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Abstract 

There are many structural factors that affect the earthquake performance of buildings. 

Heavy overhang is one of these factors which are made to increase the storey area on 

the storeys above the ground storey. Within the scope of this study, the effect of 

different heavy overhangs on the earthquake performance of the building was 

investigated, which are commonly used in reinforced-concrete (RC) structures. A 

sample RC building with no heavy overhangs was chosen as the reference building 

model for numerical analysis. The numerical analyses were carried out for a total of 

16 structural models designed by adding heavy overhangs of different lengths to 

different facades of the reference building model. The obtained results were 

compared with the results of the reference structure model without heavy overhang 

to reveal the heavy overhang effect. The period, base shear force, displacement, and 

performance levels were obtained for each structural model. It has been determined 

that the base shear force, period, and total mass increase with the increase of heavy 

overhangs, while the earthquake performance decreases. The obtained results clearly 

revealed that the earthquake performance was negatively affected by the increase in 

the amount of closed heavy overhang. 

 

 
1. Introduction 

 

Different damage levels may occur in engineering 

structures under the influence of earthquakes due to 

weak structural features and the magnitude of the 

earthquake. Damage levels are directly related to 

structural features. In particular, discontinuities and 

irregularities in the structures can increase the level 

and the amount of damage. In this context, in order to 

keep the loss of life and property at a lower level in 

the event of possible earthquakes in settlements that 

are very risky in terms of earthquake hazards, it is of 

great importance to consider earthquake-resistant 

building design principles both in the design and 

construction phases. Therefore, it is obvious that 

many factors that may adversely affect the earthquake 

performance of buildings should be taken into 

account, and studies on these issues will make 

significant contributions in this area [1], [2], [3], [4], 

[5].  
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Significant property and life losses occur due 

to structural damage as a result of destructive 

earthquakes [6], [7], [8]. It does not seem possible to 

predict and prevent earthquakes with today's 

technology [9], [10]. In this context, the design rules 

of earthquake-resistant engineering structures have 

become much more important [11], [12], [13], [14]. 

These rules, which may differ from country to 

country, are updated over time. It has carried out the 

necessary renovations and codes on this issue in 

Türkiye on different dates and has finalized and 

implemented the earthquake resistant building design 

principles with the Türkiye Building Earthquake 

Code (TBEC-2018) in 2018 [15], [16], [17], [18].  

Due to this change in the earthquake code, a change 

in the rapid assessment method used in the country 

has become inevitable [19].  

Irregularity and negativity parameters in the 

structures have found their place with their details 

both in the code and in the rapid assessment methods 
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that will affect the seismic behaviour. Heavy 

overhang is one of the factors taken into consideration 

in RC structures. Heavy overhangs are generally 

formed by increasing the ground floor area of the 

building on the upper floors. This subject has been 

studied in detail by different researchers. Sarı (2010) 

examined the effects of different structural 

parameters, which may be encountered in practice, on 

the seismic behaviour of the heavy overhangs. In the 

study, static pushover analysis was used for 16 

different building models, and the obtained results 

were compared [20]. Doğangün (2004) stated that 

heavy overhang was one of the reasons for the 

structural damage that occurred in May 1, 2003, 

Bingöl earthquake [21]. İnel et al. (2008) investigated 

the effects of structural parameters commonly 

encountered in Türkiye’s RC building stock on the 

seismic performance of the building. One of the 

parameters they examined is soft-storey irregularity 

with heavy overhangs [22]. Tesfamariam and Liu 

(2010) performed reinforcement scaling using 

different statistical methods. The heavy overhang 

ratio was included in six different parameters that they 

used in their study [23]. On the other hand, Saatçi and 

Vecchio (2009) experimentally investigated the 

overhang effects of beams on eight different RC 

beams. The values obtained as a result of 20 different 

experiments were compared, and the results were 

interpreted [24]. In his master's thesis study, Öz 

(2019) performed linear and non-linear time history 

analyses on the structural models he created with a 

1.50 m overhang for three different storeys and 

revealed the effect of closed heavy overhangs on the 

seismic behaviour of the building [25]. İnel et al. 

