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ABSTRACT: Structural irregularities are one of the major causes of damage effects under seismic action. Past 
earthquakes have shown that buildings with irregular configuration or asymmetrical distribution of 
structural properties are subjected to an increase in seismic demand, causing greater damages. Damage 
assessments after past earthquakes have frequently revealed that plan configuration irregular buildings have 
more severe damages due to excessive torsional responses and stress concentration than the regular 
buildings. Therefore, the focus of this study is to investigate structural seismic response reduction factor for 
the L-shaped buildings.  One of the most common type of irregularities in building is plan irregularity. The 
response reduction factor R reflects the capacity of structure to dissipate energy through inelastic behavior. 
It is a combined effect of over strength, ductility and redundancy.  Nonlinear pushover analysis was 
performed on structural models in order to evaluate the seismic performance of buildings. In this work the 
evaluation of response reduction factor of RC frame for different heights located in zone IV is carried out. The 
frames were designed as per guidelines of IS 456:2000. The lateral loads acting on the frames were obtained 
from the guidelines of IS 1893:2016 (Part1). Here static nonlinear pushover analysis is used to evaluate the 
seismic parameters of the RC frame. The study is mainly focused on the evaluation of Response reduction 
factor of RC frame as per ATC-19. 
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I. INTRODUCTION 
Irregularities in plan is related to in plan 
asymmetrical mass, stiffness or strength 
distributions, causing a basic increase of the 
torsional effects when the structure is subjected to 
lateral forces, on the other hand irregularities in 
elevation involves variation of geometrical or 
structural properties along the height of the 
building, generally leading to an increase of the 
seismic demand in specific storey. Empirical 
criteria for the classification of buildings into 
regular and irregular categories with reference to 
mass and lateral stiffness, variations in plan and in 
elevation, shape of the plan configuration, 
presence of set-backs, in-plan stiffness of the 
floors (rigid diaphragm condition), continuity of 
the structural system from the foundations to the 
top of the building. This list is not comprehensive 
of all the possible causes of irregularity and there 
is no definition for the degree of irregularity of the 
overall three-dimensional system. Code 
definitions fail to capture some irregularities, 
especially those resulting from the combination of 
both plan and vertical irregularities. Moreover, 
system irregularity does not solely depend on 
geometrical and structural properties of the 
building, but can also be induced by the features of 
the earthquake excitation and increased by the 
progressive damage of the structure. 

 In reality, many existing buildings contain 
irregularity, and some of them have been designed 
initially to be irregular to fulfil different functions 
e.g. basements for commercial purposes created 
by eliminating central columns. Also, reduction of 
size of beams and columns in the upper story’s to 
fulfil functional requirements and for other 
commercial purposes like storing heavy 
mechanical devices etc. This difference in usage of 
a specific floor with respect to the adjacent floors 
results in irregular distributions of mass, stiffness 
and strength along the building height. In addition, 
many other buildings are accidentally rendered 
irregular due to variety of reasons like non-
uniformity in construction practices and material 
used. The building can have irregular distributions 
of mass, strength and stiffness along plan also. In 
such a case it can be said that the building has a 
horizontal irregularity. Here in this paper we are 
going to evaluate the R factor of L-Storey RC 
Frame. 
 

II. RESPONSE REDUCTION FACTOR 
The response reduction factor, R, simply 
represents the ratio of the maximum lateral force 
if structure remains elastic, to the lateral force, 
which it has been designed to withstand.    
Response reduction factors are essential seismic 
design tools, which are typically use to describe 
the level of inelasticity expected in lateral 
structure system using earthquake. The  response  
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reduction  factor  (R)  is  depends  on  Over 
strength  (Rs), Ductility  (Rμ), Redundancy  (RR). 
According to ATC-19, it is described as 
   R = Rs * RR * Rμ 
 
Over strength factor accounts for the yielding of a 
structure at load higher than the design load due 
to various Partial safety factors, strain hardening, 
oversized members. Non-structural elements also 
contribute to the over strength. According to ATC-
19, over strength RS is defined as the ratio of base 
shear at the roof displacement corresponding to 
the limiting state of response (Vo) to design 
seismic base shear (Vd) as per IS: 1893 (Part 1) 
2016. 
Redundancy factor (RR) depends on the number of 
vertical framing participate in seismic resistance. 
Yielding at one location in the structure does not 
imply yielding of the structure as a whole.  Hence  
the  load  distribution,  due  to  redundancy  of  the  
structure,  provides  additional  safety margin. 
 

