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Abstract:  

In this research, the effect of torsion due to the irregularity of the reinforced 

concrete dual system on seismic response factors and building behavior was  

investigated. As the demands of modern architecture increase, the effects of 

twisting are amplified, altering the actual earthquake response of a structure. 

A fifteen-storey 3D building has been modeled using Incremental Dynamic 

Analysis )IDA  ( under 20 seismic records that are selected to match the 

seismological specifications of Syria country. Eleven different scales were 

used for each seismic record, and a force-displacement curve was derived to 

determine the necessary parameters and calculate the seismic response mod-

ification factor. These values were then compared with the values of the 

Syrian and American codes, and differences in decreases by 35% were ob-

served relating to the eccentricity ratio 42%. These differences vary accord-

ing to the eccentricity ratio and torsional effects in these systems. Therefore, 

it is recommended to use a dimensionless factor that considers the effect of 

the torsion ratio on the response modification factor instead of using a fixed 

value for the R factor as stated in the codes. 
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 :خصلمل  ا
  لجيتةةةد  لئنازاةةةد  لة سةةةا اد   رظةةةا  عةةةد  عةةة   لنةةةات   لفرةةة  تةةةر    ت  سةةةد  لباةةة  هةةة   تةةةه فةةةق 

   لهندسد مرطتبا   زتيات مع.  ليبنى لست ك  ل ل  لاد  لاسرجابد ع  م  عتى  لي تاد
.  ليبنةى فةق لت لة     لف تاةد  لاسةرجابد يغ ة  ميةا  لفر ، تر      ترضةه  لاديئد، يد لي يا  

  لةديناماكق  لرات ة  باسةرةد   طابقًةا عاة  خي ةد مة  مكة     لأب ةات  لا ةق مبنى  ي جد ته
 لي  صةفا   ل ا ةي ل جاد  لةر ك   خراا هةا تةه زل  لاةاً  سجلًا  02 باسرةد  ( IDA)  لير  يد

  شةةةرقا  لتةةةه زل  لةةةق، سةةةج  لكةةة  مةرتفةةةاً  مقااسةةةاً  إحةةةدش عاةةة   سةةةرمةد .  يال ل ل  لاةةةد ل ةةة  
 .  ل ل  لاد  لاسرجابد ت دي  عام  لح اب  لض ل يد  لي تيا  لراديد  ةز حد- لق ة منانى

 فةةةق  خرلافةةةا  لجةةة ت للةةة ح  ل لأم يكةةةق،  ل ةةة      لكةةة تي  قةةةاه مةةةع  لقةةةاه هةةة   م   ةةة   ةةةه
 لن ةةةةبد لفقًةةةةا  لن ةةةةب هةةةة   تةرتةةةة . %20 م و يةةةةدلا لن ةةةةبد لفقةةةةاً  %53 بن ةةةةبد  لا ةفةةةةا 
 يرخةة  لاب ةةد  عامةة  باسةةرةد   ي صةةى للةة ل ،.  لجيةة  هةة   فةةق  لفرةة  لتةةر       للام و يةةد

  ابرةةد قايةةد  سةرةد   مةة  بةدلاً   لاسةةرجابد ت ةدي  عامةة  عتةةى  لفرة    ةةبد تةر     لاعربةةا  فةق
  لك ت  . فق م و   ه  كيا R ل ام 

  لجية   لئنازاةد، ،(IDA)  لير  يد  لديناماكق  لرات   رات    للاخطق، ل الكلمات  المفتاحية:
 . لا رظا  عد   لفر ،
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Introduction:                                          

Torsional irregularity in buildings significantly in-

fluences their seismic response, particularly in dual 

systems that combine moment-resisting frames and 

shear walls. Studies have shown that torsional vi-

brations, resulting from irregularities, are a primary 

cause of structural damage during earthquakes, 

making unsymmetric buildings more vulnerable 

than symmetric ones. Evaluating the seismic per-

formance of dual reinforced concrete systems under 

varying levels of torsional irregularity reveals the 

importance of considering torsion-related factors, 

such as overstrength and dynamic amplification, in 

seismic design. Torsional amplification factors, 

which measure the increased seismic demand 

caused by torsion, depend on building characteris-

tics and the contribution of non-structural compo-

nents, making them essential for designing accel-

eration-sensitive elements in torsional irregular 

buildings [)Alaa et al, 2022(-(Ulcuango et al, 

2024(-(Jain et al, 2022(-(Rashidi et al, 2019(]. 
The current research has demonstrated that torsion-

al effects can significantly modify the structural 

response, leading to increased displacement de-

mands and potential structural damage. This is par-

ticularly evident when torsional components of 

earthquakes introduce additional eccentricity, fur-

ther amplifying the seismic response. Current seis-

mic codes, however, may be unconservative in their 

treatment of torsional irregularity, necessitating the 

development of improved models and equations to 

enhance the accuracy of seismic design provisions. 

