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ABSTRACT

Short column effect is cause to failure of columns which may result in severe damages or
even collapse during earthquakes. The scope of the study is mainly to reveal the effect of
short column on the holistic behavior of the buildings. The adverse effect of the short column
on the response of buildings is shown in terms of the total load factor and displacement
capacity of building. The response of buildings in terms of ground storey displacements is
presented in figures and discussed. Various other factors influencing the short column
behavior are discussed. A G+4 storey RCC building responses are checked for both the
building constructed on plane and at an inclined ground using STAAD pro. Both the static
and dynamic analysis are performed on both the buildings. The buildings members are thus
compared with various important components of structural analysis such as for shear force,
bending moments, displacements, deflections and torsion. Shear wall as a solution to the
prevention of short column effect is designed and used at different positions and checked for
the changes in terms of the torsion, displacements, shear and frequency of vibration and time

period of vibration through mode shapes.

Keywords: Short Column, RCC building, Earthquake, Response spectrum analysis, Shear

wall
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CHAPTER -1

INTRODUCTION

1.1 GENERAL

Post-earthquake damages investigation in past and recent earthquakes has illustrated that the
building structures are vulnerable to severe damage and/or collapse during moderate to strong
ground motion. In this investigation, the results of maximum response in terms of base shear,
displacement, time history are evaluated. The aim of this paper is to represent a general study
on the short column behavior originated on sloping lots during earthquake referring to hilly
areas of zone 1V. 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 and also the short column could be due to presence of
intermediate beams or due to other reasons such as staircase landing slab, half infill wall. The
great stiffness of the short columns enables them to absorb large amount of energy.

The seismic analysis of G+4 storey RCC building on varying slope angles is studied
and compared with the same on the flat ground. The structural analysis software STAAD Pro
V8i is used to study the effect of short column on building performance during earthquake in
zone IV. According to the study of past short column behavior results, short column are
required to have more resistant sections and are suggested to be reinforced with more bars. It
has been observed that the footing columns of shorter height attract more forces, because of a
considerable increase in their stiffness, which in turn increases the horizontal force (i.e. shear)
and bending moment significantly. In addition more steel should be used as stirrups than as
longitudinal bars. Also for existing structures, shear capacity of short columns should be
retrofitted by FRP, steel jacket or other materials. North and northeastern parts of India have
large scale of hilly regions, which are categorized under seismic zone IV and V. Major
seismic events during the past years in hilly areas such as Kangra, 1905 earthquake M8,
Kinnaur ,1975 earthquake M6.2 , Uttarkashi uphill’s, 1991earthquake M6.6 ,Nepal/Sikkim
(India) border area in 2011 earthquake M6.9 ,where there is level difference of sloping lot
the short column failure is also seen in damaged buildings which is one of the vertical
irregularity. In the present study differently configured R.C framed building are described
and studied from structural seismic safety point of view under the action of dead, live and

earthquake loads. Plane land in hill is scare and therefore sloping land is being increasingly




used for buildings. The unequal height of the columns causes twisting and damage to the
short columns of the building. It is because shear force is concentrated in the relatively stiff
short columns which fail before the long columns. Short columns demand special attention in
building structures. As far as possible, such configuration shall be avoided during plan phase
itself; as failure of such columns could be quite brittle in nature hence disastrous. A G+4
storey RCC building responses are checked for both the building constructed on plane and at
an inclined ground. Comparison is made by using software such as STAAD. Pro, ETABS and
manual calculations on MS-excel. The static and dynamic response for the building on plane
and sloping ground are compared and checked for the changes in terms of shear force,
bending moments and deflection in same elements at an earthquake shaking of same
magnitude. In a static model for both the buildings a comparison is made between the
bending moments and shear forces of the elements at same nodes in both the structures.
Thereby, concluding the changes in the shear force and bending moments of same elements
in structure constructed on plane and sloping ground.

1.1.1 STAAD Pro V8i

STAAD Pro. V8i is a structural analysis and design computer program originally developed
by research engineers at Yorba Linda, CA in year 1997. In late 2005, Research Engineers
International was bought by Bentley Systems. STAAD Pro. Is one of the most widely used
structural analysis and design software. It supports several steel, concrete and timber design
codes.

STAAD Pro. V8i is a comprehensive and integrated finite element analysis and design
offering program. It is capable of analyzing any structure exposed to static loading, a
dynamic response, wind, earthquake and moving loads.

1.1.2 Shear wall

Shear wall may be defined as vertical elements of horizontal force resisting system,
composed of braced panels to bear the effect of lateral load acting on a structure. Shear wall
is designed using STAAD Pro. V8i to carry the seismic forces in (G+4) residential building
safely to the foundation and reduce the effect of lateral forces in short columns at base of the
building at sloping ground. It is a reinforced concrete (RC) vertical plate-like RC wall, in
addition to slabs, beams and columns. These walls generally start at foundation level and are
continuous throughout the building height. The thickness of the wall can vary from as low as

150 mm or as high as 400 mm in high rise buildings. Shear walls are usually provided along




both length and width of buildings. These carry earthquake loads downwards to the
foundation. Also, shear walls in buildings must be symmetrically located in plan to reduce ill-
effects of twist in buildings. These are the various positions of shear walls for which results

on displacements, torsion, time of vibration, frequency are studied.

o

(d) (€)

Figure 1.1: Various positions of shear walls in building at slope and plain

1.2 MODELING, ANALYSIS AND DESIGN ASSUMPTIONS
1.2.1 Material and geometrical properties
Following properties of material have been considered in the modeling

I.  Density of RCC: 25 KN/m®

II.  Young's modulus of concrete: 5000 Vfck




I1l.  The foundation depth is considered at 1.5 m below
IV.  Beam cross section : 300 x 400 mm
V.  Column cross section : 300 x 450 mm , 300 x 300 mm and 450 x 300 mm
VI.  Ht. of column (short) : 0.6 m, 2.3 m
VII.  Ht of column (long) : 4 m
VIIl.  Ground level and the floor height is 4 m.
IX.  Thickness of shear wall is 230 mm
1.2.2 Loading conditions
Dead Loads: as per IS: 875 (part-1) 1987
Self-wt. of slab
Slab = 0.15 x 25 = 3.75 kN/m? (slab thick. 150 mm
Assumed)
Floor Finish load = 1.47 kN/m?
Total slab load = 4.75 kN/m?
Live Loads: as per IS: 875 (Part-2) 1987

Response Spectrum Analysis: as per IS 1893 (Part-1) 2002

Design seismic base shear, Vp= AsW (Clause 7.5.3)

Design Spectrum An= ZIS,/2Rg

Z (zone) = .24 (Clause 6.4.2) Table 2

I (Importance factor) = 1 (for all general buildings)

R (Response reduction factor) = 3 (ordinary moment resisting frame) Table 7

Sa/g = Average response acceleration coefficient

Soil strata = Soft soil as N<10 refers to the soft soil in Clause 6.3.5.2, where N is 13.8, so,

have considered a medium soil, the corrected value, for the depth of foundation below

ground is 1.5 m <5 ;so, the N values is referred as 15 in Table 1. As per the report (NIT,

Kurukshetra), we have N= 13.8, so, for safe designing let us consider the soil be as soft soil.

When calculating the seismic weight of the building, in clause 7.3.1 it is specified that the

earthquake forces shall be calculated for the full dead load plus the percentage of imposed

load on the floors and the live load on roof is considered to be as zero when design seismic

forces are calculated. Table 8 gives percentage of imposed load to be considered in seismic

weight calculation, since we have L.L of 2 KN/m? on floor, we took 25 percent of imposed

load on floors.
Wind Load as per IS (Part-3) 1987




V= Vp X K1 X Kz X k3

Where, V}, =39 m/s (for Shimla) in Appendix A of IS 875 (Part-3)

k; = factor for maximum design life

Since, the building is a residential building, clause 5.3.1 and Table 1 of IS 875 (Part-3), k;=1
(for all general buildings, having return period of 50 years)

K= factor of terrain, height and structure clause 5.3.2

Category 3 is adopted as per the note which says this category includes well wooded areas
and shrubs, towns and industrial areas full or partially developed.

Clause 5.3.2.2 states variation of wind speed with height for different sizes of structures in
different terrains is k, dependent. Assuming Class A structures and/or their components such
as cladding, glazing, roofing etc, having maximum dimension (greatest horizontal or vertical
dimension) less than 20 m. Also, the wind speed till 10 m height of the building is constant
and varies after that.

Clause 5.3.3.1 states that the value is taken to be 1 for factor k3 when slope is less than 3.
When slope is greater than 3’ the value is taken to be 1 to 1.36 for slopes greater than 3.
P,=0.6V,’

Where, P; is the wind pressure

For the slopes greater than 3, Appendix C of IS 875 (Part-3)

Table 1.1: Value of actual length of the upwind slope in the wind direction as per Appendix
C of IS 875 (Part — 3)

Slope Le

Slope > 17 Z/0.3

L= actual length of the upwind slope in the wind direction
Z (effective height of the feature) = 150 m (assumed)

o (upwind slope in the wind direction) = tan™ (1/2.05) = 26
Topography factor, ks

Ks=1+Cs

C=10.36 (from Appendix C)

To get slope, s, referring figure 15 for hill and ridge

Le=500 m

X/Le=-.3




H/L.= .04
Therefore, s= .54
Ks= 1+ (0.36*0.54) = 1.1

1.3 PREVENTION

In buildings with heavy mass, earthquake induced forces are more so one way is to reduce the
mass of the building. In modern overall high rise buildings use of light weight prefab panels
in place of brick masonry walls is done. Also hollow concrete blocks could be used to
achieve the benefit of its light weight. Also irrespective of all these asymmetric, irregular
shapes and vertical irregularities in building configuration it can be made safe in earthquake
if proper modeling and analysis of concerned structure were carried out. To make short
columns more resistant sections and are suggested to be reinforced with more bars, in
addition more steel should be used as stirrups. All these points are to be kept in mind at time
of construction of a building. For existing structures shear capacity of short columns should

be retrofitted by FRP, steel jacket, concrete jacketing or other materials.

1.4 OBJECTIVES

0,

¢+ Study the behavior of buildings constructed on plane ground and sloping ground for

static load and dynamic load by use of appropriate software (STAAD Pro, ETABS)

%+ Strengthening solutions for a short column
1.5 SCOPE OF STUDY

The scope of the study is mainly to reveal the effect of short column on the whole
behavior of the buildings and ultimately finding the measure of prevention for the
buildings which are being in its construction phase or the already built buildings where
local repair is required thus, studying various prevention measures to control short
column failure can be implemented at the stage of construction of when building is newly
constructed. From analysis of structure on software we can measure the behavior of
overall building and the elements particularly the short columns and long columns at base

of structure.




CHAPTER -2

LITERATURE REVIEW

2.1 LITERATURE

Harumi Yashiro et al. (1990) studied “Shear failure mechanisms of reinforced concrete
short columns”, experimental and analytical study on the shear failure mechanisms of
reinforced concrete short columns of shear span ratio of 1.5 was carried out. They used 31
specimens for the experimental study and finite element analysis was applied for the
analytical study by considering bond-splitting cracks of concrete surrounding tensile steels,
the failure processes, until the maximum shear load, were followed. As a result, of the study
they carried was the failure processes and stress condition of reinforced concrete short
columns of shear span ratio of 1.5 are as follows: first, bending cracks and bending shear
cracks occur in the end positions; next, shear cracks in the end positions occur due to bending
yielding. Therefore, the solution for a seismic design of reinforced concrete structures such as
beams, columns are necessary to be ductile enough to make sure the structures should not fail
in brittle state under earthquake shear loading. For all column specimens, the cross section is
25x25 cm, the length is 75 cm, the ratio of shear span to depth is 1.5 and tensile steel ratio
(po) is 0.96 %. To cut bond between tensile steel bars and concrete, tensile steels are coated
with wax at first, coated with grease next and finally covered with soft paper. The region of
end portion is 25 cm in length from the member end and the middle portion is the central 25
cm-length. After, the results were found, they concluded that specimens under higher axial
load and with lower tie ratio are more brittle than those under lower axial load and with
higher tie ratio. From the crack patterns, for specimens in which the bond of tensile steels at
the middle portion is cut, shear failure is caused in the middle portion for the case of low tie
ratio and bond splitting failure is caused in the middle portion for the case of high tie ratio.
Shear load and deformation relationship is not greatly affected by the number of tensile steels
but crack patterns are. The results conclude from analytical study, specimens of 15t of axial
load, bending shear failure is caused. The variables which are considered to affect the
behavior of reinforced concrete short columns subjected to axial load (N) and shear load (Q)
are as follows:
(1) axial load:
(N): 15t (24 kg/cm’: 1/10F¢),




30t (48 kg/cm’: 2/ 10F¢),
45t (72 kg/cm’: 3/10F¢),
(2) tie ratio:

Pw =0.56% - @90 mm (2-9¢),

Pw=0.85% - @60 mm (2-9¢),

Pw=1.28% - @60 mm (3-9¢),
(3) bond condition at middle and end portions of the member: ordinary and cut,
(4) number of tensile steel:

3-D16 Py = 0.96%, y=15.0 cm,

2-D19 Py = 0.92%, v = 12.0cm,

4-D13 and I-D10 P; = 0.93%, y = 20.0cm,
Where, F. is the compression strength of concrete, Py, is tie ratio, Py is tensile steel ratio and
v is total length of tensile steels circumference.
For the specimens of 30t of axial load combined bending shear and bond splitting failure is
caused and for specimens of 45t of axial load bond splitting failure is caused. The stresses in
ties in the middle portion are rather larger. These values become larger as the axial loads
become larger. This corresponds to the occurrence of bond splitting cracks. Under lower axial
load, the stresses in tensile steels are larger than those under higher axial load. This
corresponds to the deflection. Therefore, they concluded the specimens under higher axial
load exhibit a tendency to the bond splitting failure and the specimens under lower axial load
exhibit a tendency to bending shear failure. Also, the specimens with lower tie ratio have the
tendency of failure in the end portions. Columns with smaller tie ratio are greatly affected by
these shear cracks and lose ductility after a few cycles of shear load in this stage. Columns
with rich tie reinforcement are not affected so much by these shear cracks and still keep
ductile behavior in regular loading cycles. On comparing the stress distributions in tensile
steels, for specimen’s bond, which is cut in the end portions, stress gradient in the middle
portion is larger and is smaller in the end portions than those for ordinary specimens. For
specimen’s bond, which is cut in the middle portion, stress gradient in the middle portion is
smaller and that in the end portions is larger. The effects for distribution of tie stresses by
bond conditions are not clear for the present analysis performed by them. It is concluded that
axial loading, tie ratio and bond conditions have significant effect on the critical deformation

of reinforced concrete short columns.




