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Abstract

After the devastating Bhuj earthquake, the
seismic design of structures is becoming more
important. Earthquake induced motion is one of the
sources of dynamic loads, that must be considered in
the design of structures. The revised code IS 1893-
2002 (Part 1) has reclassified the zonal map of India
into four zones, thus bringing more than 55% of the
area under seismic zones. An attempt has been made
in this paper to study the behaviour of interior
columns of multistoried building frames in various
seismic zones. In normal practice, the interior columns
of a symmetric building are designed only for axial
loads using 1S 456:2000 with a minimum eccentricity.
But during earthquakes, higher moments are
generated in these interior columns and there is no
provision in 1S 1893-2002 for the eccentricity to be
adopted in the design of columns. Several multistoried
building frames were analysed using STAAD Pro and
the eccentricities of loading in the interior columns
were calculated. Based on the study, suitable
equations were developed for each seismic zone to
calculate the eccentricity of an interior column in
symmetric buildings. This eccentricity can be adopted
as the design criterion for the seismic design of
interior columns.

1. Introduction

A column is generally a compression member
supporting beams and slabs in a structural systei a
having an effective length exceeding three times th
least lateral dimension. A column may be considered
to be short when its effective length does not esce
12 times the least lateral dimension. If the raifo
effective length to least lateral dimension excek2ls
the column is considered as long or slender foigdes
purposes.

1.1 Slenderness Limits for Columns

The unsupported length between the end restraints
shall not exceed 60 times the least lateral dinoensf
a column. If in any given plane, one end of a calum
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is unrestrained, its unsupported length L, shall no
exceed (100#D) [1] where, b = width of the cross
section, D = depth of the cross section measuréukein
plane under consideration.

1.2 Minimum Eccentricity

If columns have axial loads and bending moment
about either the x or y axes only, they are classias
uni-axially eccentrically loaded columns. The
peripheral columns located on the sides of a ngldi
are of this category. On the other hand, the corner
columns of a building are loaded vertically and in
addition they have moments about the x and y axes.
These columns are known as bi-axially eccentrically
loaded columns. Due to initial crookedness, non-
uniformity of concrete and possible eccentricity in
loading, all columns may be conceived to be bixial
eccentrically loaded. All columns shall be desigfad
minimum eccentricity equal to the unsupported lengt
of column / 500 plus lateral dimension / 30, subjec
a minimum of 20 mm. The minimum eccentricity is
incorporated in the design equation recommended in
IS: 456 for axially loaded compression members.

Piz= 0.4 fkAc + 0.67 § Ag Q)
Where, fy = Characteristic compressive strength of
concrete. A = Gross sectional area of concrete
excluding any finishing material and reinfog
steel. § = Characteristic strength of reinforcement.
Asc = Cross sectional area of longitudinal steel.

1.3 Permissible Loads in Short Columns

The permissible axial load P on a short column
reinforced with longitudinal bars and lateral tssll
not exceed

P =0cc Ac + Gsc Asc 2
Where, .. = Permissible stress in concrete in direct
compression. A= Gross sectional area of concrete
excluding any finishing material and reinfog
steel.os. = Permissible compressive stress for column
bars. A.= Cross sectional area of longitudinal steel.

1.4 Ultimate load of columns with Negligible
Eccentricity (e = 0 to e min)
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The ultimate strength of axially loaded columns is
to be computed whefi,, = 0.002. From the stress-
strain diagrams of concrete and steel it will beadly
seen thatf= 0.45, f, = (0.67/1.5§) and £ = 0.87§
for mild steel. For high strength steelg(.75 {. In
the case of biaxial bending, wherg,Rhe axial load

capacity becomes a parameter, the ultimate
compressive load is given by
Puz=0.45 i Ac + 0.75 § Agc 3)

As a further modification to suit eccentricitiesittare

not greater than 0.05 times the lateral dimendioa,

axial capacity has been reduced to (11% reduction)
Piz= 0.4 f Ac+ 0.67 A 4)

1.5 Regular and Irregular Configuration

IS: 1893 — 200R] classifies buildings into two
types namely, Regular and Irregular buildings.
Buildings having simple and regular geometry and
uniformly distributed mass in plan as well as in
elevation, suffer much less damage than buildings
with irregular configuration. A building can be
considered as irregular if atleast one of the diboreh
given in Table 1 and Table 2 is applicable.

