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Abstract— The present study aims at understanding the 

importance of codal provisions, which are particularly 

provided for the analysis of torsionally unbalanced 

structures. IS 1893-2002 Part 1 Code gives the information 

about number of parameters which influences the irregularity 

of the structure. However, in the present study the worst 

affected irregularity under the influence of torsion are 

studied, In the present study, seismic analysis has been 

performed by Equivalent Lateral Force Method (ELF) ie the 

codal method, for all zones and for all soil types for various 

irregularities such as diaphragm irregularity, mass 

irregularity, Non parallel offset irregularity, for 10, 15, 20 

storey buildings. The results in form of torsional moment, 

fundamental time period and base shear results are compared 

for different irregularities and the analysis is done with Etabs 

9.2 software. 
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I. STATEMENT OF THE PROBLEM 

Seismic induced torsion in asymmetric RC buildings has 

been studied for various parameters. Equivalent Lateral 

Force Method (ELF) adopted to study the induced torsion as 

per IS 1893 (Part 1): 2002 codal provisions. ETABS v9.5. 

software package is used to carry all the static and dynamic 

analysis. Since the present study is devoted for the 

investigation of torsional behaviour of asymmetric 

structures, in order to capture exact three dimensional 

behaviour, all the analysis are performed on complete three 

dimensional models of the structures. 

II. OBJECTIVES OF THE STUDY 

The present study aims at understanding the importance of 

codal provisions, which are particularly provided for the 

analysis of torsionally unbalanced structures. IS Code gives 

the information about number of parameters which 

influences the irregularity of the structure. However, in the 

present study the irregularity under the influence of torsion 

are studied in detail.  

Hence, the following objectives were identified 

based on these parameters. 

 To study the effect of irregular distribution of mass in 

plan on the seismic response of structures. 

 To study the influence of diaphragm discontinuity in 

the RC frame buildings. 

 To study the influence of discontinuities in a lateral 

force resistance path, such as out-of-plane offsets of 

vertical elements etc. 

 To study the influence of Non parallel System ie the 

vertical elements resisting the lateral force which are 

not parallel about major orthogonal axes. 

III. REVIEW OF LITERATURE 

Anil K. Chopra et.al (2004) [2] study compares the seismic 

demands for vertically irregular and ‘‘regular’’ fram9es 

determined by rigorous nonlinear response history analysis 

(RHA), due to an ensemble of 20 ground motions. Forty-

eight irregular frames, all 12-story high with strong columns 

and weak beams, were designed with three types of 

irregularities stiffness, strength, and combined stiffness and 

strength introduced in eight different locations along the 

height using two modification factors. The effects of vertical 

irregularity on the median values of story drifts and floor 

displacements are documented. Next, the median and 

dispersion values of the ratio of story drift demands 

determined by modal pushover analysis (MPA) and 

nonlinear RHA were computed to measure the bias and 

dispersion of (MPA) estimates leading to the following 

results: (1) the bias in the MPA procedure does not increase, 

i.e., its accuracy does not deteriorate, in spite of irregularity 

in stiffness, strength, or stiffness and strength provided the 

irregularity is in the middle or upper story, (2) the MPA 

procedure is less accurate relative to the regular frame in 

estimating the seismic demands of frames with strong or 

stiff-and-strong first story; soft, weak, or soft-and-weak 

lower half; stiff, strong, or stiff-and-strong lower half, (3) in 

spite of the larger bias in estimating drift demands for some 

of the stories in particular cases, the MPA procedure 

identifies stories with largest drift demands and estimates 

them to a sufficient degree of accuracy, detecting critical 

stories in such frames, and(4) the bias in the MPA procedure 

for frames with a soft, weak, or soft-and-weak first story is 

about the same as for the regular frame. 