K. Galal et al. (2005) studied “Retrofit of RC square short columns”, they analysed the
performance of seven reinforced concrete short columns under lateral cyclic loading and
constant axial load. Carbon or glass fiber reinforced polymers were used to strengthen the
short columns. It is demonstrated experimentally that it is possible to strengthen the shear
resistance of short columns such that a flexural ductile failure occurs by developing plastic
hinges at both ends of the column. Anchoring of the fiber wraps to the columns was found to
be effective in increasing the shear resistance and energy dissipation capacities of the
columns. Low shear span/depth ratio makes a brittle column failure. Three layers of CFRP
are applied. The unstrenghtened columns failed in shear were rehabilitated and later exhibited
ductile behavior and enhanced shear resistance. The seven specimens had the same column
overall dimensions. The specimens were divided into two groups: Group 1 includes SC 1
which is unstrengthened, SC2, SC1R, SC2R and SC1U and are strengthened with high
content of transverse reinforcement. In Group 2 includes SC3 and SC3R has low content of
transverse reinforcement. The column SC2 was strengthened using 3 layers of CFRP. SC1R
included 4 layers of unidirectional glass FRP. SC1U was strengthened by 3 layers of CFRP
similar to specimen SC2 but without anchors. In Group 2 (SC 3 and SC3R) had low
transverse reinforcement ratio according to 1968 ACI design practice. SC3 was strengthened
using 3 layers of CFRP. SC3R was retrofitted using 6 and 3 layers that provided by the 3
CFRP layers of SC3. Using anchored carbon fiber sheets rather than anchored glass fiber
sheets for strengthening RC short columns increases both the shear force and the energy
dissipating capacity. It also decreases the strains in the steel ties and the FRP along the

column height.

M. Moretti and T.P. Tassios (2006) studied “Behavior of short columns subjected to cyclic
shear displacements: experimental results”, they studied eight reinforced concrete columns
subjected to constant axial load and reversed statically imposed displacement. The parameters
tested were ; (a) the shear ratio as (b) the amount of longitudinal reinforcement (c) the
amount of transverse reinforcement (d) the axial load ratio (e¢) two different main
reinforcement layouts (conventional and a combination of conventional and bi- diagonal
reinforcement from all the parameters above, they measured the strains of reinforcement
(longitudinal and transverse) and of concrete along inclined force paths. They concluded that
the columns with low shear ratio had a brittle failure and as a remedial measure bi- diagonal
reinforcement is provided in short columns for improved hysteresis behavior and energy

characteristics. Specimens with shear ratio as =1 failed in brittle manner along the main




diagonals. The longitudinal reinforcement did not yield at the max. shear force, Vimax, as is
usually the case of columns with as < 2, with the exception of specimen 2 (high axial load
ratio pu=.60) in which the longitudinal reinforcement yielded in compression. Specimens 7,8
with as = 2 and os = 3 failed relatively in more ductile manner despite the shear crack near
the end sections. Specimen 8, with as = 3 is characterized as normal ‘long’ column, because
as compared to other columns, the onset of cracking along the diagonals (V = Vq.) of
column with as =1 induced non-linearity in distribution of strains along the longitudinal
reinforcement, a fact which is not observed in specimen 8, they concluded that (a) the shear
strength is larger compared to longer but otherwise identical columns due to low shear value
also the mechanism of the diagonal concrete strut, is more activated compared to the truss
mechanism of force resistance, a fact which leads to increased diagonal cracking of concrete
and enhanced brittleness. Large bars and high percentage of longitudinal reinforcement ought

to be avoided. To some extent higher transverse reinforcement improves ductility.

A. Kheyroddin and A. Kargaran (2009) studied “seismic behavior of short columns in RC
structures”, they have studied the short column phenomenon on sloping ground and duplex
structures, storey floors with level difference relative to each other are made in two or
different height levels. In this research, at first, seismic behavior of short column
phenomenon is determined, then, nonlinear behavior of RC short columns in 4, 8 and 10
storey structures with storey level difference is investigated. Short columns and mentioned
structures are analysed under the earthquake record of Elcentro with different peak ground
acceleration with IDARC software which is nonlinear dynamic analysis program. In this
investigation, the results of maximum response, base shear, global damage index and
displacement time history and effect of short column in structural failure is evaluated. In this
research, seismic behavior of short column in 3 duplex structures has been surveyed that have
height level difference 1.6 meter. Plan of all 3 structures is same and have variable height and
include 4, 8 and 10 storey. In results of Elcentro earthquake the concluded that the seismic
degree damage of short column in floor building in all structures increase of structures height
especially in upper storeys damage index of short column has been increased. Out of all the
other storeys in 8 storey structures has the lowest failure in short column. The displacement
history of last short column in 4, 8 and 10 storey structures is more than first short column in
all structures by increasing PGA. Displacement time history of first and medium short
column in 4 storey structures and last short column in 10 storey Structures is high relative to

other structures. Investigation of Shear force history concluded that the average of shear force
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history in first short column in 4 storeys structure and medium short column in 8 storeys
structure and last short column in 10 storeys structures has the most amount than other
column. Damage index concluded that the part of last short column and down part of first
short column in 8 and 10 storeys structure has more damage.

Xuhong Zhou and Jiepeng Liu (2010) studied “Seismic behavior and strength of tubed steel
reinforced concrete SRC short columns”, they tested eight specimens subjected to combined
constant axial compression and lateral cyclic load. Out of which three were circular tube SRC
and three were square tube SRC and two common SRC columns were taken for comparison.
On comparison, they found that the steel prevented the shear failure of the concrete more
effectively in the circular columns from that in the square ones. They also mentioned that
shear connector studs should be used in CTSRC and STSRC short columns to prevent bond
failure between concrete and flanges of the steel section. Tubed SRC short columns exhibit
higher lateral load strength, displacement ductility, more stable hysteresis loops and greater
energy dissipation ability than common SRC short columns in respect of the effective

confinement of the thin tube to the core concrete.

Y. Singh et al. (2012) studied “Seismic behavior of buildings located on slopes- An
analytical study and observations from Sikkim earthquake of September 18, 20117, they
concluded the response of setback buildings at varying slopes. They have performed an
analytical study to investigate the peculiar seismic behavior of hill buildings. Dynamic
response of hill buildings is compared with that of regular buildings on flat ground in terms
of fundamental period of vibration, pattern of inter-storey drift, column shear, and plastic
hinge formation pattern. The seismic behavior of two typical configurations of hill buildings
is investigated using linear and non-linear time history analysis. The irregular variation of
stiffness and mass in vertical as well as horizontal directions held these buildings to
significant torsional response. Unequal height of columns within a storey, results in drastic
variation in stiffness of columns of the same storey. They have compared 4 types of
buildings, a 9 storey RC frame building with two different hill configurations as shown in
figure 2.6.

The building has 6 storeys below the road level and three storeys above the road
level. To compare the behavior with regular buildings, two regular buildings resting on flat
ground with 3 and 9 storeys and having the same plan considered. The first building named

‘Type S-I’ is stepping back at every floor level on a slope of about 45, up to six storeys and
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has three storeys above the road level. Second building named ‘Type S-II” is stepping back at
sixth floor level only and has three storeys above road level. The 9 and 3 storeyed regular
buildings on flat ground are labeled as ‘Type P-III” and ‘Type P-IV’. They have concluded
that due to irregularity of configurations, mass participation in fundamental mode in case of
buildings on slopes is much lower than the regular buildings. Also, it is observed that no
significant lateral displacement occurs below the sixth floor level (road level) in Type S-I
building, due to high rigidity of short columns.

The deflected shape of the Type S-lI building is similar to a vertical cantilever
propped at sixth floor level. In Type S-11 configuration, the columns in the bottom storey and
storeys immediately above and below the road level (sixth and seventh) storey are subjected
to maximum forces. In Type-S-I building, torsion is observed in all the storeys whereas in

Type S-11, torsion is observed in top three storeys only.

(@  TypeS- (b) Type S-lI

(c) Type P-11I (d) Type P-1V
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Figure 2.6: (a) Type S-1; (b) Type S-I1; (c) Type P-11I; (d) Type P-IV

They have said that, the behavior of hill buildings differs significantly from the regular
buildings on flat ground. The hill buildings are subjected to significant torsional effects under
cross- slope excitation. Under along-slope excitation, the varying heights of columns cause
stiffness irregularity, and the short columns resist almost the entire storey shear. The linear
and non- linear dynamic analysis shows that the storey at road level, in case of downbhill

buildings, is most susceptible to damage.

Dinesh J. Sabu and Dr. P.S. Pajgade (2012) studied “Seismic Evaluation of Existing
Reinforced concrete building and applied Response Spectrum analysis procedure”, for the
evaluation of existing design of a reinforced concrete bare frame, frame with infill and frame
with infill and has proved infill a better performance frame as the displacement of such frame
is less comparatively and has illustrated it from a bracing system in a frame. After performing
the analysis reinforcement required in each format is determined and retrofitting is suggested
accordingly. He gave concrete jacketing as a method of retrofitting. Analysis is done using
software STAAD Pro, it is concluded that the frame with infill gave much better result in
terms of maximum displacement of the building and stiffness. Also, if actual reinforcement is
more than reinforcement required in the brick infill and soil interaction effect than there is no

need to retrofit the actual section, it is sufficient to carry the seismic forces.

A.B.M.A Kaish et al. (2012) studied “Improved ferrocement jacketing for restrengthening of
square RC short column”, they have proposed improved techniques over conventional
jacketing . Three new square ferrocement jacketing techniques such as square jacketing with
single layer wire mesh and rounded column corners (RSL); square jacketing using single
layer wire mesh with shear keys at the center of each face of column (SKSL) and square
jacketing with single layer wire mesh and two extra layers mesh at each corner (SLTL) are
considered for this purpose. Test results and crack patterns tested specimens show that all
three improved square ferrocement jacketing. Confinement with the ferrocement encasement
improves the ultimate load carrying capacity and the axial and lateral deflections of square
RC column. Type SLTL jacketing shows highest load carrying capacity as well as good
ductility properties over all other improved types of jacketing as well as non- jacketed
specimens under concrete mode of loading whereas type RSL jacketing shows best

performance under eccentric mode of loading.
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Sandeep Vissamaneni (2014) studied “Determination of hill slope buildings damage due to
carthquake”, he concluded that during earthquake when buildings are subjected to earthquake
loads and lateral loads, they result in torsional response. A parametric study is carried out on
buildings considered, by using ground motion records for IDA (Incremental Dynamic
Analysis). The short column is stiffer compared to the tall column and it attracts large
earthquake force. Stiffness of a column means resistance to deformation, the larger is the
stiffness, larger is the force required to deform it. A study is carried out changing the position
of shear wall and varying column height of ground storey columns. By trial and error sizes
placing shear wall on flexible side (bottom of hill across slope direction) achieved balanced
stiffness of flexible side with rigid side to avoid torsion, or to make (Amax/Aavg minimum)
has studied at each storey of the models. By placing the shear wall at top of the hill or bottom
of the hill along the slope direction or providing by bracings reduce column forces that
resting on sloping ground. Remedies for such buildings are given i.e. by providing shear wall
and bracings in step back buildings on slopes as shown He has compared the dynamic
characteristics of hill buildings on slope and plane lots. The torsional response is due to
irregular variation of stiffness and mass in vertical as well as horizontal directions, results in
center of mass and center of stiffness of a storey not coinciding and not being on a vertical

line for different floors.

Majorly, due to unequal heights of columns which result in variation of stiffness. The
buildings having step back and set back step back studied for their behavior during
earthquake. The buildings were classified as Type S-I1 and Type S-1I. Type S- | building,
ground columns height varied from 1m to 3m also the shear wall is introduced to see the
change in readings as a remedy measure. In Type S-11 , again the shear wall position was
changed to various positions and results were noticed. In Type S-l1 building torsion is
observed in all the storeys, whereas in Type S-11 building torsion is observed in top three
storeys (above road level) only. He has said that by providing bracings, ground supported
columns in Type S-I building, and was relieved from excessive shear. However, the building
were relieved from excessive shear but could not be torsionally balanced. The various
positions plotted in the model are as follows to increase the strength and stiffness of the
particular building built on a sloping lot. Whereas increasing the height of ground supported
columns to 2.5 m and placing the shear wall on the downhill side of Type S-1 and Type S-11
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building resulted in torsionally balanced configuration and shear force in ground supported

columns reduced to reasonable level.as shown below:

L]

[mim]

L. = ()
(a)
Figure 2.1: Type S-1 building (a) 1 m long ground supported columns;

(b) Shear wall at bottom of hill along-slope direction

Figure 2.2: Type S-I building with bracing as a remedial measure on hill slope

Using the shear wall at full height of building also gives a good result in terms of stability of
building, showing lesser displacement and a good energy dissipation characteristic, overall

good behavior at slopes.
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Figure 2.3: Type S-11 configuration building (a) Shear wall at bottom of hill along-slope
direction; (b) Shear wall at down-hill end in cross-slope direction

Keyvan Ramin and Foroud Mehrabpour (2014) studied seismic performance of buildings
resting on sloping ground using STAAD Pro V8i. Also Sap2000 software had been used to
show displacement of floors is greater for a flat lot building than a sloping lot building.
Seismic behavior of buildings constructed on slopes. The chief role of this column is to
transfer the inertia force originated from earthquake to columns. The main part of these
forces is exerted on the short column since the stiffness varies from column to column. Thus,
the short column shows an enormous potential for serious damage by earthquake in the case
of an inappropriate design. Poor behavior of short columns is due to the fact that in an
earthquake, a tall column and short column of same cross section move horizontally by same
amount which can be seen from the figure below. The study of behavior of building on a
sloping ground (inclination say 7° and 15°) under earthquake forces. The comparison of
sloping ground and plane ground building is done . G+5 storey building is taken and same
load is applied. The response of the building frames is studied for useful interpretation of the

results.

V.Varalakshmi et al. (2014) studied “Analysis and Design of G+5 Residential building”,
which was constructed at Kukatpally, Hyderabad, India is designed (Slabs, Beams, Columns
and Footings) using Auto CAD software. The loads are calculated namely the dead loads,
which depend on unit weight of materials used (concrete, brick) and the live loads, which
according to the code IS: 456-2000 and HYSD BARS FE415 as per 1S: 1786 -1985. Safe
bearing capacity of the soil is adopted as 350 KN/m?at a depth of 6 ft. and same soil should
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extent 1.5 times the width of footing below the base of footing. Footings are designed based
on the safe bearing capacity of soil. For designing of columns and beams, it is necessary to
know the moments they are subjected to. For this purpose frame analysis is done by limit
state method. Designing of the slab depends upon whether it is a one-way or a two- way slab,
the end conditions and the loading. From the slabs, the loads are transferred to the beam.
Thereafter, the loads (mainly shear) from the beams are taken by the columns. Finally, the
section must be checked for all the floor components with regard to strength and

serviceability.

