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Abstract: Since the formation of the world, it is known that the earthquakes in seismic-active regions are occurring in sequences and from their results there are losses to 
millions of people and buildings. As Turkey is located in one of the worldꞌs most active seismic zones there are many studies for minimizing the damages especially at 
buildings during earthquakes. In this study, the seismic analyses were handled for a 10-storey unsymmetrical (L-shaped) building according to the Turkish Earthquake Code 
(TEC). These analyses contain the controls of A1-torsional irregularity, B2-weak-storey irregularity, relative storey displacements and second order effects. Furthermore, 
due to the lack of symmetry of the building, model was analysed for both +X and +Y directions. In order to correct irregularities which would occur in building models, the 
shear walls will be placed in different +X and +Y axles and positions and the analyses were repeated. According to the results for the case of an earthquake the safest and 
the most economical building model was suggested. Loads in all analyses in the study were calculated using "Equivalent Earthquake Loading Method" stated in TEC. The 
results will reveal a new look especially in the earthquake engineering. 
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1 INTRODUCTION 
 

Since the formation of the world, it is known that the 
earthquakes in seismic-active regions were occurring in 
sequences and from their results millions of people and 
shelters were damaged. There are studies on earthquake 
estimation and modelling by civil, geological and 
geophysical engineering disciplines. For this aim, required 
data can be taken from related departments such as 
seismological bureaux in countries, United States 
Geological Survey (USGS) [1]. Turkey is located in one of 
the worldꞌs most active earthquake zones. In the past, there 
were several devastating earthquakes in Turkey, so it is real 
that many properties and lives can be damaged and 
destroyed by earthquakes. 

According to maps of earthquake zones, it is known 
that 92% of Turkey is in the earthquake zones, 95% of 
population lives under the threat of earthquakes, 98% of 
large industrial centres and 93% of dams are located in 
earthquake zones. The Erzincan, Ceyhan, Izmit, Duzce and 
Afyon earthquakes (between years 1992-2003 and 
magnitudes 6.3-7.4) are the most destructive earthquakes 
of Turkey in the last 14 years [2]. Due to the earthquakes 
in the last 58 years, 58202 people lost their lives, 122096 
people were injured and nearly 411465 buildings were 
destroyed or severely damaged. So nearly 1003 people died 
and 7094 buildings were destroyed every year in Turkey 
because of earthquakes.  

Tall buildings can be affected by horizontal forces 
such as wind and earthquake. Nevertheless, horizontal load 
systems for tall buildings are developed. Generally, 
improper applications are causing the formation of various 
irregularities on structures. Also, unforeseeable results can 
be monitored especially on unsymmetrical buildings with 
different loads. It is a very important issue that the seismic 
performance decline of the buildings based on structural 
irregularities as weak-storey irregularity, torsional 
irregularity etc., [3]. 

The irregularities on structures should be taken into 
consideration at the preliminary design stage [4]. Also, 
pushover analysis should be both in +X and +Y directions 
[5]. Because the structure under earthquake loads can be 
demonstrated different reactions against earthquake loads 

from different directions. Software as ETABS, SAP2000, 
MIDAS/GEN, SATWE etc. can be widely used in the 
structural analysis [6]. TEC is taken into consideration for 
the displacement limits as in the case of Acun & Sucuoglu 
(2011). Soyluk & Tuna (2011) checked irregularities 
according to TEC [7, 8]. It is known that after construction, 
the rehabilitation or restoration procedures of the building 
are not easy for application, also they have high costs. In 
some cases, reconstruction process may be required. A lot of 
studies are available about strengthening conducted on 
elements of load-carrying system such as beam, column etc., 
[9]. 