Simplified procedures such as elastic response 

spectrum analysis and pushover analysis can cap-

ture torsional amplification, but these methods often 

require adjustments for inelastic systems to accu-

rately represent real-world structural behavior 

[(Alaa et al, 2022(,(-(Jain et al, 2022(-(Ouazir et al, 

2024(]. 
Several studies have investigated the response mod-

ification factor (R) for dual systems under torsional 

irregularity. (Nasser et al, 2020(found significant 

discrepancies between R-values obtained through 

nonlinear static analysis (NSP) and those provided 

in Syrian Arab Code, indicating that code-specified 

values may not always reflect actual structural be-

havior. Similarly, (Abou-Elfath et al, 2018(showed 

that R factor is highly sensitive to both the number 

of floors and floor height, with taller frames exhib-

iting lower R-values. These findings highlight the 

need to refine existing seismic codes to account for 

variations in torsional response and building con-

figurations. 

Further studies have analyzed the relationship be-

tween torsional irregularity and seismic demand 

across different structural configurations. (Patil et 

al, 2019( conducted a comparative study of regular 

and irregular buildings, observing that irregularity 

leads to increased displacements, deflections, storey 

shear forces, and total base shear.(Naganur and Vi-

jaykumar, 2018( evaluated torsional irregularity in 

high-rise reinforced concrete buildings using re-

sponse spectrum analysis, emphasizing the need to 

accurately estimate base shear and displacement 

demands. Additionally, (Hussein et al, 2019(used a 

nonlinear sequential push method to determine the 

response modification factor for different levels of 

irregularity, concluding that buildings with severe 

irregularity experience faster formation of plastic 

hinges and greater structural damage. 
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To address these challenges, researchers have pro-

posed updated models and provisions that had bet-

ter account for torsional irregularity in seismic de-

sign. Incremental Dynamic Analysis (IDA) and fra-

gility curves have been used to quantify the proba-

bility of structures reaching different performance 

levels, such as immediate occupancy, life safety, 

and collapse prevention, under varying degrees of 

torsional irregularity. Additionally, second-order 

effects, such as instantaneous load eccentricities, 

have been identified as significant contributors to 

underestimating seismic displacement demands, 

particularly in symmetrical systems [(Hong et al, 

2012(-(Erduran et al, 2011(-(Emrah et al, 2010(]. 
A broader perspective on seismic irregularity re-

search includes findings from (De Stefano and Pin-

tucchi, 2002) who categorized studies into three key 

areas: the effects of plane irregularity through sin-

gle-storey and multi-storey models, passive control 

strategies to mitigate torsional effects, and irregu-

larities in vertical configurations. Earlier work by 

(Chopra and Goel, 1991) assessed the impact of 

irregularity on code-designed buildings, establish-

ing the extent to which flexural requirements in 

seismic codes capture these effects. These historical 

studies provide a foundation for modern research 

efforts in refining seismic design methodologies to 

enhance the resilience of buildings with irregular 

configurations. 

In conclusion, torsional irregularity significantly 

affects the seismic response modification factor in 

dual systems. The current research has 

demonstrated that irregular configurations amplify 

displacement demands, increase structural damage, 

and may not be fully accounted for in current 

seismic codes. By integrating nonlinear dynamic 

analysis methods such as IDA, refining response 

modification factor calculations, and updating code 

provisions based on empirical data, researchers and 

engineers can develop more accurate and resilient 

design approaches for earthquake-resistant 

structures. 