Hugo Rodrigues et al. (2015) studied “Seismic behavior of strengthened RC columns under
biaxial loading” and concluded that the performance of 9 strengthened columns including one
unstrengthened, it is kept original for the comparison of result. The column specimens were
subjected to several loading condition. Cyclic displacements were imposed at the top of the
column with steadily increasing displacement levels. The columns were retrofitted using
CFRP plates and steel plates bonded with epoxy resin, retrofitted results are comprised with
the original ones which were not retrofitted, in terms of shear drift, degradation, ductility and
energy dissipation and the adopted load paths were diagonal and diamond. The experimental
campaign was carried out on 9 RC columns with same geometries and reinforcement
subjected to similar biaxial horizontal displacement paths with equal constant axial load.
Their focus was on the influence of different strengthening strategies on the behavior of
columns under certain load conditions. They found that the initial stiffness was not
significantly affected. The strengthened columns present higher strength capacity of about
12% (in particular in columns under diamond biaxial horizontal load path). The strength
degradation in strengthened columns starts for higher levels of drift demand. The
strengthened columns tend to have lower levels of cumulative dissipated energy when
compared with the original solution for the same drift levels. This fact is related with the
concentration of damage in the base of columns. The columns submitted to the diamond
horizontal load path, and also with the CFRP strengthening show higher energy dissipation

capacity when compared with the diagonal load path.

Hugo Rodrigues et al. (2015) studied “Seismic rehabilitation of RC columns under biaxial
loading”, he has done an experimental characterization is done in order to improve the
ductility and / or strength characteristics and it was obtained through concrete ductility with

efficient jacketing or increasing the amount of longitudinal or transverse steel . The results
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are presented in terms of shear-drift, stiffness degradation, ductility and energy dissipation.
The retrofitted results are comprised with the original ones, in terms of shear drift,
degradation, ductility and energy dissipation. This campaign composed of 6 RC columns that
were tested under different loading histories, in order to evaluate the influence of the biaxial
loading in the cyclic response of the columns. After that, four of the tested columns were
repaired and submitted to different retrofit strategies in order to replace the original
characteristics, and mainly to provide the columns a good ductility capacity to respond well
under cyclic loads. The retrofit techniques used in the present work were: increasing the
number of stirrups, steel packet jacketing and carbon fiber reinforced polymer (CFRP) sheets
and plate jacketing. After the retrofit these columns were biaxial tested. The results are
presented in terms of shear- drift, shear drift envelopes, ductility, energy dissipation and
stiffness degradation and are compared with the results of the original one. The experimental
results on the column retrofitting show that the initial stiffness is typically lower and
softening starts for higher drift demands. Also retrofitted columns tend to have an increase of
the maximum strength around 20% maximum. The damage in original column is more

pronounced when compared to the retrofitted for the same drift demand.
Various steps involved in the comparison of horizontal forces

Step 1: selection of building geometry and seismic zone Chamba, Kullu, Kangra, Una,
Hamirpur, Mandi, and Bilaspur Districts lie in Zone V. The remaining districts of Lahual and
Spiti, Kinnaur, Shimla, Solan and Sirmaur lie in Zone 1V. So, let us take seismic zone IV as
per IS code 1893 (Part-1):2002 for which zone factor Z is .24.Step 2: Load combinations are
formed Types of Primary Loads and Load Combinations: The structural systems are
subjected to Primary Load Cases as per IS 875:1987 and IS 1893: 2002. Six Primary load
case and thirteen load combinations are used for analysis. Step 3: Modeling of building
frames using STAAD Pro Software .Step 4: Study of structural behavior in terms of bending
moments and horizontal footings, axial force and bending moments in columns. They
compared two four-storey reinforced concrete moment resisting frame (MRF) buildings with
medium deformability, one of which is located on a flat lot and the other one is on a lot
sloped by 20 degrees . Flexural frame for building on slope and plane ground is shown in

Figure 3, 4 shown in next page.
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Figure 2.4: Plans (along X- coordinate) of the studied structures.
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Figure 2.5: Frames of the studied structures (a) The flexural frame for the structure on flat lot

and (b) The flexural frame for the structure on sloping lot

Mahmoud F. Belal et al. (2015) studied “Behavior of reinforced concrete columns

strengthened by steel jacket”, he has performed an experimental and analytical method to

show the appropriate results, RC columns often need strengthening to increase their capacity

to sustain the applied load. This research investigates the behavior of 7 RC columns

strengthened using steel jacket having dimension of 200x200 mm in cross-section with

1200mm height, which also concludes that the L/d ratio is less than 12 so, are termed as short

columns. The specimens were divided into two groups: the first group includes two control

specimens without strengthening and second group includes five specimens strengthened
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with different steel jacket configurations. Vertical steel elements (angles, channel and plates)
were chosen to have the same total horizontal cross sectional area. The specimens were
placed in the testing machine between the jack head and the steel frame. The strain gauges,
load cell and linear voltage displacement transducer (LVDT) were all connected to the data
acquisition system attached to the computer. The load was monitored by a load cell of 5000
kN capacity and transmitted to the reinforced concrete column through steel plates to provide
uniform bearing surfaces. Behavior and failure load of the strengthened columns were
experimentally investigated on seven specimens divided into two un-strengthened specimen
and five strengthened ones. A finite element model was developed to study the behavior of
these columns. The model was verified and tuned using the experimental results. The
research demonstrated that the different strengthening schemes have a major impact on the
column capacity. The size of the batten plates had significant effect on the failure load for
specimens strengthened with angles, whereas the number of batten plates was more effective
for specimens strengthened with C- channels. Then by using finite element (F.E) package
ANSYS 12.0 their behavior was investigated analyzed and verified. Experimental results
stated that modes of failure and failure loads varied depending on the configuration of steel
jacket as well as its arrangement. Because the strengthening elements covered most of
specimen, it was not possible to observe either the initial cracks or the cracking load for
specimens. So, only failure load was recorded. Failure load is considered the maximum
recorded load during testing and at which specimen could not carry any extra load. The
results showed 20% of the minimum increase in the column capacity, also the failure turned
from brittle to ductile with steel jacket. Specimens strengthened with angles or channel
sections with batten plates recorded a higher failure load than that with strengthened plates.
And the simulation of strengthened RC columns using F.E analysis in ANSYS 12.0 program
is quite well since mode of failure, failure loads and displacements predicted were very close
to those measured during experimental testing, for strengthened models, F.E package ANSYS

12.0 overestimated failure loads compared to experimental results.

Vinay Mohan Agrawal and Arun C (2015) studied “comparative study on fundamental
period of RC framed building”, they concluded it is difficult to quantify the irregularity in a
setback building with any single parameter such as overall building height. Fundamental
period of all the selected building models were estimated and Empirical equations given in
the design codes and the results were critically analysed. The fundamental time period is

calculated as per given in available design codes for earthquake resistant building including
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IS 1893:2002, ASCE 7:2010, Euro code 8 or New Zealand code of practice, recommends an
empirical formula for the determination of Fundamental time period of building. The
following formulas were checked and the results were calculated and the comparison of
fundamental period of setback buildings with that obtained from equation based on IS
1893:2002 was carried out and is presented, it stated that empirical formula in IS Code
provides the lower- bound of the fundamental periods obtained from Modal Analysis and
Raleigh method. Therefore, IS 1893:2002 always gives conservative estimates of
fundamental period of setback buildings with 6 to 30 storeys. It was also concluded that the
Raleigh method underestimates the fundamental periods of setback buildings slightly which
is also conservative for the selected buildings. ASCE 7:2010 does not consider the height of
the building but it considers only the number of storeys of the building and this approach is
most conservative among other code equations. This study indicates that there is very poor
correlation between fundamental periods of three dimensional buildings with any of the

parameters used to define the setback irregularity by the previous studies or design codes.

Vrushali S. Kalsait and Dr. Valsson Varghese (2015) studied “Design of earthquake
resistant multistoried building on a sloping ground”, The purpose of their paper was to
perform linear static analysis of medium height RC buildings and investigate the changes in
structural behavior due to consideration of sloping ground. They have studied the buildings at
varying slopes and countered their behavior in terms of mode shapes, fundamental time of
vibration, lateral displacements, moments in column and axial shear force. The response of
G+15storey building at varying slopes of (f, 7.5, 15, 22 was studied and as per his
conclusions made from STAAD Pro V8i, the displacement of building resting on sloping
ground have more lateral displacement compared to the buildings on plain ground, the critical
axial force in columns increases as slope increases. He found that critical bending moments
increased on 22 slope than 7.5 slope and 15 slope ground. The calculated frequency decreases
as slope of ground increases whereas time period increases as slope of ground increases.
Also, the steel quantity on sloping ground is more than on plain ground for same cross
section of column and beam, thus, it is concluded that cross section required more steel on

sloping ground to make earthquake resistant structures.

2.2 SUMMARY OF LITERATURE REVIEW

Various software such as ETABS, STAAD Pro, ANSYS 12.0, SAP2000 are used for the

analysis of combination of loads on which column would fail. The shear wall and cross
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bracings can be effective if used in a step back or step back set back buildings for better
performance of a building in hilly areas having short column. For a better performance of a
short column various parameters such as shear ratio a, energy dissipating property, ductility,
shear resistance has to be checked and various preventive measures should be applied to
repair and retrofitting of existing structures. Short columns can be made safe at the time of
new construction and can be retrofitted in existing buildings by means of FRP, new
ferrocement jacketing techniques. Cost effective measures can also be understood from the
papers read so far. Short column with higher shear ratio value has high energy dissipation
capacity and more ductile failure when subjected to cyclic displacements. To some extent
higher transverse reinforcement improves ductility. More layers of FRP composites applied
on a column with proper anchorage bars improves the strain and minor cracking also leading
to a flexural ductile failure. CFRP gives more lateral force capacity and high strain bearing
capacity as compared to the GFRP. The CFRP strengthened columns present higher strength
capacity of about 12% (in particular in columns under diamond biaxial horizontal load path).
The strength degradation in strengthened columns starts for higher levels of drift demand. For
columns rehabilitation with CFRP, The experimental results on the column retrofitting show
that the initial stiffness is typically lower and softening starts for higher drift demands. Also
retrofitted columns tend to have an increase of the maximum strength around 20% maximum.

The damage in original column is more pronounced when compared to the retrofitted
for the same drift demand. Seismic behavior of short column in 3 duplex structures has been
surveyed that have height level difference 1.6 meter. Plan of all 3 structures is same and have
variable height and include 4, 8 and 10 storey using earthquake record of Elcentro with
different peak ground acceleration with IDARC software which is nonlinear dynamic
analysis program. Comparison of two four-storey reinforced concrete moment resisting frame
(MRF) buildings with medium deformability, one of which is located on a flat lot and the
other one is on a lot sloped by 20 degrees. The RC columns strengthened with steel jacket
results showed 20% of the minimum increase in the column capacity, also the failure turned
from brittle to ductile with steel jacket. Specimens strengthened with angles or channel
sections with batten plates recorded a higher failure load than that with strengthened plates.
The behavior of hill buildings differs significantly from the regular buildings on flat ground.
The hill buildings are subjected to significant torsional effects under cross- slope excitation.
Under along-slope excitation, the varying heights of columns cause stiffness irregularity, and

the short columns resist almost the entire storey shear. The linear and non- linear dynamic
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analysis shows that the storey at road level, in case of downhill buildings, is most susceptible
to damage. . The buildings with same maximum height and same maximum width may have
different period depending on the amount of irregularity present in the setback buildings. The
variation of the fundamental periods due to variation in irregularity is found to be more for
taller buildings and comparatively less for shorter buildings. This observation is valid for the
periods calculated from both modal analysis and Raleigh method are quite smaller.
Comparison results for (G+15) building is done for different slope and same soil condition on
varying slopes of (0, 7.5, 15, 22 concluded that the displacement of building resting on sloping
ground have more lateral displacement compared to the buildings on plain ground, the critical
axial force in columns increases as slope increases. He found that critical bending moments
increased on 22 slope than 7.5 slope and 15 slope ground. The calculated frequency decreases
as slope of ground increases whereas time period increases as slope of ground increases.
Also, the steel quantity on sloping ground is more than on plain ground for same cross
section of column and beam, thus, it is concluded that cross section required more steel on
sloping ground to make earthquake resistant structures. It is also concluded from the literature
that axial loading, tie ratio and bond conditions have significant effect on the critical

deformation of reinforced concrete short columns.
2.3 RESEARCH GAP

In prior study research based on the effect of short column in a building and various
prevention factors are discussed. The main point of interest draws upon these factors, the
various prevention methods adopted can be compared and it can be found that which among
them is cost effective. Moreover, study of failure loads can make it easy for engineers to
design a short column loading and thus the whole building components. Despite the
increasing attention is given to various prevention methods mainly FRP, there could be other
retrofitting criterions which may be more cost effective and also the prevention can be taken
at time of construction itself. Also, ferrocement jacketing is also found to be an easy,
effective and cost effective method in improving the condition of a degraded column. The
scope of the study is mainly to reveal the effect of short column on the whole behavior of the

buildings.
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CHAPTER -3

RESEARCH METHODOLOGY

3.1 WORK PLAN AND METHODS USED

WORK PLAN

LITERATURE
REVIEW

METHODOLOGY

PLAN OF
BUILDING

MODELING OF
[ STRUCTURE STAAD PRO

AUTO CADD

ANALYSIS STAAD PRO

AND DESIGN MS EXCEL

Figure 3.1: Work Plan and methods used
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3.2 PLAN OF BUILDINGS

3.2.1 Plan on AUTO CAD

12.0000

8.0000

Figure 3.2: Plan for both the structures

(a) Front view

(b) Side view

Figure 3.3: (a) Front view and (b) Side view of building resting on Plain
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4m

(@) Front view (b)Side View

Figure 3.4: (a) Front view and (b) Side view of building resting on sloping ground

3.2.2 STAAD Pro. V8i Reports

Figure 3.5 Model of RC frame on sloping ground
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Figure 3.6:

Model of RC frame on plain ground
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_Figure 3.7: Position of nodes in both the buildings (a) building on sloping ground and

(a) building on plain ground
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3.2.3 Design sheets on MS-Excel

3.2.3.1 Design of a two-way continous slab

Room measuring =  (4X4)m  from inside breadth of slab= 1000 mm
Live load = 1.5 KN/m? (from 1S 875 part Il)
Use M30 and Fed15 steel .

