
© 2021 JETIR July 2021, Volume 8, Issue 7                                                             www.jetir.org (ISSN-2349-5162) 

JETIR2107282 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org c133 
 

Seismic Performance Assessment Of Irregular Rc 

Building  
1Nina D. Raut, 2Prof. Dilip Budlani 

1PG Scholar, 2Assistant Professor 
1Civil Engineering Department,  

1Guru Nanak Institute of Technology, Nagpur, India. 

 

Abstract :  An undesirable energy because of quake and substantial breeze activities goes about as an information or outer 

burden on to the design. It prompts minor harms or complete breakdown of the construction. The harm to the construction relies 

upon numerous components like power of quake, top ground speed increase and primary properties. Harm to unpredictable 

designs brought about by imbalance in arrangement has been seen during many major and minor tremors during the past. The 

non-incidental focal point of mass and firmness in a construction create plan unevenness which causes torsional vibration 

bringing about serious harm to underlying segments in the more horizontally adaptable locales of the design. Demonstrating 

assumes a vital part in plan and investigation of constructions.  

In the current work, 5 story building models with various arrangement shapes have been considered viz. Square shape, Plus and 

L-molded structure (same arrangement region). At first, the powerful property, for example, mode shapes and time-frame is read 

for the three models considered. Time history examination utilizing four genuine ground movements is acted in SAP 2000, and 

the evaluation of these structures are finished by picking different basic harming measures, for example, story float, popular 

narrative uprooting, speed increase and base shear and it has been seen that Plus formed structure is more risky during seismic 

occasion.  

Finally, Nonlinear static weakling investigation is performed to evaluate the general limit of the structure. The reaction decrease 

factor 'R" is additionally worked out and it is seen that Rectangle formed structure has 'R' esteem more than 5.0 and sporadic 

structure has esteem under 5.0, which is not quite the same as the worth referenced in IS 1893:2016. At last, it has been inferred 

that, seismic interest for unpredictable design is all the more so the huge energy because of tremor might be caught up with least 

harm. 

IndexTerms - Asymmetric Building, Time History Analysis, Non Linear Static Push Over Analysis, Response Reduction 

Factor 

I. INTRODUCTION 

A tremor is the shaking of the outside of the Earth, coming about because of the unexpected arrival of energy, which makes 

Seismic waves. Tremors can run in size from those that are feeble to the point that they can't be felt to those brutal enough to throw 

individuals around and annihilate entire urban areas. The seismicity of a space is the recurrence, type and size of quakes 

experienced over a time of time.At the Earth's surface, tremors show themselves by shaking and dislodging or disturbing the 

ground. Seismic tremors can likewise prompts avalanches and furthermore volcanic activity.Earthquakes are caused generally by 

burst of topographical deficiencies, yet in addition by different occasions like volcanic action, avalanches, mine impacts, and 

atomic tests. A quake's place of beginning burst is called its concentration or hypocentre. The focal point is the point at ground 

level straight over the hypocentre as displayed in figure 1.1. 

Irregularity  

Numerous structures in the current situation have unpredictable arrangements 

both in arrangement and rise and these in future might be exposed to obliterating 

quakes. It is important to distinguish the exhibition of such unpredictable 

constructions against calamity for both the new and existing ones. Designs 

experience horizontal redirections under quake loads. Size of these parallel 

avoidances is identified with numerous factors like primary framework, mass of 

the design and mechanical properties of the underlying materials. Supported 

cement multi-celebrated structures are extremely perplexing to demonstrate as 

primary frameworks for investigation. The current adaptation of the IS 1893 (Part 

1):2016 necessitates that for all intents and purposes all multi-storeyed structures be dissected as three dimensional frameworks. 

This is because of the abnormalities in arrangement or rise or in both. Underlying abnormalities are significant elements which 

decline the seismic exhibition of the designs. The investigation in general puts forth an attempt to assess the impact of vertical 

inconsistency on RC structures. The conduct of a structure during a seismic tremor relies upon a few factors, for example, 

solidness, sufficient sidelong strength, and malleability, basic and ordinary arrangements. The structures with normal math and 

consistently circulated mass and firmness in arrangement just as in height endure substantially less harm contrasted with 

unpredictable setups. Be that as it may, these days need and request of the most recent age and developing populace has made the 

draftsmen or designers unavoidable towards arranging of sporadic arrangements. Thus seismic tremor designing has fostered the 

main points of interest in understanding the job of building setups. 

