loading scrutinized in various studies emphasize the significance of 
evaluating structural pounding alongside SSI effects [19-20]. Oz evaluated pounding effects 
together with SSI and highlighted the increase in relative story drift demands and acceleration 
values, particularly in shorter buildings [21]. Another emphasis in the studies relates to torsional 
irregularity can increase potential collision impacts [22-28]. However, studies considering 
torsional effects are quite limited and have generally been conducted for elastic and Single Degree 
of Freedom (SDOF) models [29-31]. Raheem et al. [32] investigates seismic performance of 3D 
irregular adjacent buildings. It was concluded that higher eccentricity leads to greater horizontal 
floor displacements and twisting motions. On the other hand, some researchers [33-34] have stated 
that the pounding effect may be reduced in irregular buildings by using tuned mass dampers or 
fluid viscous dampers. The number of studies using 3D irregular nonlinear models and considered 
ground motion have significantly limited [35-36]. However, studies recommend required gap 
distances [37-38] generally used regular building models. 

In code regulations and research generally consider three methods for calculating required gap 
distances [2]. There are the Absolute Sum (ABS), the Square Root of the Sum of the Squares (SRSS), 
and the Double Difference Combination (DDC) methods. The ABS method provides a conservative 
estimate by considering only the individual dynamic characteristics of each building without 
accounting for their interaction [39]. The SRSS method offers a more sophisticated approach that 
combines the modal properties of both buildings, yielding practical results that may reduce the gap 
distance while ensuring safety, as suggested by relevant codes [40]. The DDC method integrates the 
effects of both buildings' responses during seismic events more comprehensively and has been 
considered the most accurate in predicting necessary separation distances to avoid pounding [2]. 
However, it is more complex to implement, which may deter its application in practice. 

The incorporation of engineering strategies aimed at reducing collision risks, along with adherence 
to appropriate structural design codes, can enhance the resilience of buildings in urban 
environments susceptible to earthquake activity. For these reasons, the study investigates required 
gap distance with nonlinear 3D low and mid-rise buildings considering torsional irregularity. 528 
nonlinear time-history analyses were performed with 11 spectrum compatible ground motion 
pairs. The required gap distance is calculated with the results of analysis. The results compared to 
gap distance proposed in TBEC-2018 [41] regulation. In line with this, a new approach was 
developed by questioning the validity of the code provisions. The proposed approach ensures more 
compatibility with nonlinear analysis results compared to TBEC-2018 [41] requirements. 

2. Characteristics of Ground Motions  

Ground motion record properties such as frequency content, time, amplitude significantly affect 
nonlinear time history analysis results [42]. For this reason, selecting and scaling criteria for 
ground motion records are very important. Generally, three different selecting ways are known. 
These may be summarized as selection by simulation, production of artificial ground motions and 
use of real ground motion records. The use of real ground motion records among these is suggested 
for more reliable results [43]. 

In this study, spectrum compatible real ground motion record selecting was made respect to TBEC-
2018 [41] requirements. The earthquake level is selected for ground motions with 10% probability 
of exceedance in 50 years. First, parameters for elastic acceleration spectrum with %5 damping 



Ozer / Research on Engineering Structures & Materials x(x) (xxxx) xx-xx 
 

3 

ratio were calculated respect to the accounted seismicity of the building models. Values of the 
short-period design spectral acceleration coefficient (SDS), the design spectral acceleration 
coefficient for the 1.0 s period (SD1), the short-period design spectral acceleration coefficient (SS) 
and the design spectral acceleration coefficient for the 1.0 s period (S1) are 1.135, 0.658, 1.135, 
0.261, respectively. The corresponding of the FEMA-P-1051 [44] of SDS, SD1, SS and S1 parameters 
considered in the TBEC-2018 [41] are SMS, SM1, SS and S1, respectively. Target design spectrum is 1.3 
times the design spectrum. PEER Ground Motion Database (PEER) [45] was used for selecting and 
scaling ground motion records. A ground motion pair includes two horizontal components, and 
these components are scaled the same scale factor. The resultant horizontal spectrum by SRSS 
method of each component was determined. The average of 11 ground motion pairs was scaled 
compatible with the target spectrum between 0.2Tp -1.5Tp. Tp represents dominant period value of 
buildings. Additionally, the average spectrum has not less than 10% of the target spectrum. Fig. 1 
shows the resultant horizontal spectrums, average spectrum, target spectrum and design 
spectrum. Other properties of ground motions considered in the study are given in Table 1. For 
code requirements, both components of scaled ground motion pairs were applied to the three-
dimensional (3D) building at the same time in the direction of the principal axes. 