Design constants and limiting depth of N.A

fck = 30 N/mm? 4m 4m

fy = 415 N/mm? < S¢ >
for Fe 415, xu,max/d=  0.479107

Ru = 4.143066

Zm
Computation of Loading and Bending moment
From deflection point of view , L/d = 20 for simply supported slab
26 for continous supported slab Zm

taking, L/d = 23
Let pt be .2 % for under-reinforced section,
Meodification factor, from Fig. 4 of 1S - 456:2000 1.68 Load distribution in a square slab

L/d = 38.64

d = 103.5197 mm Area of shaded region = 1/2 (b x h)
nominal cover = 20 mm

dia = 8 mm

D = 127.5197 mm
However, this panel is a two way slab (and that too a square one), a slightly lower value of d may be assumed
Taking, D = 150 mm for the purpose of calculating the self wt.
Therefore D0 = 0.15m
1. Selfwt. = 3750 N/m?
2. Floorfinish = 1470 N/m? (for floor finish of 100mm thickness in IS: 875 Part | Table 2)
3. Lliveload = 1.5 KN/m? 1500 N/mm? m
Total load = 6720 N/m?
Hence, Wu = 10080 N/m?
Taking an effective d of s 150 mm, 0.15m

ly = 4m
Ix = 4m
Hence, r = ly/Ix 1
«¢ = 0.035 Table 26 IS 456: 2000
a = 0.035 Two adjacent edges discontinous
Mux = 5644.8 N-m
Muy = 5644.8 N-m &
For short span width of middle strip = 3m . ,%'; ?5 'ﬂ"i ! ! ; e IE
width of edge strip = 05m M h.{ Sl : “f{t: A‘s 5. 'r _. ,,
p,d ::’C&,—. I’jf&““!“*d"ﬁ’ iy ﬁ.- ¥

For long span, width of middle strip = 3m
width of edge strip = 05m
Computation of effective depth and total depth
d = (Mu,max/Ru,b)*

d = 36.91164 mm
However, from deflection point of view, provide D= 150 mm
provided, d = 126 mm
for shorter span, d= 118 mm

Computation of steel reinforcement

Since d provided is more then d required from B.M, we have an under-reinforced section for which,
Ast,B =  125.8844 mm?
spacing,S=  399.0964 mm
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Hence, provide 8mm diabars @  399.0964 mm

Bend half the bars up at a distance = 0.15Ix
600 mm

from the centre of the support, or at a distance of 680 mm from the edge of the slab

(assuming a bearing of 160 mm on the wall)

¢/c for the middle strip of width Im

Available length of the bars at the top = 460 mm

from the centre of the support, assuming bending of bars at 45 degrees. The length more than 0.1 Ix,
400 mm required by the code.

Hence, length of top bars from the edge of slab = 540 mm.

Edge strip is of length = 0.6 m

Reinforcement in the edge strip, 1.2 x D= 180 mm?

Hence, spacing of 8 mm ¢ bars, s= 279.1111 mmc/c
Computation of reinforcement for long span

Ast,y = 134.6878 mm’

using, 8 mm ¢ bars, s = 373.0107 mm

Hence provide 8 mm ¢ bars, spacing 373.0107 mm ¢/c in the middle

strip up at a distance of .15ly =
from the centre of the support or
Available length of bars of top =
Ast, = 180 mm*2
giving rise to spacing,s =

600 mm
680 mm from the edge of the slab.
460 mm from edge of strip

279.1111 mmc/c

— 5 8mm©300mmc/c
& mm ¢ 300 mm ¢/c
1m
b.
P_.? ]
[ N ]

Check for Shear and development length in short span
SFatlongedges=  (Wu*lx*r)/(2+r) where, r = Ix/Ir

So, S.F = 13440 N
Therefore, nominal shear stress at long edges, 0.106667
At the long edges the dia of bars shoud be so restricted that the following requirements .

HiFi

is satisfied : 1.3*Mul/Vu + Loz Ld Im

Astl at support of short span 279.1111 mm?

Xu = 9.3308395 mm
M1lu = 12306243 N-mm
Vu = 13440 N
d = 376 mm
Assuming support width is = 160 mm
and a side cover of, x' 20 mm
Providing no hooks, Lo =1s/2 -x'
Lo= 60 mm

comparing the results, 1250.336 2 376
Hence, code requirements are satisfied.

Also, the code requires that the positive reinforcement should extent into
the support atleast by Ld/3

Hence, minimum support width = Ld/3 + x' = 145.3333 mm
In, our case the support width is 160 mm
Check for shear and development length in long span
S.F atshortedges = (1/3 Wu lx), 13440 N
Mominal shear stress = 0.113898 (safe)

Ast = 180 mm’

Xu = 6.0175 mm

Mlu = 7506016 N-mm

Vu = 13440 N

Lo = 60 mm

Ld = 376 mm

comparing, 786.0284 = 376

So, code requirements are satisfied

N

4M
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Torsional reinforcements at corners:

Size of torsional mesh, Lx/5 0.8 m

from the centre of support or 0.88 m from the edge of the slab
Area of torsional reinforcement, = 3/4 of Astx

Ast, T= 94.413286 mmA2

Spacing of dia 8 mm baris, s = 532.1285 mm

DESIGN OF TWO WAY CONTINOUS SLAB

Room measuring = (4x4)m  from inside breadth of slab= 1000 mm
Live load = 1.5 KN/m? (from 15 875 part 11}
Use M20 and Fed15 steel . simply supported on all four edges

Design constants and limiting depth of N.A

fck = 30 N/mm? 4m 4m
fy = 415 N/mm? < >< >
for Fe 415, xu,max/d= 0.4791075
Ru = 4.1430657
2m
Computation of Loading and Bending moment 4m
From deflection point of view, L/d = 20 for simply supported slab
26 for continous supported slab 2m
taking, L/d = 23
Let pt be .2 % for under-reinforced section,
Modification factor, from Fig. 4 of IS - 456:2000 1.68 Load distribution in a square slab
L/d = 38.64
d = 129.39959 mm Area of shaded region = 1/2 (bx h)
nominal cover = 20 mm
dia = 8 mm
D = 153.39959 mm
However, this panel is a two way slab (and that too a square one), a slightly lower value of d may be assumed
Taking, D = 150 mm for the purpose of calculating the self wt.
Therefore D = 0.15m
1. Selfwt. = 3750 N/m?
2. Floor finish = 1470 N/m? (for floor finish of 100mm thickness in IS: 875 Part 1)
3. Liveload = 1.5 KN/m* 1500 N/mm* m
Total load = 6720 N/m?
Hence, Wu = 10080 N/m?
Taking an effective d of = 150 mm, 0.15m
ly = 4m
Ix = 4m
Hence, r = ly/Ix 1
a = 0.037 Table 26 1S 456: 2000
o = 0.037 One long edge discontinous
Mux = 5967.36 N-m
Muy = 5967.36 N-m
For short span width of middle strip = 3m
width of edge strip = 0.5m
For long span, width of middle strip = 3m
width of edge strip = 0.5m

Computation of effective depth and total depth

d = (Mu,max/Ru,b)*

d = 37.951611 mm
However, from deflection point of view, provide D= 150 mm
provided, d = 126 mm
for shorter span, d= 118 mm

30



Computation of steel reinforcement

Since d provided is more then d required from B.M, we have an under-reinforced section for which,
Ast,B = 133.18604 mm?
spacing,S= 377.21672 mm

Hence, provide 8mm dia bars @  377.2167 mm ¢/c for the middle strip of width 3Im
Bend half the bars up at a distance = 0.151x

600 mm
from the centre of the support, or at a distance of 680 mm from the edge of the slab
(assuming a bearing of 160 mm on the wall)
Available length of the bars at the top = 460 mm
from the centre of the support, assuming bending of bars at 45 degrees. The length more than 0.1 Ix,

400 mm required by the code.

Hence, length of top bars from the edge of slab = 540 mm.
Edge strip is of length = 06m

Reinforcement in the edge strip, 1.2 x D= 180 mm?

Hence, spacing of 8 mm g bars, s= 279.1111 mm¢/c

Computation of reinforcement for long span
Ast,y = 142.51719 mmA2

e

using, 8 mmgbars, s = 352.5189 mm —> 8mm® 300 mm c/c
Hence provide 8 mm bars, spacing  352.5189 mm c/c in the middle & mm ¢ 300 mm c/c
strip up at a distance of .15ly = 600 mm
from the centre of the support or 680 mm from the edge of the slab. 1m
Available length of bars of top = 460 mm from edge of strip (4
Ast, = 180 mm*2 . - 1
giving rise to spacing, s = 279.1111 mm¢/c _._._.E—._'TP.:... e 0
rd
Check for Shear and development length in short span B
SFatlongedges=  (Wu*lx*r)/(2+r) where, r = Ix/Ir
So, S.F = 13440 N
Therefore, nominal shear stress at long edges, 0.106667
At the long edges the dia of bars shoud be so restricted that the following requirements
is satisfied : 1.3*Mul/Vu + Lo Ld T m
Ast1 at support of short span 279.1111 mm?
Xu = 9.33084 mm
Mlu= 12306243 N-mm
Vu = 13440 N
ld = 376 mm
Assuming support width is = 160 mm
and a side cover of, ¥’ 20 mm
Providing no hooks, Lo =1s/2 -x'
lo= 60 mm
comparing the results, 1250.336 2 376

Hence, code requirements are satisfied.
Also, the code requires that the positive reinforcement should extent into
the support atleast by Ld/3
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Hence, minimum support width =Ld/3 +x' =

In, our case the support width is

145.3333 mm

160 mm

Check for shear and development length in long span

S.F at short edges = (1/3 Wulx),
Nominal shear stress =

Ast = 180 mm?
Xu = 6.0175 mm
Milu = 7506016.3 N-mm
Vu = 13440

Lo = 60 mm
Ld = 376 mm

comparing, 786.02837 2

13440 N

0.113898 (safe)

376

So, code requirements are satisfied

Torsional reinforcements at corners:
Size of torsional mesh, Lx/5
from the centre of support or

0.8 m

Area of torsional reinforcement, = 3/4 of Astx

Ast, T= 99.88953 mm”2

Spacing of dia

3.2.3.2  Design of continous beam
Live Load on beam = 80.64 KN

fek = 30 N/mm’
fy = 415 N/mm?
Span = 4m

no. of spans = 2

cover to tension steel= 50 mm

Cross- sectional dimensions
As the continous beam supports heavy loads,
the span/ depth ratio is assumed to be

effectivedepth,d=  span/10
d = 400 mm
Taking, d s 400 mm
D = 450 mm
b = 300 mm
Loads
Self weight of beam= 4.5 KN
Live load = 20.16 KN

Beanding moments and shear forces

8 mm baris, s =

inmm =

0.88 m from the edge of the slab

502.9556 mm
A A
l ? |
} }
| : I
| | |
| | |
| | / |
4000 I | I
| | |
| | |
| | |
t | t
| |
10 Vv 4m \I/ %
15456 ¢ 2000
Tnble 12 Bending Mament Cocflickents
[Classe 2 8.1)
Type of Lasd fpes Mosents Soppart Momeoly
New Miile ArMiddle A Sipgert 1 Osber
o Exd Spm of trzrice Next w e Inerise
dzan End Sappert Swports
i 12 &) 0} ")
Ded 'oad and imposrd L i 4] 1
Josd (e i 0 i) 7]
Trepuned Joud (el 3 -l_ 1 |
finedy w B 3 %

NUTE = For ebraning Ve beriong momnd, e coelcomb sl be wadiiplied by the intal deaign boad and olTestve spas.

Reffering to the bending moment and shear force coefficients

(Table 12 & 13) Using IS 456:2000

Table 13 Shear for Coeflicients
(Clmater 28} oed 7203)
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Negative bending moment at interior support
Mu (-ve| = 43.04 KN-m

Positive bending moment at centre of span

Mu (+ve) : 38.256 KN-m
also, positive bending moment at middle of interior span
Mu (+ve) = 31.38 KN-m

Maximum shear force at the support section is given by

Tyedlmd  AEMd At St Nt 1o B AUAN Othie
et Frd Soppert Intra Sopprs
Gk faner i

in t:] (H] 8 ih
Theud bl end improscd. 114 it [EL] ns
ol !
Impveal lzad (ren 048 is n# 11
Ty

NUITE - Fur ubleinong e slzar (e the colMicienl shall be mdiplied by the ok design bead

Tuble 19 Design Sheer Sirength of Controts, ¢, Nmm'

Vu = 59.184 KN (Claindi A0 11, 4022, 403, 04,4013, 4112, 4103 @ A1)
m-:l‘ Crmmrrm e
Limiting moment of resistance Hi M3 ot % MY Mdbwdden
) LY o ] L] M L] m
Mujllm = 198.72 KN-m Kl o [ [t am [t T
. . P ; [ H1] (11 (5] (5] an ar i
Since, Mu < Mu,lim, the section is under- reinfarced e o, = e s b o
an B (1Y an CL] oW (1]
(3] (11 (1] 4 e aan ol
Main Reinforcement 15 T ) am an an N
2 (R ] B an o nm om LE ]
Ast = 309.18898 mm L at on an T i1 '™
. 1 H°Y 8H (1] LT LU Ll LL
Therefore, using 4 bars of dia o v - s - poce e
- 2 1% ol (1] i (1] Gl [T}
ASt - 314 mm m [ 3] (1] L] fidd A (1]
at supports, for positive bending bending moment the area of steel requircy e an om ot oo ow 10
abuee

Now, for positive bending moments, the area of steel required,

At = 273659611 mm’
Hence, provide 4 bars of dia

Shear Reinforcement
0.4932 N/mm’

pt (%) = 0.2616667
Refer to Table 19 of IS 456:2000

T, =

For M30

i

0.376064
Since, T, > T,
shear reinforcements need to be designed

MOTE TR A o ote of Dol udingl iBaainn few Torermdnl o bich ook et o oul ond £ vt TR 63 00 15 cariion
b cvmmdered ga o o e St i bl @ of ok A o aen may b ued provided ile deaibig conlores o ML
sid LY

10 mm on the tension face at mid span

When tv > t¢, min. shear reinforcement in the form of stirrups shall be provided,

Ve = 14.05632

Using, 8 mm dia 2 legged stirrups, the spacing near support,
Sv = 3 mm

which is greater to, 300 mm

50, provide 300 mm spacing between the stirrups
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Check for deflection control

Pt (%) = 0.2616667 \\\ [
1
Fig., 4 at page 38, in IS 456:2000 e \ +
N = .
Modification factor = 124 5 2] 2N . fa h"ﬂic.
y . ] B
Neclecting hanging bars, K¢ = 1 H l2i%0
= . -
Kf = 1 g o Tgs
(L/d)max = 32.24 !
¥ | L
(L/d)actual = 10 o Note 1y 15 STEEL STRESS OF SEAVCE.
LOADS N Njme?
10< 3224 : N
11
[) ¢ o8 5] 0] T N30
PEACENTADE TENSION AEMIOACEMENT
Fro. 4 Moowscanos Facrum ron Teeses Reseuscoser
"
4 8 mm bars, 300 mm ¢/c spacing
Reinforcement details 4 bars of 10 dia bars
A | A A
. Y 1
T : : - ! :
i 5 i Dl et
v ! [} ' X .
| _ !
i !
! : !
I ! :
¥ 1 Jr
" y I
a4m
4 bars of 10 mm dia

3.2.3.3 Design of long columns subjected to combined axial load and biaxial bending moment

P, = 285.5 KN

Iy = |ev 4m

b = 300 mm

D = 450 mm
Concrete grade,fck= 30 N/mm?
fy = 415 N/mm?
lex/d = 13.33333 > 12 mm

hence, long column

e, = D/2000 (lex/D)"2
17.77778 mm

e, = 0039506

e = 0.088889

Calculation of addition moments

M, = P.e 3.383704 KN-m
M, = P.e 11.42 KN-m
Assuming a trial percentage of 2%

A 135000 mm"2

g =

from chart 63 of SP- 16

4000 mm

300 mm

450 mm
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P./A =

uz g

19.5

P = 2632500 N 2632.5 KN

Calculation of P,

Assuming 25 mm dia bars with 40 mm clear cover

cover = 40 mm

dia = 25 mm

effective cover = 52.5 mm
(d'/D), .. = 0.175
chart or table for d'/D =

(d'/D), s = 0.116667
chart or table for d'/D =

from Table 60 of SP- 16 (page- 171)