II. LITERATURE REVIEW 

Moehle (1985) clarified about the static investigation of unpredictable structure and their presentation for the seismic assessment of 

the design. For that reason, they have stepped through four diverse exam construction and they have broke down it for the seismic 

powers utilizing static examination. The models were unpredictable fit with vertical intermittence in height by eliminating some 

divider on the upper stories and it was tracked down that standard cutoff examination and static inelastic investigation give great 

proportions of solidarity and disfigurement attributes under solid tremor movements.  
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Cheung and Tso (1987) researched the examination of the structure for the parallel loadings. They introduced the strategy to 

acquire the heap conveyance on the opposing components of symmetric and unconventional mishap which exposed to horizontal 

loadings. The viable burden idea is utilized by the proposed technique to partition the stacking into load segments, both 

translational and torsional. The corresponding firmness rule of power dissemination would then be able to be applied to each heap 

segment. As well as being a useful plan apparatus, the proposed methodology likewise gives a comprehension of the heap move 

component engaged with difficulty structures, particularly in the locale where the mishap happens and complexity in conduct is 

normal. Wood (1992) executed this investigation for the built up substantial edges with misfortunes for seismic execution for the 

scaled model. Balanced and unsymmetrical courses of action of mishaps structures were tried. The uprooting, speed increase, and 

shear reactions of the mishap outlines during quake recreations are contrasted and those of seven recently tried casings with 

uniform profiles. The variety of delegate reaction maxima with base movement force and disseminations of greatest reaction over 

the stature of the edges are thought of. Mishap outlines are not seen to be more defenseless to harm or more helpless to higher mode 

impacts than the edges with uniform profiles. The conduct of the edges was contrasted and that of seven edges with uniform 

profiles. The dislodging and shear reactions of the difficulty outlines were administered by the powerful first mode. Speed increase 

reaction at all levels showed the commitment of higher modes. The most extreme popular narrative relocation of each of the nine 

supported substantial casings expanded directly with expanding ground movement power.  

Valmundsson and Nau (1997) contemplated the seismic inconsistencies should be thought of while planning structure for seismic 

reaction. Quake configuration codes require various strategies for examination for ordinary and sporadic designs, however as of late 

codes have included explicit rules that characterize unpredictable constructions. In this paper, the mass, strength, and firmness 

limits for ordinary structures as indicated by the Uniform Building Code (UBC) are assessed. The designs considered are two-

dimensional structure outlines with 5, 10, and 20 stories. Six basic periods are considered for each design bunch. Abnormalities are 

presented by changing the properties of one story or floor. Floor-mass proportions going from 0.1 to 5.0 are thought of, and first-

story firmness and strength proportions changing from 1.0 to 0.5 are incorporated. The reaction is determined for plan flexibility 

levels of I (versatile), 2, 6, and 10 for four quake records. Ends are determined with respect with the impacts of the abnormalities on 

shear powers and most extreme flexibility requests. It is tracked down that the mass and solidness measures of UBC bring about 

moderate expansions accordingly amounts of sporadic designs contrasted with customary constructions. The strength measure, 

nonetheless, brings about huge expansions accordingly amounts and hence isn't steady with the mass and firmness necessities. In 

view of these discoveries, a few adjustments to the measures are proposed, which incorporate a reconsidered recipe for assessing 

the essential time frame for structures with no uniform circulations of mass..  

III. METHODOLOGY 
Response Spectrum Method 

IS 1893 (Part 1): 2002 has recommended the method of dynamic analysis in section 7.8 in case of  

I) Regular building (h>40 m for Zone IV, V) & (h>90 m for Zone II, III) 

II) Irregular building (h>12 m for Zone IV, V) & (h>40 m for Zone II, III) 

The purpose of dynamic analysis is to obtain the design seismic forces, with its distribution to different levels along the height of 

the building and to the various lateral load resisting elements similar to equivalent lateral force method. 

The procedure of dynamic analysis described in the code is valid only for regular type of building, which is almost symmetrical in 

plan and elevation about the axis having uniform distribution of lateral load resisting element. It is further assumed that all the 

masses are lumped at the storey level and only sway displacement is permitted at each storey. 