(2009) investigated the closed overhang irregularity 

created by beam lifting in the RC structures, 

depending on the amount of overhang. They stated 

that the seismic behaviour of the structure was 

significantly affected by the frame discontinuity that 

occurred with the removal of the beams [26]. In the 

study conducted by Meral (2019), for a sample RC 

building with 3 different storeys, non-linear time 

history analyses were made and the effect of 

overhangs on the earthquake behaviour of the 

building was revealed [27]. Meral and İnel (2016) 

created a total of 144 building models for 3 different 

storeys such as 2, 4 and 7-storeys, within the scope of 

their studies. They used static pushover analyses to 

reveal the effects of different parameters. Heavy 

overhang was one of the parameters they took into 

account [28]. Işık and Tozlu (2015) revealed the 

effects of different variables on the building 

performance score, such as heavy overhang, which 

are taken into account in the rapid assessment method 

[29]. Işık, et al. (2012) examined the heavy overhangs 

as one of the causes of structural damage in the 

Adilcevaz district, based on observation after the 

2011 Van earthquake [30]. Özmen (2005) compared 

the seismic performance of the RC structures for 

different parameters, including heavy overhangs, 

which are taken into account in rapid evaluation 

methods within the scope of his thesis [31]. 

This study examines the behaviour of heavy 

overhangs in RC buildings under earthquake effects, 

which are widely used. The aim of this study is to 

reveal at what level the closed heavy overhangs affect 

the earthquake performance of the building with 

different variations. For this purpose, a sample RC 

structural model was created, and structural analyses 

were carried out considering the current seismic 

design code in Türkiye. First of all, a regular RC 

building model was designed that does not contain 

any heavy overhang. In order to reveal the heavy 

overhang effect, analyses were carried out 

considering four different overhang lengths on 

different facades. Four different overhang lengths 

were taken into account: 0.80 m, 1.0 m, 1.2 m, and 1.5 

m. Structural models are grouped into four different 

categories: 1 facade, 2 facades, 3 facades, and 4 

facades. In this study, it is tried to reveal the effects of 

both the heavy overhang length and the number of 

facades on the structural analysis and performance 

results. In addition, the effect of heavy overhang was 

tried to be revealed by using the rapid scanning 

method recommended for Türkiye, which was 

updated with the seismic design code and seismic 

hazard map. According to TBEC-2018, this study, 

which is carried out with the details of performance 

analysis and heavy overhang irregularities, may 

contribute to this and similar studies. The comparison 

of the amount of heavy overhangs both on different 

facades and at different lengths according to TBEC-

2018 is what the study differentiates from other 

studies. In the study, the comparison and 

interpretation of the heavy overhang results according 

to the Turkish rapid assessment method that was 

updated in 2019 also makes the study different from 

other studies. 

 

2. Material and Method 

 

Engineering structures are exposed to different levels 

of damage due to their weak structural features and 

irregularities, and as a result of the structural damage, 

life and property losses occur on different scales 

depending on the magnitude of the earthquake. In 

general, low-strength concrete, insufficient 

reinforcement, non-usage of materials in accordance 

with the standards, and workmanship defects, as well 

as irregularities and negativities in the structures, 
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directly affect the damage levels in RC structures. 

These irregularities are included in the seismic design 

code. The types of irregularities considered in TBEC-

2018 are shown in Figure 1. 

 

 
Figure 1. Irregular buildings under earthquake in TBEC-

2018 

 

Irregularities in RC structures are also taken 

into account in the rapid assessment methods, which 

have been updated with the changes in TBEC-2018 

and have been used to determine regional risks in 

Türkiye since 2019 [32]. The negativity parameters 

taken into account in this rapid assessment method for 

the RC buildings are shown in Figure 2. 