It is known that the optimization is required between 
safety and economical engineering design considering 
earthquake effects. In this study, torsional irregularity was 
handled due to its significance on unsymmetrical building 
during earthquake loads. The studies about torsional effects 
on buildings during earthquake were started before 1980s 
[10]. The seismic performances of the irregular structures 
were evaluated in this scope [11]. Also, some computer 
programs as DURTES can be used for the rapid estimation 
of the buildings for potential seismic hazard [12]. 
Additionally, new materials as geopolymer can be assessed 
in construction projects [13]. There are some national 
building codes under earthquake loads to construct buildings 
in the countries as Bulgaria [14]. 

The earthquake loads on buildings should be considered 
in detail. Earthquake codes as The European seismic code 8 
(Eurocode 8) classify structures by some criteria as 
eccentricity, torsional radius and stiffness. Especially, 
torsional irregularity effects cannot be fixed after real 
earthquake loads, so the subject is still hot. There are new 
studies on torsional provisions [15-18]. Also, Structural 
Equation Modeling (SEM) can be applied after static and 
dynamic load calculations [19]. 

Shear walls can change the behaviour of the building 
during earthquake. Structural analyses were evaluated 
before considering shear walls in terms of irregularity 
controls [20]. The regulations of TEC for shear walls were 
interpreted with definitions of minimum dimensions of shear 
walls [21]. Although there are studies about steel shear walls 
[22], the studies on reinforced concrete shear walls under 
earthquake loads are limited. 
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The novelty of this study is investigation of torsional 
irregularity effects on an L-shaped unsymmetrical building. 
The calculations are made in SAP2000 software and some 
design criteria are evaluated. As a solution, shear wall 
positions are assessed in the study. 
 
2 MATERIALS AND METHODS 
 

The methods of seismic analysis on buildings are 
Equivalent Earthquake Loading Method, Modal Analysis 
and Analysis Method in Time Domain. Modal Analysis 
and Analysis Method in Time Domain can be used in 
seismic analysis in every type of building without any 
limitations. But there are some limitations for EEL method 
in TEC [23]. In this study, EEL method was used for 
seismic analysis, so the methodology and details of EEL 
method are presented. The units in the paper are "m" as 
displacement & height, "t" as weight & load and "s" as 
time. Any other coefficients and factors are dimensionless. 

 
2.1 EEL Method 

 
It is known that the earthquake load affects mass centre 

of the building. But, resistance force affects the centre of 
rigidity of the building. The torsional irregularity is arising 
from conflicting mass centre and rigidity centre points. In 
this way, tremendous torsional moments will happen if 
there is difference of space between these two points. 

Total Equivalent Earthquake Load Vt affects the whole 
building in earthquake direction. And it can be calculated 
as 
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where, A(T) is the spectral acceleration coefficient, A0 is 
the effective ground acceleration coefficient, I is the 
building importance factor, Ra(T1) is the ductility factor 
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where, mi is the mass of the ith storey, dfi is the calculated 
displacement with Ffi fictive load on the ith storey, N is the 
highest storey. Ffi is fictive load which affects the ith storey, 
and it is determined as any value (e.g. unit value) instead 
of Vt ‒ ΔFN (ΔFN is the additional equivalent earthquake 
load which acts on the highest storey). Here, wi is the 
weight of the ith storey, Hi is the height measured from the 
base of the first storey of the building. The total weight W 
of the building which will be used for the calculation of 
seismic loads, 
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where, gi is the constant load of the ith storey, qi is the 
moving load of the ith storey, n is the moving load 
participation factor. In this study, moving load 
participation factor n was selected as 0.30, because the 
model was considered as housing. But other studies n can 
be selected until 0.80 value according to importance degree 
and purpose of buildings (e.g. school, hospital, storage, 
etc.). 