Table 1. Definitions of Irregular Buildings -
Plan Irregularities

Sl.

NoO Irregularity Type and Description

1. Torsion irregularity
To be considered when floor diaphragms are rigid
in their own plan in relation to the vertical stuial

Table 2. Definitions of Irregular Buildings —
Vertical irregularities

Sl

NoO Irregularity type and Description

1. a) Stiffness Irregularity — Soft Storey
A soft storey is one in which the lateral stiffnéss
less than 70 percent of that in the storey above or
less than 80 percent of the average lateral stiffne
of the three storeys above.
b) Stiffness Irregularity — Extreme Soft Storey
A extreme soft storey is one in which the lateral
stiffness is less than 60 percent of that in tloeest
above or less than 70 percent of the average
stiffness of the three storeys above. For example,
buildings on SILTS will fall under this category.

2. Mass Irregularity
Mass irregularity shall be considered to exist wher
the seismic weight of any storey is more than 200
percent of that of its adjacent storeys. The
irregularity need not be considered in case ofgoof

3. Vertical Geometric Irregularity
Vertical Geometric irregularity shall be considered
to exist where the horizontal dimensions of the
lateral force resisting system in any storey is enor
than 150 percent of that in its adjacent storey.

4. In-Plane Discontinuity in Vertical Elements
Resisting Lateral Forces
A in-plane offset of the lateral force resisting
elements greater than the length of those elements.

5. Discontinuity in Capacity — Weak Storey
A weak storey is one in which the storey lateral
strength is less than 80 percent of that in theegto
above. The storey lateral strength is the total
strength of all seismic force resisting elements
sharing the storey shear in the considered dimectio

elements that resist the lateral forces. Torsion
irregularity to be considered to exist when the
maximum storey drift, computed with the design
eccentricity, at one end of the structure transvéss
an axis is more than 1.2 times the average of the
storey drifts at the two ends of the structure.

2. Re-entrant Corners
Plan configurations of a structure and its lateral
force resisting system contains re-entrant corners,
where both the projections of the structure beyond
the re-entrant corners are greater than the 1®perc
of its plan dimension in the given direction.

3. Diaphragm Discontinuity
Diaphragm with abrupt discontinuities or variation
in stiffness, including those having cut-out or ope
areas greater than 50% of the gross enclosed
Diaphragm area, or change in effective diaphragm
stiffness of more than 50% from one storey to the
next.

4. Out-of-Plane Offsets
Discontinuities in a lateral forces resistance path
such as out-of-plane offsets of vertical elements.

5. Non-Parallel Systems
The vertical elements resisting the lateral foraes
not parallel to or symmetric about the major
orthogonal axes or the lateral force resisting
elements.
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2. Modal Analysis

The failure of the column occurs at the plastic
hinge in the eccentric compression side and siganifi
failure starts to occur from the corners at theeatiic
compression sidgs]. Lower strength than calculated
occurred for some high strength columns with clise
spacing, high percentage of longitudinal steel and
larger cover[4]. For columns made of high strength
concrete under eccentric loading no significanteien
were obtained than normal conventional concrete [5]
In this study, an attempt is made to arrive at a
necessary design criterion for the interior columns
under various seismic zones.

Two types of regular buildings were taken for the
analysis. One has a square plan and the other has a
rectangular plan as shown in Figure 1 and Figure 2.
Preliminary design was done and the size of columns
and beams were arrived. The height of each floor is
restricted to 3m. The live load on the floor isuamsd
as 3kN/m2. The live load on the roof is taken as
0.75kN/m2. The number of stories was taken as 10.
Analysis was done using STAAD Pro.
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Figure. 2 Rectangular Plan
Building