I:Pb:lx-a)(i; =kl +k2 *(pffck}

0.15 will be used

0.1 will be used

k1 = 0.184
k2 = 0.203
P, 800010 N 80.001 KN
For d'/d 0.15, fy = 415 N/mm? with steel equally distributed on all four sides
(Po), s - 800010 N 80.001 KN
kx = 0.919491
ky = 0.919491

Reduction of additional moments

The modified values moments are calculated after multiplying the additional moments by

coefficients calculated above
M'ax Max *kx
M'ay May *ky

Design of column  (short column)

column ht = 1.2 m

b= 300 mm

D= 300 mm

Ag= 90000 mm~*2

Total load on 1beam 181.53 KN

Pu= 734.12 kN

Pu = 0.4*fck*Ac+.67 *fy*As

Ac = Ag-As

As = 1192.484 mm~"2

emin= 12.4 <

Min. area of longitudinal reinforcement =
810 mm~2

Hence , As = 1192.484 mm~"2

No. of 20 mm bars  3.79771992

3.11128529 KN-m
10.5005879 KN-m

fck =
fy =

30 N/mmn2
415 N/mmA2

Pu =Slab wt. + Beam wt.

slab wt= 161.28 KN
Beam load: 20.25 KN
Total load= 181.53 KN
20 mm
0.9 %
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Therefore provide,

As = 1256 mm”*2

Using ,

1. Least lateral tie dimension =
160 mm

300 mm

Design of uni-axial bending on column
b = 300 mm
D = 450 mm fek =
carry ultimate load = 141.12 KN
effective height = 4m

4000 mm

23 mm

30 N/mm*
wt. fromslab =
wt. from beam =
Total load =

e =

B60.48 KN
80.64 KN
141.12 KN
Assuming effective cover of = 50 mm
e . 18 <20 mm
ey = 23 > 20 mm
Calculating Pu/fck*b*D = 0.03484444
Mu=Pue 3.24576 KN-m
Calculating Muffck*b*D? = 1.7809€-06
Reffering chart 32 (for fy 415,d'/D = 0111111
piick = 0022
p B 0.66 %
Calculating Asc
Asc = p*bb/100
Asc = 891 mm’
Using 4-25 mm dia bars and 2-30mm dia bars
Asc = 3375.5 mm"2

300 mm

Design of lateral ties

Dia of ties = & mm

pitchofties = 400 mm »
Hence, provide 6 mm ties @ 250 mm ¢/c

300 mm

3.2.3.4 Design of footing (isolated)
Isolated rectangular footing of uniform thickness for R.C column
Design a rectangular isolated footing of uniform thickness for R.C. column bearing a vertical load of

The safe bearing capacity of soil may be taken as 116.69 kN/m?

Use M 20 concrete
Fe 415 steel
Design constants: for fy = 415
fck = 20
X 0.479107 R, = 2.762044
d
Size of footing: W = 942,008 kN
Let W be equal to 10% W = 94,2008 KN
A = 8880014 mm?
letratioof BtoL=  0.666667
0.666667 *L*L =  8.880014
& = 1332002 m
L = 364966 m
B = 2433107 m
However, provide footing size 2m X im
Net upward pressure p, = 157.0013 kN/m?

4 number of bars

8 mm dia ties, spacing is least of the following:
300 mm

Column

leff/d =
hence, a long column

Long column
effective length/least lateral dimension »12

1333333 =12

942,008 KN & having a basr size of b=

2-25 mm dia bars

2- 30 mm dia bars

300 mm & d=

36

450 mm



Design of section:

(a) Design on the basis of bending compression
Bending moment M1 about section X-X
M, =p,B(L-a)*/2  kN-m
M, =  2.55E+08 N-mm
M,,=  3.83E+08 N-mm
Bending moment M, about section Y-Y is given by
M, = p,L(B-b)*x10° N-mm
1.7E4+08 N-mm
M,, = 2.55E+08 N-mm
Thus, M,, < M,
d= 263.2554 mm Provide effective cover = 75 mm
D= 338.2554
Provide uniform thickness for the entire footing
(b)  Depth on the basis of one way shear
V =p0B(L/2-a/2-d)
Vu = 15V
Assuming under reinforced section, withp = 03 %
weget, T, = 0.384 N/mm?  (from IS 456 : 2000) for M 20 concrete
Also, k= 1 for D= 338.255351 mm
Therefore, permissible shear stress = 0.384 N/mm? rvrversesnsensseans (1)
equating equation (i) and (ii)
d = 470.6322 mm
(c)  Check for two way shear action
For the two way shear action or punching shear action along ABCD
perimenter ABCD = 2¥((a+d)+(b+d))
= 3.382529 m = 3382.529 mm
Area ABCD = 0.709469 mm?
Punching shear = 1245.931 kN
T, = 0.782656 N/mm’
Allowable shear stress t_
T = 1.118034 N/mm’
Ks = (0.5+Rc)
ks = 1.166667 N/mm?
However, adopt max. ks = 1
kr, = 1118034 N/mm’
This is more then T, 0.782656 let dia be d= 12 mm
Hence, safe
Thus, te effective depth d, = 470.6321821 mm 0.K
Keeping D = 5516322
using effective cover = 75 mm
depth,d = 476.6321821 mm in one direction
d = 464.6321821 mm in other direction, with 12 mm &
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Design for reinforcement
Since actual d provided is more then that required for bending compression , we have an under - reinforced section,

Hence, area Ast, of long bars calculated for BM M,

Astl = 2378907 mm?
Hence, no. of 16 mmbars= 11.83771643
These are to be distributed uniformly in a width of B
effective depth for top layer of reinforcement, d2
The area Ast, of short bars, calculated for M, ,

Ast, = 1558.323 mm’

The area is to be provided in two distinct band of width B = 2m
Ast 2 (B) =(2* Ast2)/(R+1)
1246.658
No. of 16 diabars= 6.203515347
This number of bars are to be provided in central band width = 2m

2m
464.6322 mm

Remaining area in each end band strip = 155.8323 mm?
No. of 16 dia bars = 0.775439418
However, provide minimum 3 bars in each end band of width = 05m

Check for development length
Ld = 47¢
= 752 mm
providing 75 mm side cover
length available= 812.5 mm
which is greater then Ld, Hence 0.K

Check for transfer of load at the base
A,= 135000 mm?
At a rate of spread of 2:1
Al = 7022500
Therefore, under-root of A /A, = 7.212386465 > 2

Adopt max value of (A /A,)*.5 as 2

Therefore, permissible bearing stress = 18 N/mm?

Actual bearing stress = 10.46676 N/mm?
Hence, 0.K
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CHAPTER -4

DATA ANALYSIS

4.1 ANALYSIS

The following observations were made as a result of analysis done on software STAAD Pro

for static analysis.

4.1.1 Maximum bending moments and shear forces in each floor in building on sloping

ground

Table 4.1: Maximum Bending moments on each floor in building on Sloping ground

FLOOR BENDING MOMENT (M z) kN-m FLOOR
WISE ( SLOPING GROUND)
GROUND FLOOR 87.347
FIRST FLOOR 93.973
SECOND FLOOR 87.347
THIRD FLOOR 77.357
FOURTH FLOOR 90.374
TOP FLOOR 38.757
122 87.347 397 87.347 HERES @ Ground floor
Zg 77.357
- 80 .
P W First floor
= 70 ]
qg 60 [ ] OSecond floor
£ 50 [ ] 38.757
£ % O DOhird floor
S 30 —|
20 | B Fourth floor
10 —
0 Floor B Top floor
Bending moment on each floor in kN-m in building at slope

Figure 4.1:_ Maximum Bending moments on each floor in building on Sloping ground
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Table 4.2: Maximum Shear force on each floor in building on Sloping ground

FLOOR SHEAR FORCE (kN)
GROUND FLOOR 77.337

FIRST FLOOR 79.183

SECOND FLOOR 103.245

THIRD FLOOR 100.140

FOURTH FLOOR 97.867

TOP FLOOR 94.693

120

103.245  190.14 97.876  94.693

100

80

77.337

60

Shear force in kN

40

20

79.183

rioors

Shear force in kN on each floor in building at sloping ground

OGround floor
B First floor
OSecond floor
OThird floor
B Fourth floor

DOTop floor

Figure 4.2:_ Maximum Bending moments on each floor in building on Sloping ground

4.1.2 Maximum bending moments and shear forces in each floor in building on Plain

ground

Table 4.3: Maximum Bending moments on each floor in building on Plain ground

FLOOR BENDING MOMENT (M z) kN-m FLOOR WISE
(PLAIN GROUND)
GROUND FLOOR 85.556
FIRST FLOOR 90.278
SECOND FLOOR 80.809
THIRD FLOOR 74.469
FOURTH FLOOR 96.813
TOP FLOOR 38.119
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Floors

120
Zg 100 B Ground floor
E M@ First floor
€ 80
g OSecond floor
§° 60
E OThird floor
& 40 H Q o | =
n o "g - B Fourth floor
7 ] A -
20 H o X ]
o0 (5] DOTop floor
0
Figure 4.3: Maximum Bending moments on each floor in building on Plain ground
Table 4.4: Maximum Shear force on each floor in building on Plain ground
FLOOR SHEAR FORCE (kN)
GROUND FLOOR 77.454
FIRST FLOOR 77.134
SECOND FLOOR 96.486
THIRD FLOOR 104.150
FOURTH FLOOR 101.091
TOP FLOOR 80.033
120
100
Maximum Shear force in 80
kN 60 - 0O Maximum Shear
force in each floor
40 +— E——
20 — —
0

Ground floor First floor Second floor Third floor Fourth floor Top floor

Floors

Figure 4.4: Maximum Shear force at various floors in building at plain
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4.1.3 Maximum axial forces in columns from top to bottom

Table 4.5: Maximum axial forces in columns from top to bottom

COLUMN AT | AXIAL COLUMN AT | AXIAL MANUALLY
SLOPING FORCE (kN) | PLANE FORCE CALCULATED
GROUND GROUND (KN) AXIAL FORCES
(kN)
TOP 60.141 TOP 60 58.08
FIRST 174.705 FIRST 173.54 159.38
SECOND 287.839 SECOND 285.39 260.685
BASE (SHORT | 460.779 BASE (LONG | 461.82 463.29
COLUMN) COLUMN)
500
450 A
= 400 I —&— Axial force in column floor wise in
= 350 = building at sloping ground
g 300 /i./
8 250 -
T)_\: 200 ~ Axial force in column floor wise in
< 150 /./ - building at plane ground
100
50 r—
0 Manually calculated load in columns of
TOP FIRST SECOND BASE both the buildings

Floors

Figure 4.5: Maximum axial forces in columns from top to bottom

The axial forces in column from top to bottom were observed to be almost same to that
calculated manually. Also, the axial force in columns of the building at slope is more in
comparison to the building columns at plain ground as shown in Figure 4.5. This is the force
calculated under static condition of load combination of 1.5 (D.L+L.L).

The moment and shear force in beam element 13 is seen to be almost same for both the
buildings at slope and at plain, thus we can see from the figure 4.7, 4.8, 4.9 and 4.10 that the
change in moment and shear forces in top element of building is almost alike. Therefore, the
changes are to be noticed for the lower building elements for various parameters discussed

above.
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Figure 4.6: Bending moment and shear force diagram Beam 13 (at top) (a) building at
sloping ground; (b) building at plain ground (c) building element 13

Mz{kNm)

26.4 30

20
10

20
I:?:-III

Figure 4.7: Bending Moment in beam 13 (top external) in building at sloping ground

Fy(kMN)

20 3388

Figure 4.8: Shear force diagram of beam 13 (top external) in building at slope
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Figure 4.9: Bending moment diagram for beam 13 in building at plain
Fy[KN])
€0 1 a8 0 a0
40 - 40
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a0 40.8Lq,

Figure 4.10: Shear force diagram for beam 13 in building at plain

4.1.4 Results and Discussion for response spectrum analysis

The models which were analyzed under static response were found to be safe against the Live
loads and dead load criterion after that Response spectrum analysis is done for the same
buildings and results in terms of shear forces, bending moment, displacements and torsion are

taken out as shown below and compared.

4.1.4.1 Bending moment variation after application of dynamic load

The supports 73, 74, 75, 76 are the supports of short column of length 0.6 m in building at
slope, which are exposed to maximum bending moments as compare to any other column in
the same floor. Supports 77, 78, 79 and 80 are the supports of short column of length 2.3 m in
building at slope, and have exposed to the moments which are almost equal or lesser then the
moments at the base of long columns in building at flat ground. The positions of the columns

are as shown in figure 4.11.
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84

81 82

73 74 76

Long columns of length 4 m
- Short columns of length 1.23 m
Short columns of length 0.60 m

Figure 4.11: Position of columns in building at flat ground and sloping ground with

specified lengths of short and long columns

Table 4.6: Bending moments at the base of long and short columns in building at flat and

sloping ground

Supports | Bending Moment | Bending Moment Bending Moment Mz Bending

Mz in kNm (Slope) in kNm (Plain) Moment Mz in
(EUY) kNm (Slope)
Static Loading Dynamic
73 -5.601 -8.532 161.643 219.022
74 0.043 0.440 182.784 242.583
75 -0.042 0.440 182.784 242.582
76 -5.600 8.532 161.642 219.023

-12.593 -14.134 393.074 237.518

-0.882 -0.767 115.220 54.441

0.882 0.767 115.220 54.441

-12.208 0.077 393.074 237.518

45



81 -5.601 -5.523 161.588 155.466
82 0.043 0.077 182.735 174.559
83 0.042 -0.077 182.735 174.559
84 5.600 5.523 161.589 155.466

4.1.4.2 Axial force variation in Long and short columns subjected to same forces

The increased dynamic load is found to be more on the columns above the supports 73 and 76

which are the shortest heighted columns in the building with biaxial loading can be seen from

figure 4.11 and thus will require good detailing work.

Table 4.7: Axial force in columns at static and dynamic loading conditions in building at flat

ground and sloping ground.