The dynamic analysis procedure for regular type of building is divided into several steps which are as follows:  

Determination of Eigen value and eigenvector, clause: 7.8.4.1 

Let the shear stiffness of ith storey is ki and the mass is mi subjected to an external dynamic force fi(t) and the corresponding 

displacement xi(t) as shown in fig. assuming damping in the system is small, so it may be ignored and the system is analyzed as 

undamped system. Using D’alembert principle, the dynamic equilibrium equation of mass at each floor is, 

m1ẍ1+k1(x1-x0)-k2 (x2 -x1) = f1 (t)  

m2ẍ2+k2(x2-x1)-k3 (x3 –x2) = f2 (t) 

m3ẍ3+k3(x3-x2)-k4 (x4 –x3) = f3 (t) 

m4ẍ4+k4(x4-x3)-k5(x5 –x4) = f4 (t) 

Expressing the equation in matrix form  

Diag [m1, m2, m3, m4]  [

ẍ1

ẍ2

ẍ3

ẍ4

] + [

(k1 + k2) −k2 0 0

−k2 (k2 + k3) −k3 0
0 −k3 (k3 + k4) −k4

0 0 −k4 (k4 + k5)

] [

x1

 x2

x3

 x4

] = [

 f1
f2
f3
f4

] 

 

In which, 

[M]= Diag [m1, m2, m3, m4] 

[ẍ] =[

ẍ1

 ẍ2

ẍ3

ẍ4

]  ;[k] = [

(k1 + k2) −k2 0 0

−k2 (k2 + k3) −k3 0
0 −k3 (k3 + k4) −k4

0 0 −k4 (k4 + k5)

]; [x]=[

 x1

 x2

 x3

x4

]  ,  [F]= [

f1
f2
 f3
 f4

] 

 

The equilibrium equation can be expressed in matrix from as, 

Mẍ+kX=F  

Where M and K are called mass and stiffness matrices respectively, which are symmetrical. ẍ, X and F called acceleration, 

displacement and force vector respectively, and all are function of time (t). 

If the structure is allowed to freely vibrate with no external force (vector Fis equal to zero) and no damping in simple harmonic 

motion, then the system represents undamped free vibration (clause 7.8.4.1 of IS 1893 (part1):2002). In that case, displacement x 

can be defined at time t is, 
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X (t) = x sin (ωt+ ) 

Where, 

X= amplitude of vibration, 

ω=natural circular frequency of vibration  

 =phase difference, which depends on the displacement and velocity at time t=0 

 

Differentiating x (t) twice with respect to time enables the relationship between acceleration and displacement.Substituting, 

equation for free undamped vibration of the MDOF system become 

ẍ (t)= -ω2 x sin (ωt+ ) = -ω2 x (t) 

Where, ω2 is known as the eigen value or natural frequencies of the system, defined as 

[ω2] = diag [ω1
2,ω2

2,ω3
2,ω4

2] 

This is known as Eigen value or characteristic value problem. 

From the relation that, natural time period=
2π

ω
 

Natural time period, T is (clause7.8.4.1) 

[T]=diag [T1, T2, T3, T4] s 

X is known as an Eigen vector/ modal vector or mode shape (clause 7.8.4.10), represented as 

{ } = { 1 2 3 4} 

Design lateral force at each floor in clause: 7.8.4.5 (c)  

The design lateral force (Qik) at floor I in mode k is given by, 

Qik= AkΦikPkWi 

Where At is design horizontal acceleration spectrum value as per 6.4.2 using the natural period of vibration (Tk) of mode k. 

The design horizontal seismic coefficient At for various modes are worked out using 

A t =  
Z

2

I

R

Sg

g
 . 

Design Lateral Force in Each Mode  

Qi1 = (A1 P1Φi1W1)   ,        Qi1 = 

[
 
 
 
 

(A1P1Φ11W1)

(A2P2Φ22W2)
     … …… … ..   
(A1P1Φ..1Wn−1)

  (A1P1Φn1Wn−1)  ]
 
 
 
 

    kN 

Similarly, Qi2, Qi3, Qi4….. Qin. 

Storey shear forces in each mode, clause: 7.8.4.5 (d)  

The peak shear forces (Vik) acting in storey I in mode k is given by, 

Vik = ∑ Qik
n
j=i+1  

 

The storey shear force for the first mode is, 

Vik = ∑ Qi1
n
j=i+1  =  [

V11

V21

V(n−1)1

Vn1

]   =   

[
 
 
 
 
(Q11 + Q21 + Q..1 + Qn1 )

(Q21  +  Q(n−1)1 + Qn1 )

(Q(n−1)1 + Qn1)

Qn1 ]
 
 
 
 

 

 

Vi2 =     [

V12

V22

V32

V42

],     Vi3 = [

V13

V23

V33

V43

],     Vi4 = [

V14

V24

V34

V44

] 

 

Storey shear forces due to all modes considered, clause: 7.8.4.5 (e) 

The peak shear forces (Vi) in storey I due to all modes considered is obtained by combining those due to each mode in accordance 

with modal combination as per clause 7.8.4.4. The combinations are usually achieved by using statistical methods. 