 
Fig. 1. Elastic acceleration spectrum of the scaled records for 5% damping 

Table 1. Ground motion record properties used in the study [45] 

No RSN Earthquake Year Location Mw 
Componenet 

H1-H2 
PGA 
(g) 

Vs30 
(m/s) 

Scale 
Factor 

1 88 San Fernando 1971 Santa Felita Dam 6.6 000-090 0.387 389.0 2.5 

2 164 Imperial Valley-06 1979 Cerro Prieto 6.5 000-090 0.252 471.5 1.5 

3 302 Irpinia_ Italy-02 1980 Rionero In Vulture 6.2 000-270 0.399 574.9 4.0 

4 313 Corinth_ Greece 1981 Corinth 6.6 000-090 0.592 361.4 2.0 

5 548 Chalfant Valley-02 1986 Benton 6.2 270-360 0.733 370.9 3.5 

6 1614 Duzce_ Turkey 1999 Lamont 1061 7.1 E-N 0.525 481.0 4.0 

7 1633 Manjil_ Iran 1990 Abbar 7.4 000-090 0.617 724.0 1.2 

8 3750 Cape Mendocino 1992 Loleta Fire Station 7.0 270-360 0.531 515.7 2.0 

9 3759 Landers 1992 Whitewater T.Farm 7.3 180-270 0.494 425.0 4.0 

10 5815 Iwate_ Japan 2008 Yuzawa 6.9 EW-NS 0.791 655.5 4.0 

11 6915 Darfield_ N.Zealand 2010 Heathcote V. PS 7.0 000-090 0.930 422.0 1.2 
 

3. Details of Modelling and Analysis 

3.1. Building Models 

Three dimensional (3D) nonlinear low and mid-rise reinforced concrete (RC) residential buildings 
are considered in this study. Buildings consist of 3, 5, 7 and 9 stories. The story height was selected 
as 3.2 m in all floors of building models. Slab thickness is taken as 15 cm, and each slab weight is 
added to the related beam members as 4.7 kN/m. Live loads for residential buildings are 
determined as 2 kN/m2 from TS498 [46]. In building design and analysis, TBEC-2018 [41] 
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provisions were considered. Material properties are assumed to be 30 MPa for the concrete 
compressive strength and 420 MPa for the yield strength of both longitudinal and transverse 
reinforcements.  

 

T=0.51 s 

 

T=0.48 s 
(a) Regular 3-story (b) Irregular 3-story 

 

T=0.87 s 

 

T=0.84 s 
(c) Regular 5-story (d) Irregular 5-story 

 

T=1.15 s 

 

T=1.12 s 
(e) Regular 7-story (f) Irregular 7-story 

 

T=1.33 s 

 

T=1.31 s 
(g) Regular 9-story (h) Irregular 9-story 

Fig. 2. Plan view and predominant period values of the considered buildings 

The longitudinal reinforcement ratio for column elements is between 1-1.15%. The high ductility 
buildings were modelled and analyzed in SAP2000 program [47]. The effective cross-section 
stiffness of column and beam members were assumed 0.70EI and 0.35EI as defined in TBEC-2018 
[41] respectively. Soil type is assumed ZC that is similar to soil type C of FEMA-P-450 [48]. The 
design of buildings respect to elastic design spectrum with a return period of 475 years is made. 
Nonlinear behavior was considered with user-defined plastic hinges which were assigned to both 
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end of structural members. Since time history analyses performed as bi-directional, plastic hinges 
at column members were applied considering M2-M3 interaction. 

On the other hand, the difference between regular (e0) and irregular(e20) buildings is the distance 
between their mass center and rigidity center. While this distance in plan-view of regular buildings 
is negligible level, this distance in plan-view of irregular buildings 20% of building length in y-
direction (perpendicular to possible collision direction). The plan views and dominant period 
values of models are illustrated in Fig. 2. 

3.2. Adjacent Models and Link Elements 

Adjacent binary models consist of regular and/or irregular buildings. 24 adjacent model 
combinations are summarized in Table 2. In table, e0e0-35 model represents regular 3-story 
building and regular 5-story building combination. While e0e20-57 model represents regular 5-
story building and irregular 7-story building combination, e20e0-57 model represents irregular 5-
story building and regular 7-story building combination. The individual buildings with the same 
story height are connected to each other by Kelvin link elements [49,50] from column to column at 
story slab levels as in 3D view. 