Babak Rajaee Rad et.al (2007) [3] High-rise 

concrete shear walls are often supported near or below grade 

by stiff floor diaphragms connected to perimeter foundation 

walls. When a large portion of the overturning moment in 

the wall is transferred to the foundation walls by force 

couples in two or more stiff floor diaphragms, the maximum 

bending moment flexural plastic hinge occurs above the 

diaphragms and the shear force reverses below the flexural 

hinge. Depending on the stiffness of floor diaphragms, and 

on the shear rigidity and flexural rigidity of the high-rise 

concrete walls, the reverse shear force below the flexural 

hinge may be much larger than the base shear above the 

flexural hinge. Devesh P. Soni (2006) [4] study summarizes 

state-of-the-art knowledge in the seismic response of 

vertically irregular building frames. Criteria defining 

vertical irregularity as per the current building codes have 

been discussed. A review of studies on the seismic behavior 

of vertically irregular structures along with their findings 

has been presented. It is observed that building codes 

provide criteria to classify the vertically irregular structures 

and suggest dynamic analysis to arrive at design lateral 

forces. Most of the studies agree on the increase in drift 

demand in the tower portion of set-back structures and on 

the increase in seismic demand for buildings with 

discontinuous distributions in mass, stiffness, and strength. 

The largest seismic demand is found for the combined-

stiffness-and-strength irregularity. It can be concluded that a 
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large number of research studies and building codes have 

addressed the issue of effects of vertical irregularities 

A majority of studies have evaluated the elastic 

response only. Most of the studies have focused on 

investigating two types of irregularities: those in set-back 

and soft and/or weak first story structures. Finally, buildings 

with a wide range of vertical irregularities that were 

designed specifically for code based limits on drift, strength 

and ductility, have exhibited reasonable performances, even 

though the design forces were obtained from the ELF 

(seismic coefficient) procedures. 

Dhiman Basu et.al (2004) [5] made a detailed 

investigation on the importance of diaphragm rigidity for the 

seismic response of a structure. Even though a rigid floor 

diaphragm is a good assumption for seismic analysis of most 

buildings, several building configurations may exhibit 

significant flexibility in floor diaphragm. In this paper, the 

definition of centre of rigidity for rigid floor diaphragm 

buildings has been extended to unsymmetrical buildings 

with flexible floors. A superposition-based analysis 

procedure is proposed to implement code-specified torsional 

provisions for buildings with flexible floor diaphragms, 

similar to that of rigid floor diaphragms. The procedure 

suggested considers amplification of static eccentricity as 

well as accidental eccentricity. The proposed approach is 

applicable to orthogonal as well as non-orthogonal 

unsymmetrical buildings and accounts for all possible 

definitions of centre of rigidity. 

The torsional provisions suggested in building 

codes of various countries are discussed in this paper. 

The proposed procedure ensures that the resultant 

member force is close to that of rigid floor buildings as the 

floor diaphragm rigidity increases. It is seen that treating the 

diaphragms of such buildings as rigid for torsional analysis 

may cause considerable error. 

Eduardo Miranda et.al (2004) [6] An approximate 

method is presented to estimate the maximum lateral drift 

demands in multi-story buildings with non-uniform lateral 

stiffness responding primarily in the fundamental mode 

when subjected to earthquake ground motions. The method 

is aimed at the estimation of the maximum roof 

displacement and of the maximum inter story drift ratio for a 

given response spectrum. A simplified model of the multi-

story building is used based on an equivalent continuum 

structure with non-uniform lateral stiffness distribution 

consisting of a combination of a flexural cantilever beam 

and a shear cantilever beam. 

Juan Carlos De la Llera et.al (1992) [9] A 

procedure is presented for evaluating building-code 

provisions for accidental torsion from analysis of 

earthquake-induced motions of nominally symmetric plan 

buildings. This procedure is used to analyze the motions of 

three buildings recorded during recent California 

earthquakes. Two alternative approaches to evaluate the 

code accidental torsion provisions are developed. The first 

one considers the response histories of base shear and base 

torque in the building, and the second, the "actual" forces in 

the structural elements during the earthquake. The results 

show that base rotational motions cause between 25% and 

45% of the total accidental torsion in the buildings. They 

also demonstrate that the accidental torsional moments 

specified by the Uniform Building Code are sufficient in 

representing the torsion in the recorded motions of the three 

buildings. Further, it is shown that accidental torsion need 

not be considered in the design of two of the three buildings 

studied. This observation, however, may not necessarily 

apply to other structures, such as buildings with torsional 

vibration periods much longer than their lateral vibration 

periods. 

