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Abstract- Structural engineer's greatest challenge in today’s scenario is constructing seismic resistant structure. Uncertainties 
involved and behaviour studies are vital for all civil engineering structures. The approach to the design of Multi-story building 
should be based mainly on lateral stability and deformation in static analysis, because as per Bureau of Indian standard actual 
forces are much higher than design forces during an earthquake.  The aim of present study is to investigate the critical angle 
of seismic incidence for analysis of RCC frames. In this paper 4-story reinforced concrete building with moment resisting 
frame have been analysed by the equivalent static method of analysis. A set of values from 0 to 90 degrees with an increment 
of 10 degrees, have been used for angle of excitation of seismic force. Buildings’ columns have been divided into three main 
categories, including corner, side, and internal columns and column forces have been investigated in all cases. The result 
shows that column forces exceeds by varying the angle of excitation of seismic force and the value of axial forces may exceed 
the ordinary cases up to 13 %. The structure gets its maximum value of column forces with a specific angle of excitation of 
seismic force which is different from column to column.    
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I. INTRODUCTION 
 
In almost all seismic design codes consideration of the 
simultaneous effect of two horizontal components of 
earthquake excitation is taken into account as per 
Bureau of Indian standard the design lateral force 
shall be considered in each of the two orthogonal 
horizontal directions of the structure.  
 
For structures which have the lateral force resisting 
elements in the two orthogonal directions only, the 
design lateral force shall be considered along one 
direction at a time, and not in both directions 
simultaneously.  
 
It is known that for most world tectonic regions the 
ground motion can act along any horizontal direction; 
therefore, this implies the existence of a possible 
different direction of seismic incidence that would 
lead to an increase of structural response.  
 
Critical angles are earthquake incidence angles, 
producing critical responses. 
 
In this study 4-story reinforced concrete building with 
moment resisting frame, with a square plan, have been 
analysed by Equivalent Static Method of analysis.  
 
A set of values from 0 to 90 degrees, with an increment 
of 10 degrees, Has been used for angle of excitation of 
seismic force. 
 
The details of the study and its result are described 
briefly in the following section of the paper. 

II. PARAMETRIC DETAILS OF MODEL 
 

 
Figure 1: Plan of the building 

 
The detailed position of beams and columns of the 
model is shown in the figure 1. And table 1 represents 
all the basic specification required for the analysis of 
structure. 

 
Table 1: Overview of Models 

Type of  Structure 

 G+4 storied Rigid Jointed 
frame  (RC Moment 
Resisting Frame) 

 
 Seismic Zone V, As Per IS 1893 Part -I   Z 

= 0.36 
 Importance  All general building = 1 
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Factor 

 Rock and Soil 
Site Factor  Hard Soil = 1 

 Damping ratio  0.05 
 Imposed Load  3 KN/m2 
 Story Height  3.12 m 
 Size of beams  0.23mx0.45m 
 Size of columns  0.3mx0.3m 
 Depth of Slab  150 mm 
 Specific Weight 
of RCC  25 kN/m3 

 Specific Weight 
of brick    Infill  18 kN/m3 

 Infill Wall  150 mm 
 
III. METHODOLOGY 
 
The present study undertaken deals with Linear Static 
Method of Analysis. . Seismic force is applied with 
incidence angle of 0 to 90 degrees, with an increment 
of 10 degrees and column forces have been 
investigated in all cases. The columns have been 
divided into three main categories, including corner, 
side, and internal columns. The natural period of the 
building is calculated by the expression, T=0.09H/√D 
as per IS 1893:2002 (part1), wherein H is the height 
and D is the base dimension of the building in the 
considered direction of vibration. The lateral load 
calculation and its distribution along the height are 
done as per B.I.S provisions. The seismic weight is 
calculated using full dead load plus 25% of live load. 
Load combinations as per clause 6.3.1.2 of  IS 
1893:2002 (Part-1) are considered. 
 
IV. RESULTS AND DISCUSSION 
 
Table 2 represents the percent variation of axial force 
of column for various maximizing cases with respect 
to the base case. 
 
Table 2. Percent of variation of axial force in column 

In various cases 
Buildin
g Plane 
Shape 

Column 
Category 

Critical 
Angle 

Variation 
Percent 

Square 
Corner 49 13% 

Side 10 0.34% 
Middle 90 - 

 
It is seen in table 2 that for all the corner columns the 
value of axial force exceed the ordinary cases up to 
13% when when seismic force is applied at an angle of 
49 degrees, hence for all the corner columns 49 
degrees is the critical angle of seismic incidence. The 
variation of axial force with respect to the angle of 
seismic incidence is represented in figure 2. 

 
Figure 2: Axial force variation for corner columns. 

 
Table 3. Variation of moments in column 

 
 
It is seen in table 3 that maximum bending moment in 
the entire corner columns was obtained by applying 
seismic force at an angle of 49 degrees. It is observed 
for column one and seven that bending moments in 
one direction decreases by 32.70%, but bending 
moments in other direction increases 15.635 times 
similarly for column three and nine the bending 
moments in one direction decreases by 23.29% but 
bending moments in other direction increases 13.712 
times which makes a seismic incidence angle 49 
degree critical. Maximum bending moment in the 
entire side columns was obtained by applying seismic 
force at an angle of 10 degrees. All the side columns 
which were uniaxial become biaxial column. This 
makes a seismic incidence angle 10 degree critical. 
The bending moment in the central column occurs 
mainly by applying seismic force at an angle of 
incidence of either 0 or 90 degrees. 
 

Table 4. Variation of shear force in column 

 
 
It is seen in table 4 that maximum shear force in the 
entire corner columns was obtained by applying 
seismic force at an angle of 49 degrees. It is observed 
for column one and seven that shear force in one 
direction decreases by 31.11%, but the shear force in 
another direction increases 8.17 times similarly for 
column three and nine the shear force in one direction 
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decreases by 22.18% but the shear force in another 
direction increases 7.23 times which makes a seismic 
incidence angle 49 degree critical. Maximum shear 
force in the entire side columns was obtained by 
applying seismic force at an angle of 10 degrees. All 
the side columns which were uniaxial become biaxial 
column. This makes a seismic incidence angle 10 
degree critical. The shear force in the central column 
occurs mainly by applying seismic force at an angle of 
incidence of either 0 or 90 degrees. 
 
CONCLUSIONS 
 
 Axial force for all the corner columns exceeds the 
ordinary case up to 13 %, which makes the seismic 
incidence angle 49 degree critical. 
 The critical values of bending moments and shear 
force are obtained by varying the seismic incidence 
angle up to 10 degrees. 
 There is no unique specific angle of incidence for 
each structure which increases the value of internal 
forces of all structural members together; each 
member gets its maximum value of internal forces by a 
specific angle of incidence. 
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