 

Figure 2. Negativity parameters that specified in Türkiye 

rapid assessment method 

 

2.1. Heavy Overhang in RC Structures 
 

One of the factors that can affect the earthquake 

performance of RC structures is the presence of heavy 

overhangs. This type of heavy overhangs is common 

in every settlement. In general, such heavy overhang, 

which are made to increase the building area, are 

formed by making overhangs on one or more facades 

of the building. The lower building area, especially on 

the ground storey, is replaced by larger building areas 

on the upper storeys. Heavy overhang status is clearly 

stated within the negativity parameters taken into 

account in the rapid assessment method [33], [34], 

[35], [36]. In this method, the presence of heavy 

overhangs is determined according to Figure 3. 

 
Figure 3. Examples of overhangs (A) with overhang, (B) 

no overhangs, and (C) balcony with no overhangs. 

 

Some heavy overhangs encountered in practice 

in RC structures are shown in Figure 4. 

 

 
Figure 4. Heavy overhangs observed in existing RC 

structures 

 

In heavy overhangs, the presence of beams 

negatively affects the aesthetic appearance, and due 

to architectural needs, beams are often not built in 

areas with closed overhangs, resulting in a lack of 

connection between column and beam. Since beam 

deficiencies cause frame discontinuity, the load 

transfer mechanism between column and beam is 

adversely affected [26], [37]. It has been stated by the 

researchers that especially the closed overhangs made 

on one side increase the distance between the centre 

of gravity and stiffness of the structure, and that the 

increase in weight affects the earthquake behaviour of 

the structure [21]. It has been understood that 

buildings with heavy closed overhangs are more 

damaged during earthquakes than buildings that are 

regular along the height [38], [39]. In buildings with 

heavy overhangs, these parts are damaged after 

earthquakes. Some of the damages caused by heavy 

overhangs in different earthquakes are shown in 

Figure 5. 

 

2.2. Structural Models 

In this study, a sample RC building was made with no 

heavy overhangs so that the effects of heavy 

overhangs could be looked at. The blueprint of the 

reference building model is shown in Figure 6. 
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Figure 5. Damages observed in heavy overhangs after different earthquakes in Türkiye 

 

Figure 6. The plan of the reference RC building 

 

Earthquake parameters for the sample RC 

building were obtained using the Türkiye Earthquake 

Hazards Map Interactive Web Application 

(TEHMIWA). The values obtained through this 

application, depending on the location of the building, 

are shown in Table 1. 

 
Table 1. Earthquake parameters considered for the 

reference building 

Parameter Value 

Local soil class ZD 

Earthquake ground motion level DD-2 

Spectrum characteristic periods (TA /TB) 
0.13/0.

65 

Short period map spectral acceleration 

coefficient (Ss) 
0.274 

Map spectral acceleration coefficient for a 1.0 s 

period (S1) 
0.12 

Short period design spectral acceleration 

coefficient (SDS) 
0.433 

Design spectral acceleration coefficient for a 1.0 

s period (SD1) 
0.283 

Peak ground acceleration  (g) (PGA) (g) 0.122 

Peak ground velocity (PGV) (m/s) 9.31 

 

The structural parameters considered for the 

sample RC building are shown in Table 2. 

 
Table 2. Structural features for the reference building 

Number of storeys 7 

Total height of the building (m) 21.90 

Maximum storey height (m) 3.40 

Building importance coefficient (I) 1 

Building usage class (BKS) 3 

Ductility level High 

Earthquake design class (DTS) 3 

Building height class (BYS) 6 

Normal performance target Controlled Damage 

Evaluation / design approach Design by strength 

Material C25-B420C 

 

In this study, four different structural group 

models were created to examine the heavy overhang 

effect. Structural models are grouped into four 

different categories: only 1 facade, 2 facades, 3 

facades, and four facades. The models considered for 

each group while constructing the structural models 

are shown in Figure 7. 
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Figure 7. Structural models with heavy overhangs added 

to their facades a) one facade, b) two facades, c) three 

facades, d) four facades 

 

Four different overhangs were taken into 

account in each structural model group, such as 0.80 

m, 1.0 m, 1.2 m, and 1.5 m. The groups and the length 

of overhang of the structural models are shown in 

Table 3. 