Table 2. Derived adjacent models with combination of individual buildings 

 
Adjacent  

Model 

Individual Model 
General plan view of  

adjacent building combination 
e0 e20 

 3 5 7 9 3 5 7 9 

 

35 

e0-e0 

+ +       
37 +  +      
39 +   +     
57  + +      
59  +  +     

79   + +     

 

35 

e0-e20 

+     +   
37 +      +  
39 +       + 
57  +     +  
59  +      + 

79   +     + 

 

35 

e20-e0 

 +   +    
37   +  +    
39    + +    
57   +   +   
59    +  +   

79    +   +  

 

35 

e20-e20 

    + +   
37     +  +  
39     +   + 
57      + +  
59      +  + 

79       + + 

General 3D view and link details 

 
 

Kelvin link element model in Fig. 3 consists of linear spring, damper and gap distance. The spring 
activates in case of insufficient gap distance and produces force according to Eq (1) [49,50]. This 
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implies a collision. If gap distance is sufficient, it means collision does not occur, the spring force 
equals to zero [51-54].  

 
(a) 

 
(b) 

Fig. 3. (a) Kelvin model and (b)force–deformation relationship [47-48]  

In the literature, many studies addressing concrete-to-concrete collisions have chosen a stiffness 
value between 1E10 and 1E11 N/m [53], [55]-[56]. This value as 1E10 was assigned to the link 
elements. Damping coefficient (ck) is calculated respect to seismic weights in Table 3 and Eq (2)- 
Eq (3). The energy efficiency coefficient (e) was also taken as 0.65 for concrete-concrete collision 
as in many studies [53], [55]-[56]. However, since no collisions were expected for 4 m gap distance, 
these values are not significant in the distances obtained in the study.  

𝐹 = {
𝐾𝑘(  𝑢1 − 𝑢2 − 𝑔𝑝) + 𝑐𝑘(  𝑢1̇ − 𝑢̇2), (  𝑢1 − 𝑢2) ≥ 𝑔𝑝

0, (  𝑢1 − 𝑢2) < 𝑔𝑝

 (1) 

𝑐𝑘 = 2𝜉√𝐾𝑘

𝑚1𝑚2

𝑚1 + 𝑚2
 (2) 

𝜉 = −
𝑙𝑛 (𝑒)

√𝜋2 + (𝑙𝑛(𝑒))2
 (3) 

Table 3. Seismic weights of individual buildings 

Seismic Weight  
(kN) 

Story 
3-story 5-story 7-story 9-story 

e0 4623.6 12753.8 19885.5 24734.4 
e20 4775.4 13102.9 20047.6 25708.8 

 

4. TBEC-2018 Requirements for Calculating Seismic Gap Distance 

International regulations [3, 4, 57] and studies [2, 58] related to minimum gap distance are 
generally based on three different methods. These are absolute sums (ABS method) of the peak 
displacements of adjacent buildings, square roots of the sum of the squares (SRSS method) of the 
adjacent building peak displacements and double difference combination (DDC method) based on 
spectral displacement. It is known that these methods have many advantages and disadvantages 
compared to each other. This section as in the modeling and analysis stages investigates in the 
formulations and methods regarding the required gap distance (gp) suggested in TBEC-2018 [41]. 

TBEC-2018 [41] proposes SRSS method based on reduced elastic displacement values for adjacent 
buildings. Minimum gap distance of adjacent buildings to prevent collision in TBEC-2018 [41] 
considering SRSS method is calculated respect to Eq (4). u and a represent reduced elastic 
displacement value and constant coefficient, respectively. Subscript ‘1’ and ‘2’ implies building with 
the longer oscillation period and building with the shorter oscillation period, respectively. The 
constant coefficient (a) varies depending on whether the floor slabs are at the same level on all 
floors of adjacent buildings. Since the floor levels are the same on all floors of the adjacent 
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residential buildings with high ductility considered in this study, the value of the coefficient is 2. 
Additionally, TBEC-2018 [41] recommends also another formulation in Eq (5) based on building 
height. H in the equation represents building height. It should be also explained that while unit of 
building height is meter, the unit of gap distance obtained from equation is centimeter. More critical 
gap distance from both calculated values is considered in cases of design and seismic performance 
evaluation. 