 
Fig 1 Concept of Response Reduction Factor. 

 

A. Pushover Analysis:  
Pushover analysis is a static, nonlinear procedure 
using simplified nonlinear technique to estimate 
seismic structural deformations. It is an 
incremental static analysis used todetermine the 
force-displacement relationship, or the capacity 
curve, for a structure or structural element. The 
analysis involves applying horizontal loads, in a 
prescribed pattern, to the structure incrementally, 
i.e. pushing the structure and plotting the total 
applied shear force and associated lateral 
displacement at each increment, until the collapse 
condition. Pushover analysis can be performed as 
force-controlled or displacement-controlled. 

 
Fig 2 Performance Level of Structure. 

III PROBLEM FORMULATION: 
In the present study a typical 4-story L Shaped RC 
frame has been taken for the analysis. The floor 
plan of the building is shown in figure below. The 
building parameters are defined as, building plan 
dimension 16m x 16m, Concrete Grade M25, Steel 
Grade – Fy 415 MPa, Slab Thickness – 150mm, 
height of each storey – 3.2m. Live load is taken as 
2 kN/m2 at floor level and no live load at roof 
level. It is assumed that the building is located in 
zone-IV and soil type is medium. 

 
Fig 3 Plan of L-Shaped RC Frame. 

 

 In this study the frame as shown in figure 
3 is considered for the analysis. The calculated 
design seismic base shear (VB) and corresponding 
lateral forces (Qi)  as per IS: 1893, are shown in 
Table 4. Design seismic base shear, 

VB = Ah*W 
Where Ah= (Z/2) x (I/R) x(Sa/g) (design 

horizontal seismic coefficient for the structure) = 
0.06 

W= Seismic weight of frame 
Z= Zone Factor = 0.24 (from Table 2 of IS 

1893 (Part 1:2016) 
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 I= Importance Factor = 1 (from Table 6 of IS 
1893 (Part 1:2016) 

 R= Response Reduction Factor = 5 (from 
Table 7 of IS 1893 (Part 1:2016)  

 Sa/g = average Response acceleration 
coefficient for medium soil = 2.5 (from Figure 
IS1893 (Part1:2016) lateral forces at each storey 
level 

Qi = (VB Wihi2/ (∑Wihi2)2 

 

TABLE I. STOREY FORCES 
Floor 
Level 

Wi Hi Wi Hi2 Qi 

Roof 1791.34 12.8 293493.14 259.64 
3rd 
Floor 

2883.62 10.6 324003.54 234.36 

2nd 
Floor 

2870.24 6.4 117565.03 104.76 

1st 
Floor 

2819.34 3.2 28870.04 26.53 

  ∑Wihi
2 658131.75  

 

Storey Shear is calculated as according to IS 
1893:2016 Part 1, VB = Ah W 
W= Total Weight= (1788.535 + 3*2875.61) = 
10415.365 kN 
Now, VB = (0.06 * 10415.365) = 624.92 kN 

 

Fig 4 Pushover Curve For RC frame from SAP 2000 
 

Evaluation of Responses Reduction Factor: 
The calculation for evaluation of response 
reduction factor as per ATC-19 for RC frame 
seismic zone-IV is shown below. 
Estimation of strength factor: 
Maximum Base Shear (from pushover curve) 
Vo = 1652 kN 
Design Base shear (as per EQ calculation) 
Vd = 624.92kN 
Using equation for strength factor, given in ATC – 
19 
Rs = Vo / Vd = (1652 / 624.92) = 2.64 
Estimation of ductility factor: 
Maximum drift capacity (0.004 x H), Δm = 51.2 
mm 