 
Table 3. Structural models considered in the study 

Group Group I Group II Group III Group IV 

Length of 

overhang 

(m) 

0.8 1.0 1.20 1.50 

1 facade Model 1 Model 5 Model 9 Model 13 

2 facade Model 2 Model 6 Model 10 Model 14 

3 facade Model 3 Model 7 Model 11 Model 15 

4 facade Model 4 Model 8 Model 12 Model 16 

The values to be obtained for the 16 structural models 

were compared both with the reference building 

model without heavy overhangs and within the 

structural group. The mode superposition method was 

used in all structural analyses. 

 

3. Results and Discussion 

 

In this study, a total of 17 RC structural models were 

designed, and one of which is a reference building. 

Structural analyses were performed with IDECAD 

software [48] for four different heavy overhang cases 

for four different structural model groups. The total 

mass, period, and modal base shear forces obtained 

for all structural models are shown in Table 4. The 

percentages of change obtained for structural models 

with different heavy overhangs compared to the 

reference building are also given in Table 4. 

 

 

 

 

 

 

 

 
Table 4. Comparison of total mass, period and shear forces for the structural models

Group No Model  Total mass (t) % Period (s) % Modal base shear (tf) % 

Reference Reference 1525.96 0.00 1.172 0.00 44.62 0.00 

Group I 

Model 1 1660.22 0.09 1.251 0.07 48.554 0.09 

Model 2 1794.48 0.18 1.299 0.11 48.613 0.09 

Model 3 1910.14 0.25 1.316 0.12 49.987 0.12 

Model 4 2023.64 0.33 1.38 0.18 49.987 0.12 

Group II 

Model 5 1675.35 0.10 1.264 0.08 48.613 0.09 

Model 6 1824.74 0.20 1.313 0.12 48.748 0.09 

Model 7 1953.86 0.28 1.332 0.14 50.296 0.13 

Model 8 2079.86 0.36 1.406 0.20 52.298 0.17 

Group III 

Model 9 1690.53 0.11 1.277 0.09 48.425 0.09 

Model 10 1855.05 0.22 1.327 0.13 48.911 0.10 

Model 11 1997.64 0.31 1.349 0.15 50.612 0.13 

Model 12 2136.04 0.40 1.434 0.22 53.236 0.19 

Group IV 

Model 13 1713.17 0.12 1.298 0.11 47.807 0.07 

Model 14 1900.39 0.25 1.348 0.15 49.117 0.10 

Model 15 2063.17 0.35 1.382 0.18 51.106 0.15 

Model 16 2220.31 0.46 1.478 0.26 54.841 0.23 

Figure 8 shows a comparison of the total mass 

values that were found for all of the structural models 

that were looked at as part of the study.  
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Figure 8. Total mass values obtained for structural 

models 

 

The comparison of the total masses obtained 

for Group I (heavy overhang on one side) is shown in 

Figure 9 as an example. 

 

 
Figure 9. Comparison of total masses for Group I 

 

In order to have the heavy overhang length of 

1.50 m, one structural model was selected from each 

structural group in order to compare the heavy 

overhangs on different numbers of facades. The total 

mass values obtained for reference for a single facade 

(Model 4), two facades (Model 8), three facades 

(Model 12), and four facades (Model 16) when the 

heavy overhang is 1.50 m are shown in Figure 10. 

 

 
Figure 10. The effect of heavy overhangs on the total 

mass on different number of facades 

The comparison of the period values for 

selected structural models are shown in Figure 11. 

