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ABSTRACT 

This project named as “Design Of Earth-Quake Resistant Multi-Storied Rcc Building On A Sloping 

Ground” involves the analysis of simple 2-D frames of varying floor heights and varying no of bays using 

a very popular software tool STAAD Pro. Using the analysis results various graphs were drawn between 

the maximum axial force, maximum shear force, maximum bending moment, maximum tensile force and 

maximum compressive stress being developed for the frames on plane ground and sloping ground. The 

graphs used to drawn comparison between the two cases and the detailed study of “SHORT COLOUMN 

EFFECT” failure was carried up. In addition to that the detailed study of seismology was undertaken and 

the feasibility of the software tool to be used was also checked. Till date many such projects have been 

undertaken on this very topic but the analysis were generally done for the static loads i.e. dead load, live 

load etc, but to this the earthquake analysis or seismic analysis is to be incorporated. To create a technical 

knowhow, two similar categories of structures were analyzed, first on plane ground and another on a 

sloping ground. Then the results were compared. At last the a structure would be analyzed and designed 

on sloping ground for all possible load combinations pertaining to IS 456, IS 1893 and IS 13920 

manually. 

INTRODUCTION 

Seismology is the study of vibrations of earth 

mainly caused by earthquakes. The study of 

these vibrations by various techniques, 

understanding the nature and various physical 

processes that generate them from the major part 

of the seismology.  

Elastic rebound theory is one such theory, which 

was able to describe the phenomenon of 

earthquake occurring along the fault lines. 

Seismology as such is still a very unknown field 

of study where a lot of things are yet to be 

discovered.  

 

 

The above Picture is showing the fault lines and 

we can see that epicentres are all concentrated 

all along the fault lines. The reason for seismic 

activities occurring at places other than the fault 

lines are still a big question mark. Also the 

forecasting of earthquake has not been done yet 

and would be a landmark if done so. 

There is general saying that it’s not the 

earthquake which kills people but its the bad 

engineering which kills people. With 

industrialization came the demand of high rise 

building and came dangers with that. 

A seismic design of high rise buildings has 

assumed considerable importance in recent 

times. In traditional methods adopted based on 

fundamental mode of the structure and 



B EMANTHAPPA, et al, International Journal of Research Sciences and 
Advanced Engineering [IJRSAE]TM 
Volume 2, Issue 15, PP: 12 - 19, JULY’ 2016. 
 

 

International Journal of Research Sciences and Advanced Engineering 

                             Vol.2 (15), ISSN: 2319-6106, JUL’ 2016.                       PP: 12 -  19 

distribution of earthquake forces as static forces 

at various stories may be adequate for structures 

of small height subjected to earthquake of very 

low intensity but as the number of stories 

increases the seismic design demands more 

rigorous. 

During past earthquakes, reinforced concrete 

(RC) frame buildings that have columns of 

different heights within one storey, suffered 

more damage in the shorter columns as 

compared to taller columns in the same storey. 

Two examples of buildings with short columns 

in buildings on a sloping ground and buildings 

with a mezzanine floor can be seen in the figure 

given below.  

 

 

 

Poor behaviour of short columns is due to the 

fact that in an earthquake, a tall column and a 

short column of same cross section move 

horizontally by same amount which can be seen 

from the given figure below. 

However, the short column is stiffer as 

compared to the tall column, and it attracts 

larger earthquake force. Stiffness of a column 

means resistance to deformation- the larger is 

the stiffness, larger is the force required to 

deform it. 

If a short column is not adequately designed for 

such a large force, it can suffer significant 

damage during an earthquake. This behaviour is 

called Short Column Effect. The damage in 

these short columns is often in the form of X-

shaped cracking - this type of damage of 

columns is due to shear failure 

Many situations with short column effect arise in 

buildings. When a building is rested on sloped 

ground, during earthquake shaking all columns 

move horizontally by the same amount along 

with the floor slab at a particular level (this is 

called rigid floor diaphragm action). If short and 

tall columns exist within the same storey level, 

then the short columns attract several times 

larger earthquake force and suffer more damage 

as compared to taller ones. The short column 

effect also occurs in columns that support 

mezzanine floors or loft slabs that are added in 

between two regular floors 

There is another special situation in buildings 

when short-column effect occurs. Consider a 

wall (masonry or RC) of partial height built to fit 

a window over the remaining height. The 

adjacent columns behave as short columns due 

to presence of these walls. In many cases, other 

columns in the same storey are of regular height, 

as there are no walls adjoining them. When the 

floor slab moves horizontally during an 

earthquake, the upper ends of these columns 

undergo the same displacement. However, the 

stiff walls restrict horizontal movement of the 

lower portion of a short column, and it deforms 

by the full amount over the short height adjacent 

to the window opening. On the other hand, 

regular columns deform over the full height. 