Yield drift (from pushover curve), Δy = 29 mm 
Using equation for displacement ductility ratio, 
given in ATC – 19 
μ = Δm / Δy = (51.2 / 29) =1.76 
Equation for ductility factor, derived by Miranda 
and Bertero  
R μ = {(μ - 1 / Φ) + 1} 
Φ for medium soil: 
Φ = 1+{1 /(12T -μT)}–{(2 / 5T)*e- 2(ln(T) – 
0.2)^2} 
T = 0.34seconds (From analysis) 
Φ = 1.24 
Rμ = 1.61 
Estimation of redundancy factor: 
The value of redundancy factor as suggested in 
ATC-19 is summaries in Table. 
RR = 1 
Estimation of response reduction factor R: 
R= RS x Rμ x RR 
R = 2.64 x 1.61 x 1 
R = 4.27 
 

IV SECOND PROBLEM: 
 In this problemL Shaped RC frame has been taken 
for the analysis. The floor plan of the building is 
shown in figure below. The building parameters 
are defined as, building plan dimension 25m x 
25m, Concrete Grade M25, Steel Grade – Fy 415 
MPa, Slab Thickness – 150mm, height of each 
storey – 3.2m. Live load is taken as 2 kN/m2 at 
floor level and no live load at roof level. It is 
assumed that the building is located in zone-IV 
and soil type is medium. 

 
Fig 5 Plan of L-Shaped Building 

 

W= Total Weight = 29125.6 kN 
Now, VB = (0.06 * 29125.6) = 1747.53 kN 
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Fig 6 Pushover Curve For RC Frame From SAP 

2000 
 

Evaluation of Responses Reduction Factor: 
The calculation for evaluation of response 
reduction factor as per ATC-19 for RC frame 
seismic zone-IV is shown below. 
Estimation of strength factor: 
Maximum Base Shear (from pushover curve) 
Vo = 1430 kN 
Design Base shear (as per EQ calculation) 
Vd = 1747.53 kN 
Using equation for strength factor, given in ATC – 
19 
Rs = Vo / Vd = (1430 / 1747) = 0.81 
Estimation of ductility factor: 
Rμ = 2.97 
Estimation of redundancy factor: 
The value of redundancy factor as suggested in 
ATC 19. 
RR = 1 
Estimation of response reduction factor R: 
R= RS x Rμ x RR 
R = 0.81 x 2.67 x 1 
R = 2.16 
 

V THIRD PROBLEM: 
In this problemagain L Shaped RC frame has been 
taken. The floor plan of the building is shown in 
figure below. The building parameters are defined 
as, building plan dimension 25m x 25m, Concrete 
Grade M25, Steel Grade – Fy 415 MPa, Slab 
Thickness – 150mm, height of each storey – 3.2m. 
Live load is taken as 2 kN/m2 at floor level and no 
live load at roof level. It is assumed that the 

building is located in zone-IV and soil type is 
medium 

 
Fig 7 Plan of L-Shaped Building 

 

Rs = Vo / Vd = (970 / 1640.38) = 0.60 
Rμ = 2.55 
R= RS x Rμ x RR 
R = 0.60 x 2.55 x 1 
R = 1.55 
 

VI CONCLUSION: 
The value of the response reduction factor R 
decreases with the increases in the number of 
stories. 
Effect of lateral displacement on L shaped building 
is more in both the direction than regular building. 
The evaluated value of R in the present work were 
obtained by nonlinear static analysis of structure 
with plan irregularity are found less than as those 
specified in IS 1893. 
 

REFERENCES 
1. Mahmoud R. Maheri, R. Akbari, “Seismic 

behavior factor, R, for steel X-braced and knee-
braced RC buildings”, Engineering Structures, 
vol. 25 (2003), pp. 1505-1513. 

2. J. A. Amin, “Evaluation of response reduction 
factor and ductility factor of RC braced frame”, 
Journal of Materials And Engineering 
Structures, vol. 2 (2015), pp. 120-129. 

3. Applied Technology Council (ATC – 19). 
4. IS 1893 (2016) “Indian Standard criteria for 

earthquake resistant design of structures. Part 
1: General provisions and buildings”, Bureau 
of Indian Standards, New Delhi, India. 

5. IS 456 (2000) “Plain and Reinforced Concrete - 
Code of Practice”, Bureau of Indian Standards 
New Delhi, India. 

 