 
2.2 Calculation of Equivalent Earthquake Loads Effects on 

Each Storey 
 
Total Equivalent Earthquake Load which was 

calculated from Eq. (1), was expressed as sum of 
Equivalent Earthquake Loads, 
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where, Fi is the equivalent earthquake load of the ith storey 
with EEL method. Extra Equivalent Earthquake Load ΔFN 
is enforced on Nth (the highest) storey and it can be 
calculated from Eq. (5). The rest of Total Equivalent 
Earthquake Load, except ΔFN, but including Nth storey, will 
be distributed to storeys of building model. 
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If there is A1 type torsional irregularity on any ith 

storey, providing 1.2 < ηki  2.0, 5% additional 
eccentricity which is applied on the storey, for two 
earthquake directions, will be raised by multiplying Di 
coefficient (Fig. 1). ηki is the torsional irregularity 
coefficient on the ith storey [24]. B and e lengths are lengths 
of storey side and distance between acting-center points, 
respectively. 
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Figure 1 Acting points of earthquake loads for x and y directions 

 
If torsional irregularity was not considered, the 

earthquake would be affected on the unsymmetrical 
building more devastating. The joints were assessed before 
under torsional load by numerical solutions [25]. 
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3 APPLICATION OF THE METHOD 
 

The plan (Fig. 2a) of the storey and information about 
the building is given below. 10-storey building with 3.50 
m storey heights has no basement and building  importance 
factor is selected as 1. Cast in place reinforced concrete 
frame systems is the type of structural system. Earthquake 

zone is 1 and Effective ground acceleration coefficient (A0) 
is 0.40. Local soil type is Z3 with TA = 0.15 and TB = 0.60 
spectrum characteristic periods. Finally, structural system 
behaviour coefficient is selected as 8. The natural vibration 
period of the building is calculated as 1.472 s from Tab. 1. 
 

 

 

 
Figure 2 (a) The plan of the model; (b) The perspective view of the best suggested model with shear walls by two sides 

 
Table 1 Calculation of natural vibration period of the building  

Storey No. mi Ffi dfi mi ꞏ dfi
2  Ffi ꞏ dfi  

10 45.235 0.1818 0.0001575 0.000001122 0.0000002 
9 45.235 0.1636 0.0001478 0.000000988 0.0000242 
8 45.235 0.1455 0.0001348 0.000000822 0.0000196 
7 45.235 0.1273 0.0001189 0.000000640 0.0000151 
6 45.235 0.1091 0.0001005 0.000000457 0.0000110 
5 45.235 0.0909 0.0000800 0.000000290 0.0000073 
4 45.235 0.0727 0.0000800 0.000000290 0.0000058 
3 45.235 0.0545 0.0000581 0.000000153 0.0000032 
2 45.235 0.0364 0.0000354 0.000000057 0.0000013 
1 45.235 0.0182 0.0000135 0.000000008 0.0000002 
  1.0000  0.000004826 0.0000879 

 
Seismic Load Reduction Factor (R) is 8. Spectrum 

Coefficient S(T1) and Spectral Acceleration Coefficient 
A(T1) are 1.219 and 0.488, respectively. Total EEL (Vt) was 

calculated as 270.5 t and additional EEL (ΔFN) was 
calculated as 20.3 t. According to TEC, these calculations 
and assumptions were used to check irregularities of the 
building. The controls of B2-weak-storey irregularity, 
relative storey displacements and second order effects 
(Tab. 4) provide that the coefficients are on safe side for 
+Y direction. But, the control of A1-torsional irregularity 
provides safety for only the 1st floor (Tab. 2). The controls 
for all irregularities provide that the coefficients are on safe 
side for +X direction. To recover the building from 
torsional irregularity at +Y direction, it is suggested that the 
shear walls should be constructed symmetrically and 
unsymmetrically at +X and +Y directions separately. 

The best solution for preventing torsional irregularity 
was by constructing shear walls by two sides at outer axis 
of +Y direction (Fig. 2b). The natural vibration period of 

(a) 

(b) 
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the building is calculated as 0.727 s. Spectrum Coefficient 
S(T1) and Spectral Acceleration Coefficient A(T1) are 2.143 
and 0.857, respectively. Total EEL (Vt) was calculated as 
583.1 t and additional EEL (ΔFN) was calculated as 43.7 t. 
According to TEC, the controls for all irregularities 
provide that the coefficients are on safe side for both +X 
and +Y directions (Tabs. 3 to 6). 
 