1. Research Objectives 
The objective of this study is to investigate the 

effects of torsional irregularity on the seismic 

behavior of reinforced concrete buildings, 

addressing a critical gap in existing researches 

where the impact of torsion on seismic response 

factors in nonlinear 3D models has not been 

explicitly considered. Despite extensive earthquake 

damage reports confirming that irregular buildings 

experience greater damage than regular ones—often 

due to torsional effects leading to structural 

collapse—current seismic design approaches may 

not fully account for this behavior. To bridge this 

gap, this study employs incremental dynamic 

analysis (IDA) on a 3D model subjected to torsional 

effects, utilizing a comprehensive set of twenty 

seismic records. The key objectives include 

evaluating the actual seismic response of reinforced 

concrete buildings under torsional loading, 

analyzing the effect of torsion on the seismic 

response modification factor and its dependency on 

contribution ratios, and comparing the resulting R-

values with those specified in seismic codes such as 

Syrian Arab Code(SAC). and American code 

ASCE. based on the findings of this study, potential 

modifications to existing code provisions will be 

proposed to enhance their accuracy in accounting 

for torsional effects in seismic design. 
2. Methodology: 
In order to study the effect of torsional irregularity 

on the response modification factor, a parametric 

study was performed on a 15-story concrete 

building with dual system (shear wall and 

intermediate moment resisting frame (IMRF)), 

under the effect of 20 seismic records selected 

according to the geological and seismic nature of 

the studied region (Syria), using 11 different scales 
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for each seismic record. In addition, the force-

displacement curves were plotted using nonlinear 

Incremental Dynamic Analysis (IDA), the 

necessary parameters were determined, the seismic 

response modification factor was calculated, and 

these values were compared with the values of 

Syrian Arabic code and American code.  It was 

proposed to use a non-dimensional factor that takes 

into account the effect of the contribution ratio and 

torsion on the response modification factor, and not 

to use a fixed value for R-factor as stated in the 

codes, the proposed finite element analysis was 

performed by ABAQUS software package (2019). 

 

3. 1 Irregularities and Torsional Irregularity 

Ratio: 

According to ASCE/SEI 7-22 code, building 

irregularities are classified into two main 

categories: horizontal and vertical irregularities. 

Horizontal irregularities include torsional 

irregularity, reentrant corner irregularity, diaphragm 

discontinuity irregularity, out-of-plane offset 

irregularity, and nonparallel systems irregularity. 

Vertical irregularities encompass stiffness 

irregularity (soft story), vertical geometric 

irregularity, in-plane discontinuity in vertical 

elements resisting lateral force, and strength 

irregularity (weak story). 

The Torsional Irregularity Ratio (TIR), as defined 

in ASCE/SEI 7-22, is calculated for each story and 

for each accidental torsion case. The TIR for the 

entire building is determined as the maximum value 

obtained from the computations performed for each 

story and in each direction. 
Torsional irregularity is considered when the ratio 

of the maximum to the average storey drift is 

greater than 1.2. For severe torsional irregularity, 

this ratio is considered to be 1.4. The analysis 

should be performed by multiplying the emergency 

eccentricity by the amplification factor Ax. 

Equation (1) can be used for torsional irregularity 

and Equation (2) for severe torsional irregularity 

[21, 22]. 

     (1) 

       (2) 

3. 2 Response Modification Factor: 

To simplify the structural design process, it has 

been proposed to incorporate the response 

modification factor (R) into the calculation of the 

base shear force, allowing static elastic analysis to 

be sufficient for the design of most structures. The 

R factor plays a fundamental role in seismic design, 

as it enables the reduction of seismic loads by 

accounting for a structure’s inherent overstrength 

and energy dissipation capacity (ductility)—a 

concept widely recognized in international seismic 

codes. This factor reflects the combined effects of 

overstrength and ductility through the dynamic 

behavior factor (R), which depends on several 

parameters, including the required performance 

level, structural system type, construction materials, 

reinforcement detailing, fundamental structural role, 

and the influence of higher deformation modes. The 

R factor essentially quantifies the expected level of 

inelasticity within a structural system during an 

earthquake. The National Earthquake Hazards 

Reduction Program (NEHRP, 1988) defines it as “a 

factor intended to take into account both the 

damping and the inherent ductility of structural 

systems at displacements large enough to approach 

the maximum displacement of the structure.” By 

incorporating R, seismic response analysis becomes 

more representative of real structural behavior 
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under earthquake loading, ensuring consistency 

with modern seismic design principles. 

    Syrian Arab Code provides specific values for 

the response modification factor R in Appendix No. 