𝑔𝑝−(𝑇𝐵𝐸𝐶−2018−𝑎) = 𝛼√𝑢1
2 + 𝑢2

2 (4) 

𝑔𝑝−(𝑇𝐵𝐸𝐶−2018−𝑏) = {
3, 𝐻 < 6 𝑚

(𝐻 − 6)/3 + 3, 𝐻 ≥ 6 𝑚
 (5) 

5. Results and Discussion 

This study investigates required gap distance to prevent collision of adjacent buildings considering 
torsional effects. Adjacent models were derived from regular and irregular 3D nonlinear 3, 5, 7 and 
9-story individual buildings. Nonlinear time-history analysis for 24 adjacent models were 
performed as bi-directional with spectrum-compatible 11 ground motion pairs in the SAP2000 [47] 
program. The required gap distances to prevent collision were obtained from 528 nonlinear 
dynamic analysis. The validity of TBEC-2018 [41] was evaluated with the nonlinear analysis results. 
Additionally, a new calculating method has been proposed for TBEC-2018 [41]. This calculating 
method achieves the more compatible gap distance with nonlinear analysis results to prevent 
collision compared to the TBEC-2018 [41] regulation requirements. 

5.1. Required Gap Distance Based on Nonlinear Analysis 

The required gap distances (𝑔𝑝−𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑) to prevent collision were obtained from 528 nonlinear 

dynamic analysis respect to Eq (6). u1(t) and u2(t) parameters represent horizontal displacement 
demands of adjacent buildings at the story where the possible collision occurs and were calculated 
step by step throughout the earthquake duration. Average of calculated maximum values are given 
in Table 4. Additionally, required gap distances are categorized in Table 5 respect to number of 
story and eccentricity cases. The change is calculated as 16.1% and 12.4% at most respect to the 
number of story and eccentricity cases, respectively. The mean and standard deviation values for 
all models were determined as 86.4 mm and 15.8 mm, respectively. 

𝑔𝑝−𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑 = 𝑚𝑎𝑥 |𝑢1(𝑡) − 𝑢2(𝑡)| (6) 

Table 4. Required gap distance of adjacent buildings respect to nonlinear analysis 

Model 
Average 

gp-required (mm) 
Model 

Average 
gp-required (mm) 

e0-e0 

3-5 97.5 

e0-e20 

3-5 89.6 
3-7 92.1 3-7 83.5 
3-9 68.5 3-9 71.7 
5-7 100.7 5-7 55.3 
5-9 104.9 5-9 101.7 
7-9 74.6 7-9 69.9 

e20-e0 

3-5 92.3 

e20-e20 

3-5 89.7 
3-7 84.1 3-7 80.3 
3-9 63.1 3-9 62.7 
5-7 106.2 5-7 107.7 
5-9 106.3 5-9 110.2 
7-9 84.4 7-9 76.1 
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Table 5. Average required gap distance respect to the number of story and eccentricity cases 

Model 
Proposed gap distance (mm) 

e0-e0 e0-e20 e20-e0 e20-e20 Average 
3-story 86.0 81.6 79.8 77.6 81.3 
5-story 101.0 82.2 101.6 102.5 96.8 
7-story 89.1 69.6 91.6 88.0 84.6 
9-story 82.7 81.1 84.6 83.0 82.8 
Average 89.7 78.6 89.4 87.8 86.4 

 

5.2. Required Gap Distances Respect to TBEC-2018 

In this section, the required gap distances respect to TBEC-2018 [41] were calculated in Table 6. 
The minimum required gap distance values obtained from Eq 2 and Eq 3 are given “a” and “b” 
column, respectively. More critical (maximum) of both gap distance values is also given “max” 
column. While average gap distance based on reduced elastic displacement demands is 66.3 mm, 
the average gap distance based on building height is 56.2 mm. Standard deviation values of both 
gap distance calculating approaches were also given in the table. The average gap distance to be 
considered in the design and seismic performance evaluation was determined as 66.5 mm. 
Additionally, many critical gap distances were obtained from reduced elastic displacement values 
as in Fig. 4 and Table 6. Further, it is possible to state that the difference between the approaches 
and required gap distance generally increases as the number of floors of adjacent buildings 
increases. 

Table 6. Required gap distance of adjacent buildings respect to TBEC-2018 requirements 

 

Model 
gp (TBEC-2018) (mm) 

(a) (b) (max) 

e0-e0 

3-5 40.2 42.0 42.0 
3-7 50.4 42.0 50.4 
3-9 46.3 42.0 46.3 
5-7 71.4 63.3 71.4 
5-9 67.6 63.3 67.6 
7-9 109.1 84.7 109.1 

e0-e20 

3-5 48.5 42.0 48.5 
3-7 48.8 42.0 48.8 
3-9 45.5 42.0 45.5 
5-7 69.9 63.3 69.9 
5-9 67.7 63.3 67.7 
7-9 110.0 84.7 110.0 

e20-e0 

3-5 38.7 42.0 42.0 
3-7 49.1 42.0 49.1 
3-9 45.0 42.0 45.0 
5-7 83.7 63.3 83.7 
5-9 80.4 63.3 80.4 
7-9 108.2 84.7 108.2 

e20-e20 

3-5 47.3 42.0 47.3 
3-7 47.6 42.0 47.6 
3-9 44.1 42.0 44.1 
5-7 82.4 63.3 82.4 
5-9 80.5 63.3 80.5 
7-9 109.2 84.7 109.2 