Table 2 The calculation of A1-torsional irregularity coefficients (model without 
shear walls) 

Storey No. (Δi)min (Δi)max (Δi)ave (Δi)max/(Δi)ave  

10 0.00149 0.00276 0.00212 1.298 ✖ 
9 0.00228 0.00393 0.00310 1.265 ✖ 
8 0.00299 0.00496 0.00397 1.247 ✖ 
7 0.00360 0.00586 0.00473 1.238 ✖ 
6 0.00412 0.00661 0.00536 1.232 ✖ 
5 0.00455 0.00720 0.00587 1.225 ✖ 
4 0.00487 0.00761 0.00624 1.219 ✖ 
3 0.00506 0.00780 0.00643 1.213 ✖ 
2 0.00491 0.00738 0.00614 1.200 ✖ 
1 0.00308 0.00444 0.00376 1.180 ✔ 
    < 1.200  

 
Table 3 The calculation of B2-weak-storey irregularity coefficients (model with 

shear walls) 
Storey No. (Δi)ave ηki  ηki  

10 0.002880 0.974  -  

9 0.002955 0.994 ✔ 1.026 ✔ 
8 0.002970 1.011 ✔ 1.005 ✔ 
7 0.002935 1.038 ✔ 0.988 ✔ 
6 0.002825 1.074 ✔ 0.962 ✔ 
5 0.002630 1.126 ✔ 0.930 ✔ 
4 0.002335 1.206 ✔ 0.887 ✔ 
3 0.001935 1.387 ✔ 0.828 ✔ 
2 0.001395 1.951 ✔ 0.720 ✔ 
1 0.000715 -  0.512 ✔ 
  < 2  < 2  

 
Table 4 The control of relative storey displacements (model with shear walls) 

Storey No. (Δi)max R.(Δi)max R.(Δi)max/hi  

0 0.003040 0.02128 0.00608 ✔ 
9 0.003100 0.02170 0.00620 ✔ 
8 0.003090 0.02163 0.00618 ✔ 
7 0.003040 0.02128 0.00608 ✔ 
6 0.002910 0.02037 0.00582 ✔ 
5 0.002690 0.01883 0.00538 ✔ 
4 0.002340 0.01638 0.00468 ✔ 
3 0.001920 0.01344 0.00384 ✔ 
2 0.001402 0.00981 0.00280 ✔ 
1 0.000738 0.00516 0.00147 ✔ 
   < 0.02000  

 
Table 5 The control of second order effects (model with shear walls) 

Storey No. wi iw  (Δi)ave Vi θi  

10 476.16 476.16 0.002880 141.804 0.002763 ✔ 
9 476.16 952.32 0.002955 230.068 0.003495 ✔ 
8 476.16 1428.48 0.002970 308.524 0.003929 ✔ 
7 476.16 1904.64 0.002935 377.174 0.004235 ✔ 
6 476.16 2380.80 0.002825 436.016 0.004407 ✔ 
5 476.16 2856.96 0.002630 485.052 0.004426 ✔ 
4 476.16 3333.12 0.002335 524.280 0.004241 ✔ 
3 476.16 3809.28 0.001935 553.701 0.003803 ✔ 
2 476.16 4285.44 0.001395 573.315 0.002979 ✔ 
1 476.16 4761.60 0.000715 583.122 0.001668 ✔ 

   4761.6    < 0.1200  

 

Table 6 The calculation of A1-torsional irregularity coefficients (model with shear 
walls) 

Storey No. (Δi)min (Δi)max (Δi)ave (Δi)max/(Δi)ave  

10 0.002720 0.003040 0.002880 1.055 ✔ 
9 0.002810 0.003100 0.002955 1.049 ✔ 
8 0.002850 0.003090 0.002970 1.040 ✔ 
7 0.002830 0.003040 0.002935 1.035 ✔ 
6 0.002740 0.002910 0.002825 1.030 ✔ 
5 0.002570 0.002690 0.002630 1.022 ✔ 
4 0.002330 0.002340 0.002335 1.002 ✔ 
3 0.001950 0.001920 0.001935 0.992 ✔ 
2 0.001388 0.001402 0.001395 1.004 ✔ 
1 0.000692 0.000738 0.000715 1.032 ✔ 
    < 1.200  