Kamal C. Sarma et.al (2003) [10] recently created 

fuzzy discrete multi criteria optimization model for 

automated design of large steel structures subjected to the 

actual constraints of commonly used design codes. In this 

work, the model is used to perform a comparative study of 

optimum designs of steel high rise building structures using 

AISC allowable stress design and load and resistance factor 

design (LRFD) codes. Results are presented for two large 

structures, a 36-story space moment-resisting frame with 

cross bracings and a 144-story super high-rise building 

structure with over 20,000 members. LRFD code results in 

the cost savings in the range of 3.0–6.9% for the 36-story 

steel structure and 1.7–4.3% for the 144-story steel 

structure. When serviceability (stiffness) is more of a 

controlling factor, the LRFD code in general yields a much 

smaller advantage for weight savings. 

IV. MODELLING 

The modelling and analysis of the building is carried out 

using ETABS Nonlinear v9.2.0 software package. ETABS 

is a powerful program developed by Computers and 

Structures Inc, Berkeley, California, USA which can greatly 

enhance an engineer's analysis and design capabilities for 

structures. Part of that power lies in an array of options and 

features. The other part lies in how simple it is to use.  

The basic approach for using the program is very 

straight forward. The user establishes grid lines, defines 

material and structural properties, places structural objects 

relative to the grid lines using point, line and area object 

tool. All the types of loads that the structure is subjected to, 

can be defined and assigned to the appropriate structural 

components. Dynamic analysis properties like mass source, 

total number of mode shapes and its directions can be 

defined. The following topics describe some of the 

important areas in the modelling. Finally, the analysis can be 

performed and the results are generated in graphical or 

tabular form that can be printed to a printer or to a file for 

use in other programs. The following topics describe some 

of the important areas in the modelling. 

V. MODELLING OF REGULAR BUILDINGS 

Details of regular buildings considered in this work are as 

follows: 

 Column size 230X600 mm  

 Beam size is 230X450 mm 

 Slab size is 150mm thick 

 Height of the floor 3m 

 Live Load on roof slab 1.5 KN/m2  

 Live Load on floor slab 3KN/m2 

 Floor Finish on roof slab 1.5 KN/m2 

 Floor Finish on floor slab 1KN/m2 

All the columns are assumed to be fixed at their 

base Characteristic compressive strength of concrete in slabs 
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is M25 Characteristic compressive strength of concrete in 

Columns and Beams is M30 

 
Fig. 1: ETABS model screen shot of a regular 10 storied 

building 

The similar models are generated using ETABS with & 

without irregularities are for 10, 15 & 20 storey’s  

VI. MODELLING IN IRREGULAR BUILDINGS 

A. Diaphragm Irregularity 

Details of irregular buildings are same as considered in 

regular buildings but the changes made are as follows. 

In this irregularity, the changes made with respect 

to Regular building are Floor area is reduced by 50% as that 

of regular building as per mentioned in the IS 1893-2002 

part I & floor are is reduced by  50 % in alternate floors of 

the respective irregular building 

 
Fig. 2: ETABS model screen shot of a diaphragm irregular 

10 storied building 

B. Mass Irregularity 

In this irregularity the changes made with respect to Regular 

building is that the live load is increased more than 200% 

that of a regular building. Live load considered is 3KN/m2 

where as in irregular building it is considered as 7KN/m2 in 

4th and 8th floor as per IS 1893-2002 part I. 

 
Fig. 3: ETABS model screen shot of a mass irregular 10 

storied building 

C. Non Parallel Irregularity 

In this irregularity the changes with respect to Regular 

building is that the Shear Walls has been provided which are 

not parallel compared to that of  regular building as per the 

IS 1893-2002 part I. 

 
Fig. 4: ETABS model screen shot of a Non parallel irregular 

10 storied building 

VII. SEISMIC ANALYSIS OF STRUCTURES 

A. Equivalent Lateral Force Method 

The total design lateral force or design base shear along any 

principal direction is given in terms of design horizontal 

seismic coefficient and seismic weight of the structure. 