(2), (2020), where tables define R values for 

different structural systems based on the type of 

elements resisting horizontal forces. Table (3-6) 

presents the R values according to the lateral force-

resisting system, derived from Uniform Building 

Code (UBC-97). According to this table, the 

response modification factor for a dual system with 

intermediate moment-resisting frames is R = 6.5. 

However, based on the simplified table for Syrian 

Arab Republic, the R values for the same system 

range between R = 5.5 and R = 5, varying linearly 

according to the percentage of the frame's 

contribution to resisting the base shear forces. 

3. 3 Incremental Dynamic Analysis: 

Incremental Dynamic Analysis (IDA) is a nonlinear 

dynamic analysis method to estimate the seismic 

performance of structures more comprehensively by 

subjecting the studied model to a set of ground 

motion records using a series of nonlinear dynamic 

analyses, Each of these is measured at multiple 

levels of intensity. This requires expanding the 

scope of each record appropriately to cover the full 

range of structural response, starting from elasticity, 

to yielding, and finally collapse (covering the linear 

and nonlinear domain), in proportion to the 

seismicity of the studied building area. Then the 

results of this analysis are presented as IDA curves 

that represent response curves (relationship of inter 

storey drift or maximum displacement with base 

shear) which provide a general estimate of the 

structure's performance. 

3. 4 Modeling and Analysis of RC 

Building: 

A 15-story reinforced concrete (RC) building with a 

story height of 3.5 meters was analyzed using both 

static and dynamic methods to assess its seismic 

performance. The building was designed as a dual 

system, incorporating intermediate moment-

resistant frames (IMRF) and shear walls. The 

material properties used in the analysis were Fy = 

400 MPa for longitudinal reinforcement, Fys = 240 

MPa for shear reinforcement, and f’c = 30 MPa for 

concrete. The design of beams, columns, and shear 

walls followed the requirements of Syrian Arab 

Code, ASCE 7-16, and ACI 318-8 using ETABS. 

The dimensions of the structural elements are 

provided in Table 1. The applied loads included a 

dead load (DL) of 2 kN/m² and a live load (LL) of 3 

kN/m². 

 

Table (1) Member’s cross-sections (Dimensions in 

cm) 

Edge Inter Corner Columns 

55*55 70*70 50*50 Story No 1-5 
50*50 65*65 45*45 Story No 6-10 
45*45 60*60 40*40 Story No 11-15 

30*60 Beams 
t=14 Slabs(Solid) 

Story No 1-5, thickness=40 

Story No 6-10, thickness=30 

Story No 11-15,  thickness=25 
Shear walls 

4.5 m Spans 

 The numerical model was developed using finite 

element methods(ABAQUS) as shown in Figure 1, 

where beams and columns were modeled with B31 

(beam elements), allowing transverse shear 

deformations, while shear walls and slabs were 

modeled using S4R shell element as shown in 

Figure 0. The longitudinal and transverse 

reinforcement was represented using rebar 

elements. The material behavior of steel was 

defined as elastic-perfectly plastic, while the 

concrete material was also assumed to follow an 

elastic-perfectly plastic model. The self-weight of 
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the structural elements was incorporated using a 

gravity value of 9810 mm/sec² and a concrete 

density of 2.4e-9 ton/mm³. Live and dead loads 

were applied as distributed masses. 

The building was intentionally designed with 

unsymmetrical walls, where the shear walls were 

strategically placed to induce significant torsional 

effects due to horizontal irregularity, resulting in an 

eccentricity of e = 42%,. The frames contributed 

39.6% of the seismic shear force in the X-direction, 

while the shear walls carried 60.4%. In the Y-

direction, the frames contributed 37.3%, while the 

walls carried 62.7%. 

 

a)  

b)  

Figure (1) a)-Plan b)- 3D model for studied 

building. 

The seismic analysis was conducted in two stages: 

(1) Static analysis for permanent loads and (2) 

Dynamic analysis for seismic loads using a 

nonlinear time-history analysis (NTHA). Ground 

motion records were applied through an input file, 

where each seismic record was defined with its X- 

and Y-direction components. A Python script was 

developed to automate the scaling of ground 

motions and extract the necessary results. 

  

Figure (2) a)-Member B31 – b)- Shell element S4R, 

[20].. 