Since the effective height over which a short 

column can freely bend is small, it offers more 

resistance to horizontal motion and thereby 

attracts a larger force as compared to the regular 

column. As a result, short column sustains more 

damage. X-cracking in a column adjacent to the 

walls of partial height. In new buildings, short 

column effect should be avoided to the extent 

possible during architectural design stage itself. 

When it is not possible to avoid short columns, 

this effect must be addressed in structural 

design. The Indian Standard IS:13920-1993 for 

ductile detailing of RC structures requires 
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special confining reinforcement to be provided 

over the full height of columns that are likely to 

sustain short column effect. The special 

confining reinforcement (i.e., closely spaced 

closed ties) must extend beyond the short 

column into the columns vertically above and 

below by a certain distance. In existing buildings 

with short columns, different retrofit solutions 

can be employed to avoid damage in future 

earthquakes. Where walls of partial 

height are present, the simplest solution is to 

close the openings by building a wall of full 

height - this will eliminate the short column 

effect 

LITERATURE REVIEW 

M.Y.Kaltakci,M.H. Arslan& G. 

Yavuz[1]studied the effect of external and 

internal shear wall location on strengthing weak 

RC frames. They concluded that shear wall and 

frame columns worked monolithically and any 

anchorage debonding was not seen at column-

shear joint.  

AbolhassanAstaneha[2]bout the seismic 

behavior and design of steel shear wall. Author 

divide the steel shear wall system into two 

categories namely singular shear wall system 

and dual shear wall system Based on the result 

of tests reported steel seismic design provision 

were developed and proposed by the author. 

Philip Line[3] demonstrates the example of two 

storey building. In the example sufficient 

strength to resist applied load is provided by 

perforated shear wall without the use of typical 

stamping and anchor required by other method. 

However no study was conducted on the 

difference of behavior of a RC building between 

the steel and concrete shear wall. In this paper 

author compare the behavior of building with 

steel and concrete building . 

K. H. YANG and A. F. ASHOUR1, studied the 

most codes of practice, such as EC2 and ACI 

318-05, recommend the use of strut-and-tie 

models for the design of reinforced concrete 

deep beams. However, studies on the validity of 

the strut-and-tie models for continuous deep 

beams are rare. This paper evaluates the strut-

and-tie model specified by ACI 318-05 and 

mechanism analysis of the plasticity theory in 

predicting the load capacity of 75 reinforced 

concrete continuous deep beams tested in the 

literature. The influence of such main 

parameters as compressive strength of concrete, 

shear span-to-overall depth ratio, main 

longitudinal bottom reinforcement, and shear 

reinforcement on the load capacity is also 

investigated using both methods and 

experimental results. Experimental results were 

closer to the predictions obtained from the 

mechanism analysis than the strut-and-tie model. 

The strut-and-tie model highly over estimated 

the load capacity of continuous deep beams 

without shear reinforcement. 

MUANG-SANGOP SENIWONGSE2, This 

paper presents comprehensive and practical 

engineering review not mathematics or computer 

science paper of the observed behaviour of the 

two types of slabs that have been used for the 

bottom floor slabs, at grade and underground, of 

buildings in the United States and overseas. The 

typical design of the slab-on-grade SOG built in 

the United States is described. The design 

requires only nominal reinforcing steel, but 

modern day design also requires ground 

preparation and improvement as necessary, 

including under slab perforated drainage pipe 

network embedded in the granular sub base, 

riser pipes, and a series of pumps. Sealing at all 

slab isolation joints and waterproofing 

membrane or water barrier system are provided 

for water tightness. The framed slab is supported 

directly on the building framing and on the 
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building foundation. The design can 

accommodate the soil and underground water 

pressure and in itself is watertight as the slab is 

cast monolithically with the structural walls and 

footings. The behaviour of the SOG depends so 

much on the behaviour soil properties of the soil 

strata on which the slab is resting on. It is 

sensitive to the variation of the soil conditions at 

and around building foundations, leading to 

uneven bumpy and cracked slab and leaking 

basement. These were demonstrated in the report 

of short- and long-term performances of various 

projects in Thailand and United States in the 

past 25 years. The paper refers to various 

analysis and design techniques that may be used 

to improve the design of both the SOG and the 

framed slab for serviceability and economy. It is 

concluded that both types of slabs may be 

selected to suit the functions and serviceability 

requirements of the buildings. The SOG requires 

less concrete and reinforcement than those for 

the framed slab counterpart, but when all other 

factors are considered including additional under 

slab drainage and pump system, operating, and 

long-term performance and maintenance, the 

overall costs of both slabs may not be far apart, 

yet the performance and integrity of the framed 

slab will certainly be superior. 