T

Axial force in kN

Axial force in kN

=1249 .341

(Slope) (Slope)
Static loading | Static loading Dynamic loading Dynamic loading
73 616.273 601.796 616.273 + 236.732 = | 601.796 + 269.270 =
853.005 871.066
74 1041.9 1040.318 10419 + 36. 049 = | 1040.318 + 26.016 =
1077.949 1066.334
75 1041.903 1040.314 1041.314 + 36.090 = | 1041.903 + 25.921 =
1077.404 1067.824
76 616.270 601.793 616.270 + 236.733 = | 601.793 + 269.197 =
853.003 870.99
1007.239 1013.434 1007.239 + 242.134 = | 1013.434 + 226.977
1249.373 =1240.411
1463.672 1460.678 1463.672 + 71.121 = | 1460.678 + 71.915 =
1534.793 1532.593
1463.6 1460.672 1463.6 + 71.126 =|1460.672 +71.126 =
1534.726 1531.798
1007.2 1013.429 1007.2 + 242.141 | 1013.429 + 227.048

=1240.477
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853.074

81 616.273 626.891 616.273 + 236.799 = | 626.891 + 194.134 =
853.072 821.025

82 1041.9 1050.688 10419 + 36.112 =] 1050 + 44918 =
1078.012 1094.918

83 1041.903 1050.684 1041.903 + 36.075 = | 1050.684 + 44.918 =
1077.978 1095.602

84 616.27 626.88 616.27 + 236.804 = |616.88 + 194.218 =

811.098

4.1.4.3 Mode shapes

When a system is excited, to describe the response of the system mode shapes are used. A

pattern of motion in which all parts of the system move sinusoidally with the same frequency.

Calculating the natural frequencies and mode shapes means calculating the linear response of

structures to dynamic loading and is called modal analysis. In modal analysis, the response of

the structure is decomposed into several vibration modes. A mode is defined by its frequency

and shape. The frequency is found to be more in building models at slope for various mode

shapes and the time period is inverse to the condition as shown in table 4.8 and 4.9.

+ Mode shapes for the building on slope

Made Shape 2 izl

Mode Shape 3
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(d)

Load 2 : Mode Shape d Ex

(€)

Load 2 FlodeSIlal)eﬁ’7Z

Load 1 Mode Shape 6

(f)

Figure 4.12: (a) Mode shape 1 ;(b) Mode shape 2; (c) Mode shape 3; (d) Mode shape 4 ; (e)
Mode shape 5 ; (f) Mode shape 6 for model at slope

Table 4.8: The frequency in Hertz (Hz) and time period in seconds in detail for building on
sloping ground

Frequency Period Participation ¥ | Participation ¥ | Participation £
Mode
Hz seconds % Y %o

1 1.137 0.879 79784 0.000 0.000
2 1.227 0.815 0.000 0.000 76.036
3 1.606 0.623 0.653 0.000 0.000
4 3.528 0.233 10.445 0.000 0.000
5 3.890 0.257 0.000 0.000 11.005
6 4 965 0.201 0.010 0.000 0.000

+ Mode shapes of building resting on plain ground.

Lozl 2 Mode Shape 1 sz

(b)

Load 7 : Mode Shape Z

Load 7: Mode Shape 3
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Load 2 ModeShapelE 10307 Mode 5“@”@ Load 1 Mode Shape §
(d) ©) (f)

Figure 4.13: (a) Mode shape 1; (b) Mode shape 2; (c) Mode shape 3; (d) Mode shape 4; (e)
Mode shape 5; (f) Mode shape 6 for model at plain

7

Table 4.9: The frequency in Hertz (Hz) and time period in seconds in detail for building on
plain ground

R Hz seconds % % %

Frequency Period Participation X | Participation Y | Participation £

R LA b | R3] Pl | =

+ Results in terms of torsion experienced by a selected beam and a column of both the
buildings
4.1.4.4 Torsion in beam and column elements of both the buildings on plain and on
sloping ground
Torsion is defined to be twisting or wrenching of some element, and it can lead to a much
catastrophic failure of a beam or a column. Therefore, the torsion has to be examined in both
the elements namely, beam and columns. The torsion in short column has maximum value as

shown in figure 4.18.
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Figure 4.14: Torsion effect in a beam element 73 in both the buildings

Table 4.10: Torsion and moment results for the beam element 73 in building at slope

Axial Force | Shear-Y Shear-£ Torsion Moment-Y | Moment-Z
Beam Lic Hode kN KN kN KNm KNm kNm
73 2 55 2.037 63,739 18.539 5172 33.366 124 404
T3 56 -E.IJET§ -EE.TEE?; -1E-.E-3E?§ -E-.*ITE; -40.7H -129.9&25
Table 4.11: Torsion and moment results for the beam element 73 in building at Plain
Axial Force| Shear-Y Shear-Z Torsion | Moment-Y | Moment-Z
Beam || SLC gode KN KN kN KNm KNm KNm
73 Z 55 14.361 | 79.263 | 3.397 | 0.040 : 6014 145337
73 56 -14.361 -TE‘!.EE-E-; -3.39?; -0.040 -1576 17171
0.04, 1%

T
>

O Torsin in kNm in beam 73 in building on sloping ground building

B Torsion in kNm in beam 73 in building at plane ground

Figure 4.15: Torsion in beam 73 of building at slope and plane ground
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Figure 4.16: Torsion effect in a beam element 73

<+ Torsion in the column elements 51, of both buildings at plain and slope are shown
below:

\“[\:: :”/y
\i ;7
1
famimY
A
i L
(b)

Figure 4.17: (a) Torsion effect in a long column element 51in building on plain ground,;
(b) Torsion effect in a short column element 51 in building at sloping ground

Table 4.12: Column 51 Torsion and moment results for column (long column) element 51 in
building at plain

Axial Force | Shear-Y Shear-Z Torsion | Moment-Y | Moment-Z

Beam|  LIC Node kN kN kN kNm kNm kNm
51 2 29 241614 106.747 0.005 0.004 0.015 194 038
51 2 Fii 241 514 -106.747 -0.005 -0.004 -0.013 -393.074
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Table 4.13: Column 51Torsion and moment results for column (short column) element 51 in

building at slope

Beam Lic lode Axial Force | Shear-Y Shear-Z Torzion | Moment-Y | Moment-Z
kN kN kN kNm kNm kNm
51 2 29 221874 83.506 16.023 25212 147594 18.380
| 51| 2 Il 2ET4E 838060 -6023F 52120 46321 -300.318
0.001, 0%

Figure 4.18: Graph showing torsion in column element 51, in building at slope (short

25.212,
1009

@ Torsion in kNm in column 51 in building on slope

B Torsion in kNm in column 51 in building at plane

column) and building at plain (long column)

4.1.4.5 Displacement in top and bottom nodes of both the buildings

o
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Figure 4.19: (a) Top Nodes 69, 70, 71, 72 in building at slope; (b) Bottom nodes 53,54,55,56
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Table 4.14: Displacement of the nodes 69,70,71,72 in building at slope

Node LiC H-Trans ¥-Trans Z-Trans Absolute
marm marm marm mrm
2= RN D A L e . ke
- 2 e ) e — S
- 2 e e — - L
- N W e e i DD LB
Table 4.15: Displacement of the nodes 69,70,71,72 in building at plain
Node LiC K-Trans Y-Trans Z-Trans Absolute
mm mrm mirm mm
T2 2 118,444 0823 0.003 11&8.447
59 2 118444 0.828 0.013 118.447
71 2 118 443 0.110 0.003 118443
70 2 118.443 0.110 0005 118.443
69.2
69.0
£ 68.8 | DOdisplacement in building nodes at
£ slope in mm
£ 68.6 —
€
% 68.4 —
‘_E_ 68.2 B displacement in building nodes at
2 68.0 +— plain in mm
67.8
at at at at
node node node node
69 70 71 72
DOdisplacement in I_ouilding nodes at 69.005 69.005 69.005 69.005
slope in mm
B displacement i" Pu"di"g nodes at 68.272 68.272 68.274 68.274
plainin mm
Nodes

Figure 4.20: Displacement of nodes 69, 70, 71, 72 of building at slope and plain ground

Table 4.16: Displacement of the bottom nodes 53, 54, 55, 56 in building at slope

X-Trans | Y-Trans | Z-Trans | Absolute | X-Rotan | Y-Rotan | Z-Rotan
Node LC
mm mm mm mm rad rad rad
53 2 5.630 0.145 2660 6.228 0.001 0.001 0.003
54 2 5.632 0.010 0.663 5671 0.000 0.001 0.002
55 2 5.632 | 0.010 0.664 5671 0.000 0.001 0.002 "
56 2 5.630 0.145 2663 6.229 0.001 | 0.001 0.003 |
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Table 4.17: Displacement of the bottom nodes 53,54,55,56 in building at plain

Node LiC K-Trans Y-Trans Z-Trans Absolute
mim mim mim mim
5 2 44 903 0.0&0 0004 44 903
S 2 | it N D Do et T
o 2 | iatee o N D1 D it )
53 2 44 283 0.402 0.005 44 585
35
30
E 25 Odisplacement at nodes in building at
.E 20 slope in mm
3
g 15
g' 10 B displacement in nodes in building at
5 plain
0
atnode | atnode | atnode | atnode
53 54 55 56
DOdisplacement at nod::r:‘n building at slope in 5.63 5.632 5.632 5.63
Bdisplacement in nodes in building at plain 29.046 29.058 29.058 29.046
nodes

Figure 4.21: Displacement of nodes 53, 54, 55, 56 of building at slope and plain ground
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Figure 4.22: (a) Top Nodes 69, 70, 71, 72 in building at plain; (b) Bottom nodes 53,54,55,56

in building at plain
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4.1.4.6 Base shear calculated by STAAD Pro V8i

Base shear is an estimate of the maximum expected lateral force that will occur due to
seismic ground motion at the base of the structure. Base shear and mass participation factors
in percent for both the buildings at plain and slope are shown below. The total design lateral

force or design seismic base shear V, along any principal direction is determined by the

STAAD.

and 90.896 for the building at slope. Seismic weight has been achieved using the first three
mode shapes. As per clause 7.8.4.2 in IS 1893, the number of modes to be used in the
analysis should be such that the sum of total of modal masses of all modes considered as 90%

of total seismic mass. The summation has come to be about 90% in STAAD Pro V8i, hence

we can conclude that clause 7.8.4.2 has been satisfied.

T I TRy

PARTICIPATICN FACTORS IN PERCENT

X

S50.61
0.00
0.00
7.18
0.00
0.00

[ D e R s R s [

.00
.00
.00
.00
.00
.00

Q.00
ga.07
0.00
0.00
8.67
0.00

STUMM—X

S0.
S0.
S0.
57.
37.
S7.

610
610
610
795
795
755

STUMM—-Y

0.000
0.000
0.000
0.000
0.000
0.000

TCTAT, SRSS

SUMM—-2

0.000
88.0659
88.0659
§8.065%
56.735
96.735

SHEALR

TOTAL, 10PCT SHELR

TCTAT, ABS
TCOTAT, CSM

SHELR
SHELR

BASE SHEARER IN EN

Participation factor Summ-X on 6™ mode is calculated to be 98.528 for building at plain

625.80
0.00
0.00

103.27
0.00
0.00

634.27
634.27
729.08
729.08
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TIME PERICD FCR X 1893 LOARDING =
SA/G PER 1893=
FLCTOR W

2.500,

PER 1853=

0.46470 SEC

LOAD FACTOR= 1.000

0.0975 X

T47T.T2

e
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For building at plain the base shear is calculated as 729.0777
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MRSS PARTICIPATICN FACTORS IN PERCENT BASE SHELRE IN EN

MODE X T & STUMM—3 SUMM—Y SUMM— 2 X T

1 78.13 0.00 0.00 78.1324 0.000 0.000 630.67 0.00

2 0.00 0.00 73.89 78.134 o.o000 73.854 o.o00 0.00

3 0.46 0.00 o.00 78.5%92 o.000 73.854 .11 o.o00

4 11.30 0.00 0.00 89.889 0.000 73.854 126.00 0.00

=3 o.00 0.00 11.28 85.885 o.000 85.274 o.00 o.o00

G 0.05 0.00 0.00 89.941 0.000 85.274 .59 0.00
TOTATL SRSS SHEALR 6432.15 o.00
TOTAT 10PCT SHELR 6432.15 o.00
TCTAT AEBS SHEAR Te2.3¢6 0.00
ToOTAT CSM SHEAR 756.659 o.00

whe whe whe e b ke whe e dle wbe wbe e e dhe dhe e e Wb e e e e e e e e e ke e e b e e e e e e e e e ke ke ke ke e e e e ke ke ke ke e e e e ke

e e

* TIME PERICD FCR X 1853 LCADING = 0.4c470 SEC

* SL/5 PER 18%3= 2.5300, LCAD FACTCR= 1.000

w FLOTCR W PER 1853= 0.0275 X T760.97 w

e e

e e e e e Wb Wb whe b ke ke e wbe Wb Wb Wb b ke ke ke Wle Wb Wb Wb ke ke ke ke Wle Wb Wb e ke ke ke ke Wb Wb Wb b ke ke ke ke W Wb Wb b ke ke ke ke Wb Wb Wb b ke

For building at slope the base shear is calculated as 756.6945

4.2 SHEAR WALL

Shear wall is a reinforced concrete (RC) vertical plate-like RC wall, in addition to slabs,
beams and columns. These walls generally start at foundation level and are continuous
throughout the building height. The thickness of the wall can vary from as low as 150 mm or
as high as 400 mm in high rise buildings. Shear walls are usually provided along both length
and width of buildings. These carry earthquake loads downwards to the foundation. Also,
shear walls in buildings must be symmetrically located in plan to reduce ill-effects of twist in

buildings. Details used for shear wall, for various panels is as follows:

PANEL. HNO. 1 OF SHEARWALL O DESIGN PER IS 456-2000
WIDTH : 4. .00 M FC = 30.00 MPA
HETGHT = 4. .00 M FY = 415.00 MPL
THICENESS : 230.00 MM CCNC. COVER @ 25.000 MMM
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Table 4.18: Frequency of 6 mode shapes, when the shear wall is positioned at middle

Frequency Period Participation X | Participation ¥ | Participation £
Mode
Hz seconds %a %a %a

1 1.23F 0.309 0.000 0.000 71.808
2 3.288 0.304 51.418 0.000 0.000
3 3.955 0.253 0.000 0.000 11.784
4 4133 0.242 17.204 0.000 0.000
5 7280 0.137 0.000 0.000 6 067
6 7413 0.135 9638 0.000 0.000

<+ When the position of shear walls is revised and built at corner, the mode shapes
obtained for the building is as below:
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Figure 4.25: (a) Mode shape 1; (b) Mode shape 2; (c) Mode shape 3; (d) Mode shape 4; (e)

Mode shape 5; (f) Mode shape 6 for model at slope with shear wall position symmetrically at

corners
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Table 4.19: Frequency of 6 mode shapes, when the shear wall is positioned at the corner in
building at slope

Frequency Period Participation X | Participation ¥ | Participation Z

- TIE Hz seconds *a *a %

C|an o | Lo pd] =

4+ Mode shapes of building model at flat ground as below with different shear wall
positions

Shear wall at four sides is designed for the building at plain but it was not possible to be

designed for the building at slope, since the shear wall has to be designed from the

foundation of the building to the top floor and the panels has to be rectangular throughout.