 To evaluate the incremental dynamic analysis 

(IDA), a set of twenty seismic records was selected, 

following previous studies (Shome and Cornell, 

1999), which suggested that 10 to 20 records are 

sufficient for accurate seismic assessment of 

medium-rise buildings (Table 2). According to the 

seismicity of the studied building area (the whole of 

Syria, which is considered geologically and 

seismically diverse in terms of intensity, proximity 

and distance from the fault and the geological and 

seismological nature of the region, due to the lack 

of accurate data or seismic records for specific areas 

in Syria, so global and neighboring seismic records 

(Turkey, Iran) were used).Each record was scaled at 

ten intensity levels ranging from very low to very 

high (2.0, 0.5, 1, 1.5, 1.75, 2, 2.25, 2.5, 2.75, 3, and 

3.25)*g. These scaled records covered both the 

elastic and plastic behavior ranges of the building. 

The main objective of this method was to determine 
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the building’s response under varying seismic 

intensities. More than 440 nonlinear dynamic 

analyses were conducted, and the base shear versus 

maximum displacement curves were plotted. 

 

Table (2) The seismic records. 
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- 1.0 

Rio Dell 

Overpass 

FF 
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20 

0.149 

A Python script was written to automate the seismic 

analysis in ABAQUS, incorporating all seismic 

records along with their corresponding intensity 

scales. The response modification factor (R) was 

then calculated by analyzing the IDA curves, which 

plotted shear force against maximum displacement 

for all seismic records and scales. The average, 

minimum, and maximum IDA curves were derived, 

allowing for a comprehensive comparison of the 

response modification factor (R) values across 

different seismic scenarios. 

4   Results and Discussion: 

4.1 Contribution ratio: 

The maximum displacement and shear forces were 

calculated for each scale of the studied records, as 

detailed in Tables 3 and 4, with an example 

provided for the Northridge LA-Chalon record. 

Additionally, the contribution ratios in both 

directions were determined for all twenty records, 

as shown in Table 5. The capacity curves (IDA 

curves) were plotted to illustrate the relationship 

between the maximum shear force and the 

maximum top-story displacement for each seismic 

record scale in the X and Y directions (Figures 3 

and 4). The data in Tables 5 reveal that the 
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contribution ratios varied within the same model 

depending on the seismic record, as well as within 

the same record based on intensity scale changes. 

Notably, significant variations in contribution ratios 

were observed under dynamic seismic loading, with 

differences reaching up to 35% in each direction. 

Northridge LA-Chalon 

Table (3) The maximum displacement values with 

maximum shear force in the X direction. 

PGAX Max Dis-X(m) 
Shear Force- 

x(kN) 

2.441025 0.01123101 14093.6 

6.1029919 0.010792141 1738.94 

12.205984 0.11617171 52919 

18.308976 0.15874389 69610 

21.360472 0.17765506 76238 

24.411968 0.19573241 83317 

27.463464 0.21214906 85591 

30.514959 0.22793183 89389 

33.566455 0.24141748 90192 

36.617951 0.25155936 90918 

39.669447 0.25852658 92189 

 

 

Table (4) The maximum displacement values with 

maximum shear force in the Y direction. 

PGAy MAX Dis-Y(m) 
Shear 

Force-y(kN) 

3.453214 0.0070124 12933.6 

8.633154 0.0310215 22193.2 

17.26631 0.12990967 43868 

25.89946 0.1639779 56497 

30.21604 0.19717919 61804 

34.53262 0.22600553 66674 

38.84919 0.25547941 70615 

43.16577 0.28503129 77187 

47.48235 0.31548495 82645 

51.79892 0.34094394 87423 

56.1155 0.36572853 93521 

 

 

 

 

 

 

Table (5) Maximum displacements and shear force 

for each scale in the X and Y directions. 

VXw-kN VXf-kN Fco Wco 

157928 136941 0.48 0.52 

93634 8026 0.46 0.54 

29340 23579 0.45 0.55 

45584 24026 0.35 0.65 

52061 24177 0.32 0.68 

56349 26968 0.32 0.68 

59239 26352 0.31 0.69 

61504 27885 0.31 0.69 

62193 27999 0.31 0.69 

63072 27846 0.31 0.69 

64345 27844 0.30 0.70 

VYw-kN VYf-kN Fco Wco 

1521 167661 0.39 0.61 

1282.3 937.02 0.42 0.58 

24125 19743 0.45 0.55 

27039 29458 0.52 0.48 

30465 31339 0.51 0.49 

35811 30863 0.46 0.54 

39742 30873 0.44 0.56 

61504 27885 0.36 0.80 

40493 42152 0.51 0.49 

46020 41403 0.47 0.53 

51055 42466 0.45 0.55 

Where: Fco : frame contribution ratio from total 
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shear force.      