 

 
Figure 11. Comparison of the period values for all 

structural models 

 

The period values obtained for reference for a 

single facade (Model 4), two facades (Model 8), three 

facades (Model 12), and four facades (Model 16) 

when the heavy overhang is 1.50 m are shown in 

Figure 12. 

 

 
Figure 12. Comparison of periods for different number of 

facades 

 

The comparison of the period values obtained 

for Group IV (heavy overhang on all four facades) is 

shown in Figure 13, as an example. 

 

 
Figure 13. Comparison of periods for group IV 
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Column plastic rotations and section unit 

deformation demands for models where the heavy 

overhang length is constant (1.50 m) but the number 

of heavy overhangs increases sequentially for each 

facade are shown in Table 5. As an example, the S7 

column on the ground floor was taken as an example. 

 
Table 5. Column plastic rotations and section strain 

demands 

Group No Model No εC (10-3) εs(10-3) ɵp(rad) 

Reference Reference 2.290 5.242 0.00213 

Group I Model 4 3.266 6.370 0.00310 

Group II Model 8 3.422 6.535 0.00322 

Group III Model 12 3.582 6.702 0.00329 

Group IV Model 16 3.782 6.834 0.00345 

 

The displacement values obtained in the X and 

Y directions for heavy overhangs on equal but 

different numbers of facades are shown in Table 6. 

 
Table 6. Comparison of displacements 

Model 
Displacement (mm) 

X Y 

Reference Model 97.95 93.32 

Model 4 110.02 105.18 

Model 8 111.69 107.24 

Model 12 113.13 109.1 

Model 16 115.11 111.59 

 

The earthquake performance results of the 

models in which the heavy overhang length is 

constant (1.5 m) and the number of heavy overhangs 

increases sequentially for each facade are shown in 

Table 7. 

 

 

Table 7. Comparison of earthquake performances of some structural models 

Criteria Reference Model 4 Model 8 Model 12 Model 16 

Up to 35% of beams on any storey can pass into the 

forward Damage Zone 
0.00 0.00% 0.00% 0.00% 7.10% 

Contribution of vertical elements to the shear force in 

the Advanced Damage Zone should be less than 20% 
0.00 16.10% 16.20% 16.30% 16.40% 

The contribution of the vertical elements in the 

Advanced Damage Zone to the shear force on the top 

storey should be less than 40% 

0.00 0.00% 0.00% 0.00% 0.00% 

The ratio of shear force carried by vertical members 

whose Significant Damage Limit has been exceeded 

should not exceed 30%. 

0.00 0.00% 0.00% 0.00% 8.60% 

All other structural elements must be in the Limited or 

Significant Damage Zone 
 X X X X 

Building performance 
Controlled 

damage 
Collapse Collapse Collapse Collapse 

 

In the Turkish Rapid Assessment Method, 

which was updated in 2019, the effect of heavy 

overhang was also looked at as part of this study. 

According to this method, the negativity parameter 

scores recommended for a heavy overhang in RC 

structures depending on the number of stories are 

given in Table 8. 

 
Table 8. Negativity parameter score for overhang 

Number of storeys Heavy overhang 

1,2 -10 

3 -20 

4 -30 

5 -30 

6,7 -30 

 

In this method that used to determine the regional 

risk priorities in RC structures, the heavy overhang 

changes only according to the number of storeys. It 

has not been taken into account the amount of heavy 

overhang, its length, or how many facades there are. 

Within the scope of this study, structural performance 

scores were calculated for a sample building selected 

as an example in cases of no heavy overhangs and 

heavy overhangs for all storeys in the rapid evaluation 

method. All parameters are taken into account equally 

for the building with and without heavy overhangs. 

As a variable, only the presence of a heavy overhang 

was taken into account. For the selected RC building, 

the danger zone is selected as I. While selecting the 

base point, the values were chosen with the 

assumption that the sample RC structure consisted of  
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only the frame. A comparison of the obtained results 

is made in Table 9. 