IV. RESULT AND DISCUSSION 

Nonlinear Analysis Results  

Nonlinear static weakling examination has been acted in SAP 2000, in order to evaluate the exhibition of the design. Bars and 

segments have been appointed with the pivot property at both the finishes which is suggested by FEMA 356. This property is 

inbuilt in SAP 2000. The shafts are alloted with second M2 pivots and sections as hub coupled P-M2-M3 pivots at the two closures. 

This property is valuable to perform sucker examination. The outcome from this examination gives the weakling bend i.e the limit 

of the structure. It is the graphical portrayal with relocation on abscissa and base shear on ordinate pivot. The investigation is done 

both way viz. longitudinal and cross over. The arrangement anomaly has assumed significant part in the difference in shear limit 

and malleability of the structure.  

The outcomes from the weakling bend additionally gives the reaction decrease factor 'R', which assists with understanding the 

measure of power being really opposed by the structure during a tremor. Generally reaction decrease is characterized by the 

accompanying articulation surrendered (ATC 19, 1995):  

R=R_s∙R_μ∙R_R∙R_ξ  
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The Response decrease factor is an element of essential four boundaries i.e., strength factor (R_s), flexibility factor (R_μ), 

repetition factor (R_R) and damping factor (R_ξ). The contribution of different elements relies upon a few boundaries. The worth 

of R_ξmay be thought to be one, since there is no energy dispersal gadget in the structure. This factor will assume part at whatever 

point, any energy scattering gadgets are utilized in the design. The factor R_R is known as repetition factor which relies upon the 

locking course of action of the construction, more the level of excess, more is the wellbeing. The worth of this factor is thought to 

be one, because of level of excess. The factor R_s is known as strength factor which is determined by the proportion of base shear 

determined at the breakdown anticipation level which is controlled by the weakling examination and configuration base shear limit 

(VB). Finally, the factor R_μ is called pliability factor, which is characterized as the proportion of relocation relating to most 

extreme base shear and yield dislodging. The definition that has been received for deciding the reaction decrease factor is given by 

the condition surrendered (Lakhade, et. al. 2017).  

R=R_s∙R_μ  

The reaction decrease factor got for square shape model is discovered to be 7.5 and 7.2 for X and Y course, and keeping in mind 

that breaking down it had been accepted 5 according to IS 1893:2016, which plainly implies that for standard the seismic interest 

required is not as much as what code has endorsed. The seismic might be diminished further by utilizing the worth of 'R' more than 

5. Also, the worth of 'R' got for L and in addition to formed structure is discovered to be under 5, which implies that the seismic 

interest for sporadic structure is more prominent than that of standard structures. Figure 5.3, 5.4 and 5.5. It has been seen that 

however Plus molded structure has more base shear strength as contrast with L-formed and square shape formed structure, however 

it performed poor while controlling harming measures. Ultimately, from the weakling examination, pivots of the structures has 

been considered. Figure 5.6, 5.7, 5.8, 5.9, 5.10, 5.11 show the disappointment pivots of square shape, in addition to and L-formed 

structure. 

 

 
V. CONCLUSION 

1. The time span of the structure is influenced by plan abnormality. The time-frame of square shape molded structure in X 

and Y heading is 0.995 and 0.889 sec, plan region being same, time-frame in addition to formed structure in X and Y course is 1.0 

and 0.87 sec and for L-formed has gotten more adaptable as its time span in X and Y-bearing is 1.55 and 1.36 sec separately. 

Henceforth it could be reasoned that arrangement abnormality improves the adaptability of the structure as seen in  

2. Torsional mode might be the essential method of vibration. Bending in the individuals is seen because of anomaly if 

there should be an occurrence of Plus molded structure in the essential method of vibrations.  

3. The time-frame of L-formed structure is higher than that of two structures, which unmistakably implies that building has 

gotten more adaptable.  

4. From the time history examination, pivotal harming measures reactions, for example, story float, popular narrative 

removal and speed increase of Plus molded structure is high, which plainly closed the impeding impacts of anomaly during base 

excitation.  

5. Plus molded structure is end up being powerless against seismic harm during quake.  

6. Modal weakling investigation might be utilized for the examination of sporadic constructions. 

Future Scope  

1. The impact of anomaly can likewise have surveyed by steady powerful investigation.  

2. Different states of working with various inconsistency might be broke down.  

3. Research might be stretched out to shield the current unpredictable constructions from the pivotal impacts of quake. 
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