Wco : shear wall contribution ratio from total shear 

force.      

VXw : Shear force by direction X for shear wall. 

VXf : Shear force by direction X for frame.  

VY: Shear force by direction Y for shear wall. 

VY f : Shear force by direction Y for frame.  

 

Figure (3) X-direction IDA curves (shear 

force-maximum displacement) for the twenty seismic 

records. 

 

Figure (4) Y-direction IDA curves (shear 

force-maximum displacement) for the twenty seismic 

records. 

From the previously analyzed curves, it is evident 

that the building reached a state of collapse under 

the selected seismic records, with displacement 

values varying based on the intensity and frequency 

content of each record. However, in most cases, the 

building entered the plastic stage at nearly the same 

displacement, albeit with different  

corresponding shear force values. These curves 

further illustrate how the seismic response of the 

structure is influenced by both the intensity and 

frequency characteristics of the applied ground 

motion. 

4.2. IDA curves: 

 The IDA curves representing the relationship of the 

shear forces in the studied analysis with the 

maximum displacement of the top storey of each 

scale of the studied seismic record in the X, Y 

directions were grouped into one figure and then 

the average curve of each direction and the 

maximum and minimum curve were plotted, see 

Figures (5). 

 

Figure (5) Y-direction average IDA curve. 

Each curve represents the response of the building 

under a seismic record with eleven points (point for 

each scale), so we plotted twenty curve then we 

calculated the average and minimum and maximum 

value and plotted the resulting curves to determine 

response modification factor, noticed that the 

curves give horizotal line at the end of the analysis, 

confirming that the building was collapse. 

4.3 Response Modification Factor (R):  
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The Response Modification Factor (R) was 

calculated and compared with the values specified 

in Syrian Arab Code and American Code 

(ASCE/SEI 7-22). The response modification factor 

is typically defined as the ratio of the base shear of 

a structure at a specific performance level to the 

base shear obtained from an elastic analysis. 

Using the Incremental Dynamic Analysis (IDA) 

curves as shown in Figures 4, 5 and 6, R-factor was 

determined based on the average, maximum, and 

minimum response curves. Specifically, the base 

shear at collapse (identified as the last point before 

the curve flattens) was divided by the base shear 

obtained from the elastic analysis at the allowable 

elastic design drift. The maximum response 

modification factor (Rmax) was computed using the 

following equation: 

Rmax= (PGA collapse/ PGA yield)*(V collapse /Vyield) …... (1) 

where: Vcollapse is the maximum shear force before 

collapse, and Vyield is the shear force at the yield 

point. 

Additionally, the design response modification 

factor (Rd), which represents the value adopted in 

seismic design codes, was determined based on the 

design-level earthquake, typically set at two-thirds 

of the maximum considered earthquake. The design 

value was calculated as follows: 

Rd= (PGA design/ PGA yield)* ( Vde-

sign/Vyield)..… 
(2) 

The elastic shear strength (Vd) was evaluated at an 

inter-story drift ratio of 0.02, in accordance with 

ASCE/SEI 7-22 provisions. The acceptable drift 

ratio, as specified in ASCE/SEI 7-22, ranges from 

0.007 to 0.025 depending on the building’s risk 

category and construction type.   Table 6 presents 

the computed values of the maximum and design 

response modification factors for the analyzed 

model, considering the effect of eccentricity 

(e=42%) induced by torsional effects. 

 

 

 

 

 

 

 

Table (6) The values of maximum and design 

response modification factor R. 