 
Table 9. The effect of heavy overhang in the rapid 

assessment method 

Number 

of 

storeys 

Base 

score 

Heavy 

overhang 

negativity 

parameter score 

Reference 
Heavy 

overhang 

1,2 90 -10 90 80 

3 80 -20 80 60 

4 70 -30 70 40 

5 60 -30 60 30 

6,7 50 -30 50 20 

 

As the number of storeys increases, the 

performance score of the heavy overhang decreases 

for the building. In the rapid assessment method, the 

average effect of heavy overhang is 38%. As can be 

understood from this value, it is an important factor 

even in the simplified methods used in determining 

the risk priorities. While heavy overhangs are taken 

into account in the rapid evaluation method, the 

number of facades with heavy overhangs and the 

lengths of heavy overhangs are not taken into account. 

The result values obtained in this study revealed that 

the number and amount of facades with heavy 

overhangs directly affect the structural performance 

results. 
 

4. Conclusion and Suggestions 

 

Within the scope of this study, the behaviour of heavy 

overhangs in RC buildings, which are widely used, 

under earthquake effects was investigated. In future 

studies, different analyses, including the time-history 

analysis, will be able to analyse more structural 

models in different software programs. The data 

obtained from this study can be a source for such 

studies. 

The results were based on two main situations 

that show how heavy overhangs on RC buildings can 

have different effects on the structure. The first of 

these two main cases is the case where the length of 

the heavy overhang is kept constant and the heavy 

overhang is added to all facades, while the second 

case is the case where the number of heavy overhangs 

is kept constant and their lengths are applied in 

variable lengths. As a result of the analyses performed 

for all structural models within the scope of the study, 

the following results were obtained; 

• With the increase in the number of facades with 

heavy overhangs, it has been observed that the 

structural elements have difficulty performing 

compared to the reference model. Furthermore, 

the building performance of heavy overhangs 

on 1, 2, and 3 facades, while controlled damage 

occurred as in the reference model, was 

obtained as the collapse state in the model with 

heavy overhangs on 4 facades. 

• The period value increased as the length of the 

heavy overhang and the number of facades with 

heavy overhangs increased. The high period 

value is related to the rigidity of the structure. 

Therefore, the rigidity of structures with heavy 

overhangs will be lower than that of structures 

without heavy overhangs. 

• As more heavy overhangs were added to the 

facades of the sample RC building, the 

building's weight naturally went up. 

• It has been found that the value of the base 

shear force goes up as more heavy overhangs 

are added to the facades. 

• When compared to the reference model, the 

number of heavy overhangs added to the 

facades of the Group IV models caused both 

the concrete section unit shortening and the 

reinforcing steel unit strain to go up. 

• Plastic rotation has increased compared to the 

reference model due to the increase in the 

number of added heavy overhangs. 

• It was seen that the length of the heavy 

overhang made the building less stable during 

an earthquake. 

• Models with heavy overhangs on one side and 

variable lengths (0.8 m-1m-1.2 m-1.5 m) had 

the same performance compared to the 

reference model, and the building performance 

of 5 models was found to be controlled damage. 

• The performance of all models with heavy 

overhangs on all four facades and variable 

lengths has been found to collapse. In all 

models with heavy overhang, the contribution 

of vertical elements in the forward damage 

zone to the shear force increased, respectively. 

In addition, the forward damage zone 

penetration of the beams in the 16th model 

increased by percentage. 

As a result, it is necessary to avoid, as much as 

possible, the parameters that will negatively affect the 

behaviour of structures under the effects of 

earthquakes. In cases of necessity, it is obligatory to 

take the necessary preventive measures. This study 

was carried out by analysing the regular RC structure. 
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These results can be compared with future studies for 

irregular buildings. 

It can also be suggested that the number of 

facades with heavy overhangs be integrated into the 

scoring in the rapid assessment method. 
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