In case of building at slope the bottom panel is possibly not coming rectangular due to

slope. Therefore, the response after application of shear walls on all four sides at different

bays symmetrically was checked for the building at plain only in terms of mode shapes.

g, l-ﬂi

7

2

T, ‘
v,
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Figure 4.26: (a) Mode shape 1; (b) Mode shape 2; (c) Mode shape 3; (d) Mode shape 4; (e)
Mode shape 5; (f) Mode shape 6 for model at plain with shear wall position symmetrically at

4 sides
Table 4.20: Frequency and period of vibration of building at plain with shear wall at all four

sides placed symmetrically
Mode Freguemncy Pericd Participation X | Participation % | Participation Z

1

2
3
4
5
L5

+ Mode shapes of building resting at plain with shear walls placed at middle panel as

shown below

S y
o,
A“‘i'!—r___

7
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Load 2 : Mode Shape 4: [ Load 2 : Mode Shape 5:

(d) (€) (f)

Figure 4.27: (a) Mode shape 1; (b) Mode shape 2; (c) Mode shape 3; (d) Mode shape 4; (e)
Mode shape 5; (f) Mode shape 6 for model at plain with shear wall position symmetrically at
center

Load 2 : Mode Shape 6 :

Table 4.21: Frequency and period of vibration of building at plain with shear wall placed
symmetrically at center

Mod Fregquency Period Participation X | Participation ¥ | Participation £

R G e [ G f Pl | =

<+ Mode shapes of building resting at plain with shear walls placed at corner
symmetrically as shown below

2 : Mode Shape 1

Load 2 : Mode Shape 3 : Dis

(@) (b) (©)
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Mode Shape 6

Mode Shape 4

Mode Shape 5

(d) (€) (f)

Figure 4.28: (a) Mode shape 1; (b) Mode shape 2; (c) Mode shape 3; (d) Mode shape 4; (e)
Mode shape 5; (f) Mode shape 6 for model at plain with shear wall position symmetrically at
corners

Table 4.22: Frequency and period of vibration of building at plain with shear wall placed
symmetrically at corners

Frequency Period Participation X | Participation Y | Participation £
Mode
Hz seconds e o 5o

1 0.763 1.310 0.000 0.000 85 432
2 2248 0.445 ¢ 0.000 0.000 0.021
3 2447 0.409 | 73.591 0.027 0.000
4 2485 0.402 | 0.000 0.000 8.092
3 4855 0215 0.000 0.000 2201
6 5.005 0.200 : 0.000 0.000 0.045

Studying the behavior of building through chart representation, the overall changes in
frequency and mass participation of the building with no shear wall and with shear wall,

placed symmetrically at center and at corners.

The mode shapes has calculated the period of vibration and the frequency of vibration which
are related in inverse terms. The graphical representation in figures 4.29 and 4.30 gives an
overall view of frequency in Hz and time period in seconds showing the responses with shear
wall and without shear wall in buildings at slope and at plain. Also, it can be seen that the
frequency increases as the slope increases and period of vibration decreases as the slope

increases [12].
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+ Frequency in Hz

Frequncy in Hz

OFRNWAUIONO®

Mode Mode Mode Mode Mode Mode

1

2

3

4

Modes 1to 6

5

6

O No shear wall, Plain

@ No shear wall, Slope

0O Shear wall at corner, Plain
O Shear wall at corner, Slope
B Shear wall at middle, Plain
O Shear wall at middle, slope
B Shear wall on all four sides,

plain

0O Shear wall on all four sides,
slope

Figure 4.29: Frequency in Hz for various mode shapes of building at plain and slope (with

and without shear walls)

+ Time period in seconds

Time period in seconds

°© 9o 9 =oe
B oo 0o »r N B

o
o N

LTl

Model Mode2 Mode3 Mode4 Mode5 Modeb6

Modes 1to 6

O No shear wall, Plain

B No shear wall, slope

OShear wall at corner, Plain

B Shear wall at corner, Slope

O Shear wall at middle, Plain

@ Shear wall at middle, Slope

O Shear wall on all four sides, Plain

W Shear wall on all four sides, slope

Figure 4.30: Time period in seconds for various mode shapes of building at plain and slope

(with and without shear walls)
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4.2.2 Torsion effect on beam and column after application of shear walls at different

position

4.2.2.1 Torsion effect in beam element 73, after the addition of shear walls

symmetrically at various positions in building at plain and slope
+ AtPlain

Table 4.23: Torsion in beam 73 when shear wall is provided at 2 sides (corner)

symmetrically in building resting at plain

Ream LiC Node Axial Force| Shear-Y Shear-Z Tarsion | Moment-Y | Moment-Z
kH kH kN kNm kHm kHm
73 2 56 5123 -1.420 3812 -1.085 -8.403 5523
73 | 2 55 6123 | 1420 3812 1.055 | 6.846 | 0.155 |

Table 4.24: Torsion in beam 73 when shear wall is provided at 4 sides symmetrically in

building resting at plain

Beam LiC Node Axial Force| Shear-Y Shear-Z Torzsion | Moment-Y | Moment-Z
kN kN kH kHm kHNm kNm

73 2 55 22525 16.668 | 67181 0629 10895 33.950

73 2 55 -22525 ¢ -16.668 £7181 0629 -15.981 32722

Table 4.25: Torsion in beam 73 when shear wall is provided at two sides (middle)

symmetrically in building resting at plain

Beam LiC Node Axial Force|  Shear-Y Shear-Z Torzion | Moment-Y | Moment-Z
kN kN kN kNm kNm kNm
| | =2 | s | B44B: 11474 2829 : 0.316 : 4834 24150
[ 73 | 2 | 5| 84480 11474 2829 -0.316 6431 21745
+ Atslope

Table 4.26: Torsion in beam 73 when shear wall is provided at 2 sides (corner)

symmetrically in building resting at slope

Beam ‘ Lic ‘ Node Axial Force | Shear-Y ‘ Shear-Z \ Torsion Moment-Y | Moment-Z
kN kN kN kNm kNm kNm
73 2 55 1959 1.150 38851 5.062 i 6.583 1285
73 2 o8 -19%: 14500  -3885  GO062i  -B961i  -3.3641
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Table 4.27: Torsion in beam 73 when shear wall is provided at 2 sides (middle)

symmetrically in building resting at slope

Beam L Node Axial Force| Shear-Y Shear- Torsion | Moment-Y | Moment-Z
kN kN kH kNm kNm kNm
73 P ] 10434 7158 L.ord 3616 10.071 14.156
13 E 56 -10.434 -1.158 5874 -3616 -13.4497 -14 476

Table 4.28: Torsion in beam 73 when no shear wall is provided in building resting at slope

Ream LiC Node Axial Force| Shear-Y Shear-Z Torsion | Moment-Y | Moment-Z
kN kN kN kNm kNm kNm
73 2 55 2037 63.739 : 18.539 ¢ 5172 33.366 124.004
73 P 56 -2.037 £3.739 -18.539 -5.172 -40.791 -129.862

Torsion in beam is comparatively bearable as compare to that in columns, therefore, it can be

seen in table 4.28 that the torsion is 5.172 kN-m when no shear wall was used whereas this

torsion has reduced to be 3.616 kN-m when shear wall is placed at the middle position and is

more effective than the corner position of shear wall. Maximum torsion is found in beam

element of building at slope and is compared in the figure 4.31.

Torsion in kNm
O B N W A~ U1l O

Torsion in beam element 73 at slope and at plain

Obeam 73 (Plain)

DO beam 73 (slope)

]

1

torsion in building

torsion in building

torsion in building

element, with shear wall element, with shear wall element with shear wall
symmetrically at corner symmetrically at middle symmetrically at 4 sides

torsion in building
element, when no shear
wall is provided

Figure 4.31: Torsion in building element 73, for both the buildings at plain and at slope

(with and without shear walls)
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4.2.2.2 Torsion effect in column element 51, after the addition of shear walls

symmetrically at various positions in building at plain and slope

+ At Plain

Table 4.29: Torsion in column element 51 when shear wall is provided at 2 sides (corner)

symmetrically in building resting at plain

Beam LiC Node Axial Force Shear-Y Shear-Z Torsion Moment-Y | Moment-Z
kN kN kN kNm kNm kNm

51 2 29 62.074 5.835 0.002 0.000 0.005 0543

51 2 77 52074 5835 0.002 -0.000 0004 22550

Table 4.30: Torsion in column element 51 when shear wall is provided at 2 sides (middle)

symmetrically in building resting at plain

Beam L Node Axial Force | Shear-Y Shear-Z Torsion Moment-Y | Moment-Z
kN kN kN kNm kNm kNm
51 2 29 71674 £.095 0.002 0.000 0.005 10.864
a1 2 T -71.674 -5.095 -0.002 -0.000 -0.005 -22 660 |
Table 4.31: Torsion in column element 51 when shear wall is provided at 4 sides
symmetrically in building resting at plain
Beam LiC Node Axial Force | Shear-Y Shear-Z Torsion Moment-Y | Moment-Z
kN kN kN kNm kNm kNm
51 2 29 66.264 5.358 0.110 0.153 0.170 9.696
| 51 | 2 77 56,264 5,358 ; -0.110 ; 0.153 -0.433:  -19.988

Table 4.32: Torsion in column element 51 when no shear wall is provided in building resting

at plain
Beam Lic Node Axial Force| Shear-Y Shear-Z Torsion Moment-Y | Moment-Z
kH kN kN kHm kHm kNm
51 2 25 241614 106.747 0.005 0.004 0.015 154,033
51 | 2 T 241614 -1 I]E».T4T§ -III.EIEIE-§ -EI.[I[I4§ -EI.III13§ -393.074

At plain the maximum torsion effect in building element (beam) is found to be reduced the
most when shear wall is placed at middle of the frame (exterior). The exact values for torsion
are given in table 4.29, 4.30, 4.31 and 4.32 with different criterion for shear wall positions

and without shear wall.
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+ Atslope

Table 4.33: Torsion in column element 51 when no shear wall is provided in building resting

at slope
Beam LiC Node Axial Force| Shear-Y Shear-Z Torsion | Moment-Y | Moment-Z
kN kN kN kNm kim kNm
5 2 29 2218741 83808 16023 252120 14734 18380
| 0| 2 | 7 | -2218714 83806 -16.023] 252120 46352 300318

Table 4.34: Torsion in column 51 when shear wall is provided at 2 sides (corner)

symmetrically in building resting at slope

Beam LiC Node Axial Force |  Shear-Y Shear-Z Torzsion | Moment-Y | Moment-Z
kN kN kN kNm kNm kHm
51 | 2 | 20 43915 8.450 T.206 2M7 10639 7516
] | 2 | 7 | 43915 -2.450 -7.208 2.7 -16.704 -25.182

Table 4.35: Torsion in column 51 when shear wall is provided at 2 sides (middle)

symmetrically in building resting at slope

Beam Lic Node Axial Force| Shear-Y Shear-Z Torzion | Moment-Y | Moment-Z
kN kN kN kNm kNm kNm
21 2 29 41974 16.472 1.274 5.636 2.108 13.380
s | 2 | 1 | 41974 64720 7274 583 28876 52877
Torsion in column element 51 with and without shear wall in building at plain and slope
£ 30
< 25 Ocolumn 51, plain
s 20
§ 15 O column 51, slope
£ 10
I2 5 1
> — 1

torsion in building torsion in building torsion in building
element, with shear element, with shear element, with shear
wall symmetrically at wall symmetrically at wall symmetrically at
corner middle 4 sides

torsion in building
element, with no
shear wall

Figure 4.32: Torsion in building element 51, for both the buildings at plain and at slope (with

and without shear walls
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4.2.3 Displacement at specific nodes of building at plain and slope with and without

shear walls

+ Displacement of top nodes of building at plain

Table 4.36: Displacement at nodes 69, 70, 71 and 72 when shear wall is provided at 2 sides

(corner) symmetrically in building resting at plain

X-Trans Y-Trans Z-Tran=s Ab=zolute
Node L/C
Imim mim mim mim
g 2 28821 0283 0015 . 28822
70 2 28802 ¢ 0.259 0.004 28 804
[ 2 | 28756 . 31800 0.013: 28833
2 2 | 28I55 0 3338 0.023: 28.948

Table 4.37: Displacement at nodes 69, 70, 71 and 72 when shear wall is provided at 2 sides

(middle) symmetrically in building resting at plain

K-Trans Y-Trans F-Trans Abs=zolute
Node LiC
mim mim mim mim
639 R 264938 . 0.546 : 0.015: . 26.9448
72 R 28838 0.245: o.o18 . 26.944
o 2 o 28828 3004 0 0.003: 27.083
Fik| 2 26928 3.004 0.003 27095

Table 4.38: Displacement at nodes 69, 70, 71 and 72 when shear wall is provided at 4 sides

symmetrically in building resting at plain

Node Lic X-Trans Y-Trans Z-Trans Abzolute
mim T T mim
69 2 | 24085 0.085: raer 24.095
e 2 | 24085: o.o85: 1aer 24.095
7o LR 24055 2ee1. 0.403: . 24.205
71 2 24 055 2661 i 0.403 24 205
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Table 4.39: Displacement at nodes 69, 70, 71 and 72 when no shear wall is in building

resting at plain

X-Trans ¥Y-Trans Z-Trans Absolute
Node LiC
mirm mim mim mim
= = P Lt S ST R S
e R P oo e T 0.013; 118447
- 2 .’!..’!.?*..f‘.*f‘.*.% .................... 0110 0.003; 118443
[ 2 118.443 | 0.110 ¢ 0.005 118.443 :
Displacements in specific nodes, with and without shear wall in building at plain
140
£ 120 — — — O Displacement, no shear wall
g 100 @ Displacement, shear wall corner
£ 80 |
£ 0O Displacement, shear wall middle
§ 60
_._3' 40 1 ODisplacement, shear wall at 4
e sides
20
0

node 69

node 70

node 71

node 72

Figure 4.33: Displacement of nodes 69, 70, 71 and 72, with and without shear wall in

building at plain

+ Displacement of top nodes in building at slope

Table 4.40: Displacement at nodes 69, 70, 71 and 72 when shear wall is provided at 2 sides

(corner) symmetrically in building resting at slope

K-Tran= Y-Trans Z-Trans Ab=zolute
Hode LiC
mimi gty gty gty
59 2 20.261 0. 1-E-T : 27977 34 543
Fill 2
Fili 2
T2 2
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Table 4.41: Displacement at nodes 69, 70, 71 and 72 when shear wall is provided at 2 sides

(middle) symmetrically in building resting at slope

K-Tran= Y-Trans Z-Tran=s Ab=zolute
Node L/C
mim mim mim mim
639 2 | f!.!?...?‘f?ﬂ..: __________________ 0136 18354 1 21.319
2 2 | 10844 : . E'...i'..??f ................. .’!.?t..%ff? ................. 21.318
70 2 1D.EE4_ 1. 41? E-T“IE' 12818
L 2 | 1oeze: _’!_.f‘_*_“_'._? ____________________ g ._T_’_'.E' _________________ 12.818

Table 4.42: Displacement at nodes 69, 70, 71 and 72 when no shear wall is in building

resting at slope

X-Trans ¥-Trans Z-Trans Absolute
Hode L/C
mim mim mim Imim
= 2 | 77256 0563: 12876 78324
- 2 | 26 .. 0563 12876 78324
- = . mash: . 008 4397 L TT3T5
= 2 | 250 .. 0018 .. 4395 ..T7.375
Displacement in top nodes, with and without shear wall