 
4 RESULTS AND DISCUSSION 
 

Torsional irregularity coefficients ηki with different 
positioned shear walls with the aim of strengthening 
rigidity of storeys were demonstrated in Figs. 3 to 6. The 
coefficients were calculated for each case (different 
positioned shear walls) and besides in both +X and +Y 
directions. According to results, single positioned shear 
walls at +Y direction increased torsional irregularity 
coefficient, so irregularity for +Y direction and coefficients 
is changing between 0.77-2.71 (Fig. 3). According to the 
same case, the coefficients were not changing much more 
for +X direction and the range is between 1.011-1.044 (Fig. 
4). Also, the coefficients of symmetrical double positioned 
shear walls at +Y direction are looking stable, not changing 
much more and the range is between 0.91-1.15 (Fig. 5). For 
the same case, but +X direction, Fig. 6 demonstrates a 
decreasing trend against upper storeys; also the coefficients 
are decreasing from 1.051 to 1.001. 

The positioned shear walls at +X direction and A-E 
axles have decreasing trend against upper storeys with 
values from 1.302 to 1.145 for +Y direction controls, but 
most coefficients are bigger than critical value as 1.2. 
Contrary, the tendency is between 0.98-2.05 by increasing 
trend bigger than 1.2 for +X direction controls. Also, the 
coefficients of symmetrical double positioned shear walls 
at +X direction are decreasing against upper storeys and the 
range is between 1.35-1.04. Finally, for the same case but 
+Y direction control, the coefficients are changing between 
1.147-1.621. The best model against earthquake loads is 
selected as outermost positioned at +Y direction shear walls 
because torsional irregularity coefficients are smaller than 
1.2, safely. 

 

 
Figure 3 ηki coefficients at storeys with different positioned (1-9 axles, +Y 

direction) single shear wall for +Y direction 
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Figure 4 ηki coefficients at storeys with different positioned (1-9 axles, +Y 

direction) single shear wall for +X direction 
 

 
Figure 5 ηki coefficients at storeys with different positioned (1-9 axles, +Y 

direction) symmetrical double shear walls for +Y direction 
 

 
Figure 6 ηki coefficients at storeys with different positioned (1-9 axles, +Y 

direction) symmetrical double shear walls for +X direction 
 
5 CONCLUSIONS 
 

In this study, all calculations and controls are based on 
TEC. The analyses were made according to location of 
shear walls and symmetrical or unsymmetrical shear walls. 
After the checks, the building model is safely provided to 
B2-weak-storey irregularity, relative storey routing and 
second order effects for +X and +Y directions. But there is 
A1 torsional irregularity at the building for +Y direction. 
This problem was tried to be resolved by putting shear 
walls during analyses of shear walls; if single shear wall 
was put, the torsional irregularity was increased. But if 
symmetrical shear walls at +Y direction were put, the 
torsional irregularity was decreased. As another test, when 
location of symmetrical shear walls was brought closer to 
rigidity center of the building, the torsional irregularity was 
increased again. In the same way, the same analyses were 
made for +X direction. The torsional irregularity was 

increased every time, after putting single or symmetrical 
shear walls. Fundamentally as a result of this study, when 
symmetrical shear walls were put at outermost axles for 
longer part direction (for this study +Y direction) at 
unsymmetrical buildings, the torsional irregularity 
problem can be solved. 

The methodology and results give an insight to 
torsional irregularity in earthquake engineering. New 
studies on structural engineering can evaluate 
unsymmetrical buildings under different earthquake loads 
at any region in the world. There are similar earthquake 
codes in countries to make design considering irregularities 
of buildings. 
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