Average 66.3 56.2 66.5 
Standard Deviation 23.7 15.9 23.4 
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Fig. 4. The seismic gap distances calculated respect to TBEC-2018 regulation 

5.3. Assessment of the Validity of TBEC-2018 Requirements and A New Approach 

The validity of TBEC-2018 [41] provisions investigated with detail nonlinear analysis results. The 
nonlinear analysis results (gp-required) are divided by gap distances (gp-TBEC-2018-max) proposed in 
TBEC-2018 as in Fig. 5. Gap distances suggested in TBEC-2018 [41] are sufficient for only five 
models (generally 7and 9-story adjacent models) compared to nonlinear analysis results. For other 
models, TBEC-2018 [41] requirements are insufficient up to 2.3 times and average 1.4 times. 

 
Fig. 5. The ratio of seismic gap distances obtained from the nonlinear analysis to proposed 

distances in the TBEC-2018 regulation 

 

Fig. 6. The relationship between building period ratio and αproposed coefficient 
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If the required gap distances obtained from nonlinear analyses are divided by half of the 
displacement demands recommended in gp-TBEC-2018-a, revised coefficients (proposed) more 
compatible with nonlinear analyses are obtained. Fig. 6 illustrates the proposed and revised 
coefficients for the adjacent models. Additionally, proposed are categorized in Table 7 respect to 
number of story and eccentricity cases. The change is calculated as 32.6% and 14.1% at most 
respect to the number of story and eccentricity cases, respectively. Average value of the revised 
coefficients is 2.89. For calculating safer and more valid gap distances compared to current, it is 
recommended that the relevant coefficient in TBEC-2018 [41] be revised to 2.89. However, it 
should be noted that the proposed coefficient may vary for different soil classes, earthquake levels, 
eccentricity ratios, and building models. Therefore, it is recommended that future studies increase 
the reliability of the results by increasing the model diversity. 

Table 7. Proposed  coefficients respect to the number of story and eccentricity cases 

Model 
Proposed  coefficient 

e0-e0 e0-e20 e20-e0 e20-e20 Average 
3-story 3.82 3.42 3.67 3.34 3.56 
5-story 3.59 2.76 3.32 3.05 3.18 
7-story 2.61 2.09 2.51 2.46 2.42 
9-story 2.48 2.48 2.34 2.32 2.40 
Average 3.13 2.69 2.96 2.79 2.89 

 

6. Conclusions 

This study investigated to required gap distance of adjacent buildings considering torsional 
irregularity. 3D nonlinear 3, 5, 7 and 9-story buildings were subjected to 11 spectrum-compatible 
ground motion pairs. Nonlinear behavior of low- and mid-rise buildings is considered with plastic 
hinges assigned to both end of column and beam members is considered with plastic hinges. The 
individual buildings with the same story height are connected to each other by Kelvin link elements 
from column to column at story slab levels. Required gap distances to prevent collision are obtained 
from 528 nonlinear time-history analysis results. TBEC-2018 [41] requirements compared to 
nonlinear analysis results. In this way, validity of TBEC-2018 requirements is also investigated. 
Additionally, a new coefficient for possible TBEC-2018 [41] regulation was proposed. The findings 
of the study are summarized as below: 

• It has been determined with nonlinear time-history analysis regarding the required gap 
distance between adjacent buildings that average gap distance should be 86.4 mm. 

• The change of required gap distance is calculated as 16.1% and 12.4% at most respect to the 
number of story and eccentricity cases, respectively 

• TBEC-2018 regulation recommends an average 66.5 mm gap distance between adjacent 
buildings considered the study for prevent collision. 

• It has been determined with nonlinear time history analysis regarding the required gap 
distance between adjacent buildings that TBEC-2018 requirements are insufficient up to 2.3 
times and average 1.4 times. 

• Therefore, the existing constant coefficient () in TBEC-2018 proposed to be revised as 2.89 
for calculating gap distances more compatible with nonlinear analyses. The change is 
calculated as 32.6% and 14.1% at most respect to the number of story and eccentricity cases, 
respectively. 

• It should not be forgotten that the results obtained from nonlinear analysis may vary for 
different frequency contents, soil types, eccentricity ratios and earthquake levels. For this 
reason, the limits of code based proposed approach for more comprehensive and reliable gap 
distance calculating should be tested in future studies.  
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