RY RX  

1.898 2 Rmax 
Av.curve 

1.393 1.576 Rdesign 
1.906 3.132 Rmax 

Max.curve 
1.444 2.358 Rdesign 
3.765 4.4 Rmax 

Min.curve 
2.2 3.47 Rdesign 

 

The results of the differences in the value of the 

design response modification factor for the studied 

model and the values given in the codes were 

calculated according to the following table: 

Table (7 )The differences in the calculated response 

modification factor and code values 

ΔRY % ΔRX %  

73.5 70 5.26 Syrian Arab 

Code 
76.8 73.3 6 ASCE7-16 
78.5 75.75 6.5 UBC97 

A comparison of the response modification factors 

(R) obtained from Incremental Dynamic Analysis 

(IDA) and those specified in various seismic design 

codes revealed that results for the model gave a 

decrease in the value of the response modification 

factor under severe torsion with percentages 

ranging from 78.5%-70% from the values in Syrian 

Arabic code and other international codes as shown 

in Figure (6). 
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Figure (6) Differences in the values of the two-way 

response modification factor 

 According to Annex 2 of Syrian Arab Code, Table 

(2-4) provides R-values for commonly used 

structural systems, and for local intermediate 

moment frames with reinforced concrete shear 

walls, considering a frame contribution ratio of 

78%, the code specifies R=5.26. In contrast, the 

American code (ASCE 7-16) prescribes R=6, while 

the Uniform Building Code (UBC 97) assigns 

R=6.5, resulting in a range of 5 to 6.5. However, 

the IDA-derived R-values varied between 1.4 and 

4.4, indicating that the factors calculated through 

IDA are generally lower than those specified in 

international seismic codes. Notably, the minimum 

R-values obtained from IDA were lower than those 

prescribed by UBC 97 and ASCE 7-16, suggesting 

a potential overestimation of structural performance 

in these codes. Conversely, Syrian Arab Code 

provided a more conservative estimate, aligning 

more closely with the lower bound of the IDA 

results. To account for torsional effects, it is 

proposed that the response modification factor (R) 

be adjusted using a dimensionless reduction factor 

(α), where α<1. Initial values for this reduction 

factor were suggested based on the study’s findings, 

but further research involving additional structural 

models is necessary to validate this approach and 

establish a more precise value for α. 

 

 

5. Conclusion 
This study investigated the effect of torsional 

irregularity on the seismic response modification 

factor (R) in dual reinforced concrete systems. 

Using Incremental Dynamic Analysis (IDA) on a 

15-story structure subjected to 20 seismic records, 

the current research evaluated how torsional effects 

influence structural behavior and seismic 

performance. The results demonstrated significant 

variations in R-factor based on eccentricity levels, 

with reductions of up to 22% compared to values 

prescribed by international seismic codes. This 

discrepancy highlights the need to reconsider 

current design assumptions regarding torsional 

irregularity and seismic response. The findings 

emphasize that a fixed R-value, as currently used in 

many seismic codes, does not adequately account 

for the influence of torsional effects, necessitating 

the introduction of an adjustment factor. 

The following conclusions can be drawn: 

  Static contribution ratios cannot be reliably 

used to determine the response modification factor 

(R), as no clear relationship was observed between 

these ratios and R-value. 

 Contribution ratios derived from linear 

analysis do not accurately reflect the structure's 

behavior under seismic loading. 

 The IDA results indicated that the response 

modification factor was up to 78% lower than the 

values prescribed by international codes when 

torsional effects were present. Therefore, lower R-

values should be considered when significant 

torsional irregularity exists. 

 The response modification factor is not a 

constant value for all structures with the same 

lateral load-resisting system, as assumed by many 

design codes. Instead, it varies based on the system 

type, structural combination, and degree of 

geometric torsional irregularity. 
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 To address torsional effects, it is proposed to 

introduce an adjustment factor (α) for the response 

modification factor (R), where α<1. This factor 

should be related to the building's torsion ratio 

(eccentricity). 
 For the studied case, an eccentricity of 42% 

resulted in a recommended reduction factor of 

α=0.28. 

 The torsional irregularity factor (Ax) directly 

affects base shear, with an increase in eccentricity 

leading to higher base shear forces and, 

consequently, a reduction in the R-value. 

    Further studies should be conducted to refine the 

evaluation of the response modification factor for 

structures with varying degrees of torsional 

irregularity. Additional models with different 

structural configurations, eccentricity values, and 

lateral load-resisting systems should be analyzed to 

establish a more accurate and widely applicable 

adjustment factor. Moreover, experimental 

validation through shake table testing and full-scale 

structural simulations would provide deeper 

insights into the influence of torsional effects on 

seismic performance, ultimately leading to 

improved seismic design guidelines in international 

codes. 
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