Design horizontal seismic coefficient depends on the zone 

factor of the site, importance of the structure, response 

reduction factor of the lateral load resisting elements and the 

fundamental period of the structure. The procedure 

generally used for the equivalent static analysis is explained 

below: 

1) Determination of fundamental natural period (Ta)of the 

buildings  

 0.75

aT =0.075h  Moment resisting RC frame building 

without brick infill wall 

 0.75

aT =0.085h Moment resisting steel frame building 

without brick infill walls 

 
a dT =0.09h/ All other buildings including moment 

resisting RC frame building with brick infill walls. 

Where, 

h -is the height of building in m  

d - is the base dimension of building at plinth level 

in m, along the considered direction of lateral force. 

2) Determination of base shear (VB) n of the building 

B hV A W 
 

Where, 

Z I Sa
Ah

2 R g


is the design horizontal seismic 

coefficient, which depends on the seismic zone factor (Z), 

importance factor (I), response reduction factor (R) and the 

average response acceleration coefficients (Sa/g). Sa/g in 

turn depends on the nature of foundation soil (rock, medium 

or soft soil sites), natural period and the damping of the 

structure. 

3) Distribution of design base shear 

The design base shear VB thus obtained shall be distributed 

along the height of the building as per the following 

expression: 
2

i i
i B n

2
i i

i 1

W h
Q V

W h






 

Where, Qi is the design lateral force, Wi is the 

seismic weight, hi is the height of the ith floor measured from 

base and n is the number of stories in the building. 
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VIII. RESULTS AND DISCUSSIONS 

The results of each building models are presented in this 

chapter. The analysis carried out are equivalent static and 

seismic analysis, the results are obtained for ten, fifteen and 

twenty story buildings The result of Torsional moment, 

Fundamental time period and Base shear for different 

models are presented and compared to with different models 

for different irregularities, In addition to this all models are 

evaluated with different type of soils, all the zones, mass, 

rigidity and performance of different type of irregularities in 

different soil and zone types are presented. 

Note: The notations used below are as follows 

 R= REGULAR 

 IR= IRREGULAR 

 REGS1= Regular Soil Type 1 

 REGS2= Regular Soil Type 2 

 REGS3= Regular Soil Type 3  

 IREGS1= Irregular Soil Type 1 

 IREGS2= Irregular Soil Type 2 

 IREGS3= Irregular Soil Type 3 

A. Diaphram irregularity 

1) Torsional Moments 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 5: Torsional Moments 

B. Mass Irregularity 

1) Torsional Moment 
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Fig. 6: Torsional Moments 

C. Non Parallel Offset Irregularity 

1) Torsional Moment 
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Fig. 7: Torsional Moments 

2) Base Shear 

 

 

 

 
Fig. 8: Base Shear 

IX. CONCLUSION 

From the study on Diaphragm irregularity following are 

concluded: 

 Torsional moments, fundamental period & base shear 

increases with the increase in the height of a regular 

building. 

 The effects of variation in the Torsional moments are 

high in a 10&15 storied building in seismic zone II 

founded on soil types 3 and zone III founded on soil 

type 1 respectively. 

 The effect of variation in the Base shear is high in a 15 

storied building compared to 10 and 20 storied 

building.  

 The effect of variation in the fundamental time period 

is high in a 15 storied building compared to a 10 or a 

20 storied building. 

 From the study on Mass irregularity following are 

concluded: 

 No change in the Torsional moments in a 10, 15, 20 

storied irregular buildings as compared to the regular 

building . 

 The effect of variation in the Base shear is high in a 10 

storied building compared to 15 and 20 storied 

building. 

 The effect of variation in the fundamental time period 

is high in a 10 storied building compared to a 15 or a 

20 storied building. 

From the study on Non-parallel irregularity 

following are concluded: 

 The torsional moments, fundamental period & base 

shear increases with the increase in the height of a 

regular building. 

 The effect of variation in the Torsional moments is 

high in 10 to 20 storied building in all seismic zones & 

all soil types. 

 Base shear varies linearly in 10 to 20 storied building 

in all seismic zones & all soil types. 

 The effect of variation in the fundamental time period 

is high in a 10 storied building compared to a 15 or a 

20 storied building. 
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