ZHU JIE-JIANG and ZHANG PEI-JUN3, 

explained the analysis for tall concrete structures 

was made and a corresponding computer 

program was given. Several kinds of elements in 

the program were considered to meet the 

demand of tall buildings with complex structural 

type.  These elements included beam-column 

element for beams and columns, single slice 

wall element and three vertical line element for 

walls, and tube-wall element for tubes. 

Computational example for verifying the models 

indicates that the result obtained by this method 

is identical with a well-known test result and the 

program can be used to search for the full 

process of structural reaction, even the softening 

stage of the structure.  With this push-over 

analysis method, an actual tall building with 

complex structural type was analyzed, and the 

result has been put into practice of the structural 

design of the building. 

SERGIO LAGOMARSINO and ANDREA 

PENNA4, studied the application of nonlinear 

static (pushover) procedures for the assessment 

of existing masonry buildings has been 

introduced into seismic codes, but it still 

includes several critical points in the 

implementation to real structures. The three-

dimensional model of a masonry building can be 

obtained by assembling frame-type macro-

element models of the walls and orthotropic 

membrane elements in order to represent the 

mechanical behaviour of flexible floors. This 

modelling, although very effective in 

representing the actual behaviour, does not allow 

to use common simplifications such as rigid 

floor motion. Moreover, a 3D pushover 

algorithm requires a predefined pattern of 

horizontal forces to be applied to the structure 

and, keeping constant the relative force ratios, 

the horizontal displacement of a control node is 

incremented. A new displacement-based 

algorithm for the adaptive pushover analysis of 

masonry walls and buildings is presented: the 

load pattern,  in this case, is directly derived, 

step-by-step, by the actual deformed shape 

evaluated during the pushover analysis. The 

proposed procedure seems to be very powerful 

for in-plane analyses of walls, whilst it requires 

some corrections in order to be applied to three-

dimensional masonry buildings. 

KUNNATH,   K, S., and KALKAN5, developed  

pushover  analysis  procedure  based  on  

structural  dynamics  theory, which  retains  the  

conceptual  simplicity  and  computational  

attractiveness  of  current  procedures  with  in- 
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variant force distribution. In this modal pushover 

analysis (MPA), the seismic demand due to 

individual terms  in  the  modal  expansion  of  

the  effective  earthquake  forces  is  determined  

by  a  pushover  analysis using the inertia force 

distribution for each mode. Combining these 

‘modal’ demands due to the first two or  three  

terms  of  the  expansion  provides  an  estimate  

of  the  total  seismic  demand  on  inelastic  

systems. When  applied  to  elastic  systems,  the  

MPA  procedure  is  shown  to  be  equivalent  to  

standard  response spectrum  analysis  (RSA).  

When  the  peak  inelastic  response  of  a  9-

storey  steel  building  determined  by the  

approximate  MPA  procedure  is  compared  

with  rigorous  non-linear  response  history  

analysis,  it  is demonstrated  that  MPA  

estimates  the  response  of  buildings  

responding  well  into  the  inelastic  range  to a  

similar  degree  of  accuracy  as  RSA  in  

estimating  peak  response  of  elastic  systems.  

Thus,  the  MPA procedure  is  accurate  enough  

for  practical  application  in  building  

evaluation  and  design. 

P. FAJFAR6, explained Structural response to 

strong earthquake ground motion cannot be 

accurately predicted due to large uncertainties 

and the randomness of structural properties and 

ground motion parameters. Consequently, 

excessive sophistication in structural analysis is 

not warranted. For the time being,  the  most  

rational  analysis  and  performance  evaluation  

methods  for  practical applications seem to be 

simplified non-linear procedures, which 

combine the non-linear static(pushover) analysis 

of a relatively simple mathematical model and 

the response spectrum approach. In recent years, 

a breakthrough of these procedures has been 

observed. They have been implemented into the 

modern guidelines and codes.  The paper 

discusses such procedures. After a brief 

overview of the methods, the major attention is 

focused on the N2 method, which has been 

implemented into the recent draft of the Euro 

code 8standard. The theoretical background of 

the extended version of the method, which can 

be applied for asymmetric structures, is 

presented.  The  similarities  and  differences  

between  different methods,  the  determination  

of  target  displacement  in  the  capacity  

spectrum  method,  the problems related to the 

application of simplified methods to analysis of 

3D models, the approximations   and   

limitations   of   the   simplified   inelastic   

methods,   and   the   direct displacement-based 

design are discussed. Although different 

methods may yield in many cases similar results, 

they differ in respect to simplicity, transparency 

and clarity of theoretical background. The most 

important difference is related to the 

determination of displacement demand. The use 

is inelastic spectra is considered to be more 

appropriate than the use of highly damped 

equivalent elastic spectra. 