920
£
€ 80
'E 70 +—
E 60 || O Displacement, no shear wall
g_ 50 @ Displacement, shear wall corner
'3 40 +—

30 O Displacement, shear wall middle

20 +

10 +

0

node 69

node 70

node 71

node 72

Figure 4.34: Displacement in building at top nodes, for the building at slope (with and

without shear walls)
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+ Comparison of the buildings, the building at plain and the building at slope to note the

displacement of top nodes

O Displacement, no shear wall

O Dispalcement, shear wall at corners

O Displacement, shear wall at middle

140 Displacementin mm
120 — — — —
100 +
80 — — — —
60
40 ||
20 Bl
U THL T Hs LT THL T
Node 69 Node 69 Node 70 Node 70 Node 71 Node 71 Node 72 Node 72
(Plain) (Slope) (Plain) (slope) (plain) (slope) (Plain) (slope)
Figure 4.35: Displacement in building at top nodes, for the building at plain and slope (with
and without shear walls)
+ Displacement of bottom nodes of the building at plain
Table 4.43: Displacement at nodes 53, 54, 55 and 56 when shear wall is provided at 2 sides
(corner) symmetrically in building resting at plain
Hode Lic X-Trans Y-Trans ‘ Z-Trans ‘ Absolute
mm mim mim mm
53 2 4233 0.115 0.007 : 4235
G4 2 4219 0.101 : 0.003 422 i
55 2 4177 1.917 ¢ 0.000 4 506
56 2 4162 1.994 0.004 4621 :
Table 4.44: Displacement at nodes 53, 54, 55 and 56 when shear wall is provided at 2 sides
(middle) symmetrically in building resting at plain
Node Lic X-Trans Y-Trans Z-Trans Ab=olute
mim mim mim mim
56 2 4 011 0.219 : 0.003 : 4017
53 2 4 011 0.218 0.005 : 4017
55 2 3.993 1.841 ¢ 0.003 4 397
54 2 3.993 1.841 ¢ 0.003 4 397

71



Table 4.45: Displacement at nodes 53, 54, 55 and 56 when shear wall is provided at 4 sides,

symmetrically in building resting at plain

Node LiC X-Trans Y-Trans Z-Trans Absolute
mim mim mim mim
56 2 3.642 0.040 : 0.120 3.646
= R R e IIIIII4III¢ .................. IS M s
=2 S R e e 1553., .................. Sl =
— ——— e ;i.:é.é.é...} .................. B e =

Table 4.46: Displacement at nodes 53, 54, 55 and 56 when no shear wall is provided in

building resting at plain

X-Trans Y-Trans Z-Trans Absolute
Hode LiMC
mim mim mim mim
55 2z 44 G3 0.0&0 0.004 44 G003
>4 2 o 44903 : ... 0.060 @ ... 0.001 : .. 44.903
o6 2 o 44883 . o402 ... 0.015: .. 44.885
53 2 44 333 0402 0005 4.4 285
Displacement in bottom nodes, with and without shear walls
50 O Displacement when no shear wall
c 45 provided
E a0
E’ 35 1 @ Displacement, 2 shear wall,
g 30 1 corner
g 25 -
3 20 | .
a 15 1| O Displacement, 2 shear wall,
10 - middle
5 4 |
0

node 53

node 54

node 55

node 56

O Displacement, shear wall, 4 sides

Figure 4.36: Displacement in building at bottom nodes, for the building at plain (with and

without shear walls)

Highest displacement is found in building with no shear wall and the building displacement

has tended to reduce a lot when shear walls are positioned at the corner and middle (exterior).
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+ Displacement of bottom nodes 53, 54, 55 and 56 of the building at slope

Table 4.47: Displacement at nodes when shear wall is provided at 2 sides (corner)

symmetrically in building resting at slope

Node LiC K-Trans Y¥-Trans Z-Trans Absolute
mm mrm mm rmm
53 2z 0.295 0041 2. 454 2623
5.4 2 | o.898 i 0.020 i 1.089 i 1412
e S e S S CEne
— ——— e S e S

Table 4.48: Displacement at nodes when shear wall is provided at 2 sides (middle)

symmetrically in building resting at slope

Node LiC K-Trans ¥-Trans Z-Trans Ab=zolute
mm mm mm i
54 2 0.543 0.436 0.673 0.972
3 - 0.543 : 0.436 : 0.678 : 0.972
= R S T s TEEa
56 E 054000291673 1758

Table 4.49: Displacement at nodes when no shear wall is provided in building resting at

slope
A-Trans ¥-Trans Z-Trans Abszsolute
Hode LiC
mrm mirm mrm mrm

o4 2 53.525 0.003 0.528 5.550

== S — EEEE .................... Eﬁﬁﬁ .................... EEEE .................... EEEHN

= S R E"Eiié .................... ET{E;Q .................... é;ﬁﬁgi ..................... ET@EE;"

55 2 S5.52x2 0.134 2.FF2 5.4954

Displacement in mm, of bottom nodes in building at slope with and without shear wall
8

E 6 O Displacement, no shear wall
[=4
'g 4 — @ Displacement, shear wall at corners
£
[
c_‘u’ 2 . O Displacement, shear wall at middle
Q.
a O

node 53

node 54

node 55

node 56

Figure 4.37: Displacement in building at bottom nodes, for the building at slope (with and

without shear walls)
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+ Comparison of the buildings, the building at plain and the building at slope to note the

displacement of bottom nodes

50
45
40
35
30
25
20
15
10

Displacement in mm

T [ |

1 [

1 [

T [H=]

O Displacement, no
shear wall

O Displacement, shear
wall at corner

0O Displacement, shear
wall at middle

node 53
(Plain)

node 53
(slope)

node 54
(plain)

node 54
(slope)

node 55
(plain)

node 55
(slope)

node 56
(plain)

node 56
(slope)

Figure 4.38: Displacement in building at bottom nodes, for the building at plain and slope

(with and without shear walls)

4.3 Wind load study

Table 4.50: Wind pressures

V, P, P, V, P, P,

H Ko (for plain) | (N/mm?) | KN/m? | (for slope) | (N/mm?) | (KN/m?)
(for (for plain) (for (for slope)
plain) slope)

1-10 91 35.49 755.7240 | .75572 42.3892 1078.10 | 1.0781
11 922 35.958 | 775.78 775786 | 42.948235 | 1106.730 | 1.1067
12 934 36.426 | 796.11 7961120 | 43.507214 | 1135.726 | 1.1357
13 .946 36.894 816.700 | .816700 44.066193 | 1165.097 | 1.1650
14 958 37.362 | 837.55 .83755 44625172 | 1196.265 | 1.196265
15 97 37.83 858.665 | .858665 | 45.184415 | 1224.97 | 1.22497
16 1.01 39.39 930.9432 | .93094 47.0474 1328.074 | 1.32807
17 1.05 40.95 1006.141 | 1.0061 48.9106 1435.34 | 1.43534
18 1.09 42,51 1084.26 | 1.08426 |50.77394 | 1546.79 | 1.54679
19 1.13 44.07 1165.298 | 1.16529 |52.63720 | 1662.404 | 1.66240
20 1.17 45.63 1249.25 | 1.249 54.50047 | 1782.18 | 1.78218
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+ After when the wind load is applied on both the buildings the change in the response
of two same columns that is column 89 is seen in terms of shear force, bending

moments as shown.

B9

o

= 12.528 kN

= SA8 185 kN s

= 3.917 kN = 2469 kN

X o= 5948 kM = 619,111 kN

Y = 0,098 KM = 3411 kN

F = B.433 kNm| W = 5.232 kNm
gg,: Y = 0.004 kNm

£ = 4,578 kNm
(@) (b)

Figure 4.39: (a) Column 89, static model of short column axial loads and the corresponding
bending moments; (b) Column 89, static model of long column axial force and corresponding

bending moments

9
k"- ™ ",
K= A0.317 kN
= 28987 kN ¥ = 532.198 kN
- 523,687 kN Moty
= 20343 kN =2,
X = -19.851 kNm MX = .5.026 kNm
¥ = 3.236 kNm MY = 0.093 kNm
7 = 37.808 kNm MZ = 28.947 kN
(@) (b)

Figure 4.40: (a) Column 89, wind load model of short column axial load and the
corresponding moments; (b) Column 89, wind load model of long column axial load and

corresponding moments
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CHAPTER-5

RESULTS AND DISCUSSIONS

5.1 Comparison of results

Comparing the results for models, it shows that base shear for the building at slope is more
than the building at plain for about 4.5 % more at building at slope. Also, as mentioned in the
objective of the study, the behavior of multi-storey building frame under dynamic response in
terms of displacement, moment, shear, torsion and mode shapes. Response spectrum analysis
has increased the effect of torsion, shears force bending moment and deflection in lower
elements of buildings and thus are compared. Torsion effect is found to be more in short
column in comparison to long column. The displacement of the lower elements in a building
at slope is lesser as compared to the displacement of nodes 53, 54, 55, 56. The results
obtained for the critical elements are represented in the tables below.

Table 5.1 : Maximum moments floor wise in kN-m

Floor Sloping ground Plain ground Percentage increase %
Ground floor | 87.347 85.556 2.05

First floor 93.973 90.278 3.93

Second floor 87.347 80.809 7.48

Third floor 77.357 74.469 3.733

Fourth floor 90.374 92.803 2.7

Top floor 38.757 38.119 1.64

Table 5.2 : Maximum shear force floor wise in kN

Floor Sloping ground Plain ground Percentage increase %
Ground floor | 77.337 77.454 151

First floor 79.183 77.134 2.58

Second floor 103.245 96.486 6.54

Third floor 100.140 104.150 4

Fourth floor 97.867 101.001 3.2

Top floor 94.693 94.033 .69
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__Table 5.3: Axial force in columns in kN

Column position | Sloping ground Plain ground | Percentage increase %
Top 60.141 58.08 3.426

First 174.705 159.38 8.77

Second 287.839 260.685 9.43

Base 490.9 468.7 4.522

Table 5.4 : Bending moments in KN-m at column bases after application of

dynamic forces

Support no. | Sloping ground Plain ground Percentage increase %
73 219.022 161.643 26.2
74 242.583 182.784 24.7
75 242.582 182.784 24.6
76 219.023 161.642 26.2

Table 5.5: Increase in Axial force in kN at base of buildings

Support no. Sloping ground Plain ground Percentage increase %
73 871.066 853.005 2.07

76 870.99 853.003 2.06

82 1094.918 1078.8012 1.47

83 1095.602 1077.978 1.608

Table 5.6: Torsion in KN-m (Beam 73)

Sloping ground Plain ground

Node | Sloping ground | (Shear wall Plain (Shear wall
position at ground position at middle)
middle)

55 5.172 3.616 0.040 0.316

56 -5.172 -3.616 -0.040 -0.316
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Table 5.7: Torsion in KN-m (Column 51)

Sloping ground Plain ground Plain ground (Shear wall
Node | Sloping ground | (Shear wall position at middle)
position at middle)
29 25.212 2.247 0.004 0.00
77 -25.212 -2.247 -0.004 -0.00
Table 5.8: Displacement of top nodes in mm
Sloping ground Plain ground (Shear wall
Node | Sloping ground | (Shear wall Plain ground position at middle)
position at
middle)
69 77.256 21.319 118.44 26.944
70 77.256 12.318 118.443 26.944
71 77.250 12.818 118.443 27.095
72 77.250 21.319 118.444 27.095
Table 5.9: Displacement of bottom nodes in mm
Sloping ground Plain ground (Shear
Node | Sloping ground (Shear wall Plain ground | wall position at
position at middle) middle)
53 5.953 1.758 44.853 4.017
54 5.550 0.972 44,903 4.397
55 5.550 0.972 44,903 4.397
56 5.954 1.758 44,903 4.017

Reduction in shear force at beam element and column element nodes after application of

shear wall is as given in the table.

The reduction in shear (Y) in kN after application of shear wall, in beam, 89% in building at

slope and 98.2 % reduction in shear in case of building at plain, the values are given in table

5.10.
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Table 5.10 :

Reduction in maximum shear (Y) in kKN (Beam element) after application

shear wall
Sloping ground Plain ground (Shear
Node Sloping (Shear wall position | Plain ground wall position at
ground at corner) middle)
55 63.739 1.150 79.263 1.420
56 -63.739 -1.150 -79.263 -1.420

Table 5.11: Reduction in maximum shear (Y) in KN (column element) after application

shear wall
Sloping Sloping ground Plain ground Plain ground
Node ground (Shear wall (Shear wall
position at corner) position at middle)
29 83.806 8.450 106.747 5.835
77 -83.806 -8.450 -106.747 -5.835

The reduction in shear () in kN after application of shear wall, in column, 89% in building

at slope and 94.533% reduction in shear in case of building at plain.
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CHAPTER -6

CONCLUSION

6.1 Conclusion

10.

In this study, performance of residential building frames are studied considering dead
load and live load combination, thus studying the static behavior of the building on plane
and sloping ground to study short column effect. It has been concluded that a short
column is safe under normal loading (D.L and L.L).

In beam forces, maximum bending moment and maximum shear force are calculated and
it is observed that ground floor is efficient because of direct contact with soil and
foundation.

In static analysis, there is no considerable difference found between bending moments
and shear forces of two building components whereas during response spectrum analysis
the change in bending moments of short column in building at slope and long columns in
building at flat were noticeably higher to long columns.

In column force, maximum axial force is calculated and it is observed that maximum
load is in base columns because it resist complete load of residential building and as seen
in top floor axial force is reduced up to 3 times of columns in lower floor. Also, that the
building is found stable under static forces.

Calculated frequency increases as for the building at slope.

Calculated time period of vibration is lesser for the building at slope.

Response spectrum analysis has increased the effect of torsion, shears force bending
moment and deflection in lower elements of buildings and thus are compared. Torsion
effect is found to be more in short column in comparison to long column. The
displacement of the lower elements in a building at slope is lesser as compared to the
displacement of nodes 53, 54, 55, 56.

Columns are more affected to torsion in comparison to the beams.

Shear walls has tend to reduce the shear effect to 89% in building at slope and almost
about 90% in buildings at plain.

Shear wall position at the middle is found to be more effective in terms of safer values

for restricting displacement of top and bottom nodes.
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11. By providing shear wall the buildings were relieved from excessive shear but are not
torsionally balanced too much extent.

12. Results indicate more ductility of common structure and although more initial stiffness of
sloping lot structures.

13. Also, wind load effect on building has made a change in the moments of beam and

column elements.

6.2 Future Scope

1. The study can be further extended to analysis of building at varying slopes.

2. The building of higher degree of irregularities can be analysed.

3. Analysis can be done using software SAP2000, ETAB, ANSYS.

4. Dynamic analysis can be done using Time history method.

5. Comparison of varying analytical methods can be done, such as Time history method and
Response spectrum analysis.

6. Analysis can be performed with different seismic zone.
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