GEORGE C. THOMOS, CONSTANTIN G. 

TREZOS7, a methodology for generating 

pushover curves of reinforced concrete frames, 

taking into account the randomness of the basic 

variables, is presented. The reinforced concrete 

frames are analysed using static non-linear 

analysis. The basic variables are considered as 

random variables and the capacity curves are 

generated by using reliability methods. Monte 

Carlo methods are used for the simulation of the 

random character of basic variables and a series 

of pushover curves is obtained. Each pushover 

curve is combined with the reduced response 

spectrum curve to obtain the performance point 

as the intersection of the two curves. The 

examination of the probability distribution of the 

performance point describes the seismic 

behaviour of the structure (ductility, interstorey 

drift, plastic hinge rotation etc.). The parameters 

affecting the variance of the response of the 
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structures are also examined and compared to 

the results of deterministic analysis. In the 

present study the random character of the 

response of   reinforced   concrete   frames   

under   static   non-linear analysis was   

examined.   More   precisely,   the   nature   of 

the pushover curve was examined.  A  variety  of  

typical structures,  covering  a  great  range  of  

the  basic  parameters (number of floors, number 

of spans, degree of redundancy etc.), were 

analyzed. 

LOAD 

Load case 1 : Earth Quake Load 

• Zone- III(Z= 0.16)  

• Special revisiting moment frame(RF= 5)  

• Importance factor = 1  

• Soil type medium  

• RC frame  

• Damping ratio=5  

• Self weight of the structure.  

• 1893 load in global x direction  

Load case 2 : Dead Load 

• Self weight of the structure.  

• Beams : 30 kN/m in global Y downward  

Load case 3 : Live Load 

• Beams : 200 kN/m in global Y 

downward Load Case 4 : DEAD + LIVE  

• L2 X 1.5 + L3 X 1.5  

Load Case 5 : DEAD +LIVE+EARTH QUAKE 

• L1 X 1.2 + L2 X 1.2+ L3X 1.2 Load 

Case 6 : DEAD +LIVE-EARTH QUAKE  

• -L1 X 1.2 + L2 X 1.2+ L3X 1.2 Load 

Case 7 : DEAD + EARTH QUAKE  

• L1 X 1.5 + L2 X 1.5  

Load Case 8 : DEAD -EARTH QUAKE 

• -L1 X 1.5 + L2 X 1.5  

Load Case 9 : DEAD +EARTH QUAKE 

• -L1 X 1.5 + L2 X 0.9  

Load Case 10 : DEAD -EARTH QUAK 

• -L1 X 1.5 + L2 X 0.9  

ANALYSIS TYPE :  P-DELTA 

CONCRETE DESIGN: 

• Consider all the load cases.  

• Parameters: ultimate tensile strength of 

steel-415 N/sq.mm  

• Concrete strength: 30 N/sq.mm  

• Clear cover: 30 mm.  

• Centre to centre distance of each beam- 

4 m  

• Height of each storey  

(a)First the structure is on level ground all the 

supporting columns being of 4 m height.  

(b)For the second case the we design the frame 

for same loading combinations but on a sloping 

ground of I in 5.  

• Each beam length = 5m  

So for this the dimensions of the supporting 

column are 4m, 4.5 m,5m, 5.5m and 6m. 
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CONCLUSION 

The tasks of providing full seismic safety for the 

residents inhabiting the most earthquake-prone 

regions are far from being solved. However in 

present time we have new regulations in place 

for construction that greatly contribute to 

earthquake disaster mitigation and are being in 

applied in accordance with world practice.  

In the regulations adopted for implementation in 

India the following factors have been found to 

be critically important in the design and 

construction of seismic resistant buildings: 

•sites selection for construction that are the most 

favourable in terms of the frequency of 

occurrence and the likely severity of ground 

shaking and ground failure;  

•high quality of construction to be provided 

conforming to related IS codes such as IS 1893 , 

IS 13920 to ensure good performance during 

future earthquakes.  

•To implement the design of building elements 

and joints between them in accordance with 

analysis .i.e. ductility design should be done.  

•structural-spatial solutions should be applied 

that provide symmetry and regularity in the 

distribution of mass and stiffness in plan and in 

elevation.  

•Whereas such the situations demands 

irregularity maximum effort should be given to 

done away with the harmful effects like that of 

SHORT COLUMN EFFECT”  

Researchers indicate that compliance with the 

above-mentioned requirements will contribute 

significantly to disaster mitigation, regardless of 

the intensity of the seismic loads and specific 

features of the earthquakes. These modifications 

in construction and design can be introduced 

which as a result has increase seismic reliability 

of the buildings and seismic safety for human 

life. 
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