Figure. 1 Square
Plan Building

For buildings having square plan the seismic force
was applied only in the X-direction as shown in
Figure 3. For buildings having rectangular plan the
seismic force was applied in the X-direction ansbal
in the Z-direction as shown in Figure 4. The bungli
is analysed in all the four zones with all the load
combinations given in IS 1893 — 2002. The Axialdoa
at a section and the maximum moment at any section
were obtained using STAAD Pro. Five different span
lengths were used in both square and rectangudar pl
buildings namely 3m, 3.5m, 4m, 4.5m and 5m.
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Figure 3. Load application for a Square Plan
Building in X direction

The eccentricity at a section can be obtained using
the equation

e=M/P (5)
Where, e = Eccentricity. M = Maximum Moment at
the section. P = Axial Load at the section of the
Column
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Figure 4. Load application for a Rectangular Plan in
Building in X and Z direction
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The following Load Combinations recommended

in 1S: 1893 — 2002 were used in the analysis:

a) 1.5(DL+LL)

b) 1.2(DL+LL+SL)

c) 1.2(DL+LL-SL)

d) 1.5(DL+SL)

e) 1.5(DL-SL)

fy 0.9DL + 1.5SL

g) 0.9DL -1.5SL
Where, DL = Dead Load. LL = Live Load. SL =
Seismic Load.

The Seismic analysis was done using STAAD

Pro and the top and bottom moments were obtained
for the interior columns at different floors. The
eccentricity and eccentricity to depth of the gsatti
(e/D) ratios of all the floors were calculated. Tedal
load and Moments on the top and bottom of the
interior column can be obtained from STAAD Pro as
shown in Figure 5 and Figure 6. All the multistarie
building frames were analysed and from the Moment
and the Load at the top and bottom of the column in
each floor was obtained and the eccentricity can be
calculated.

EIETE

[ e - %
r¥ A (BERS 0w

azelE
99880802+ oo 4|H@ARaanQB QoL |
ATVRBEABELETO | BXHE M REARPES ([ mB

EEY FEEORT
it | | pen | = Mods
| - reators | 3 Displacamont

| s

Figure 5. Axial Load Diagram for a 3m span Zone 2
Square Plan Building
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Figure 6. Column Moment Diagram for a 3m span
Zone 2 Square Plan Building
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3. Results and Discussion

The results obtained from different problems were
consolidated. The values of all the top and bottom
moments for the interior columns were tabulatedhwit
respect to e/D ratio for various spans of buildiags
Floor Numbers. Graph was plotted between the e/D
ratio and the Floor Number for various spans.
Equations were developed for different zones with
span of the building and depth of column as vaeisbl
The equations were developed for the ground storey
and the top storey of the square and rectangudar pl
buildings. The minimum eccentricity can be calcedat
from these equations. For other floors the equation
can be interpolated and the values of minimum
eccentricities can be obtained. The e/D ratio
calculation for a 3m span square plan buildingdnez
2 was given in Table 3 and Table 4.

Table 3. e/D ratio at the top of the column for a 3m
span square plan building in zone 2

Floor Moment Load Depth Eccentricity

Number (kNm) (kN) (mm)  (mm) P
10 732 601 230 12179 053
9 1771 150 230 11806 051
8 21.84 237 230 9215 0.0
7 2543 321 240 7922 033
6 3536 407 275 8687  0.32
5 3832 498 300 7694 026
4 4221 595 330 7094 025
3 3858 698 350 5527 . 0.6
2 2079 809 375 3682  0.09
1 377 927 400 406 001

Table 4. e/D ratio at the bottom of the column for a
3m span square plan building in zone 2

Floor Moment Load Depth Eccentricity

Number (KNm) (N) (mm)  (mm) P
10 877 68 450 12897  0.28
9 1507 165 450 9133 0.20
8 2489 263 450 9463 021
7 3335 362 450 9212 020
6 4025 463 450 8693  0.19
5 4543 566 450 8026  0.17
4 49.14 673 450 7301 0.6
3 5159 783 450 65.88  0.14
2 5363 897 450 50.78  0.13
1 5228 1016 450 5145 0.1

www.ijert.org

International Journal of Engineering Research & Technology (IJERT)
ISSN: 2278-0181
Vol. 2 Issue 4, April - 2013

From the results obtained graphs were plotted
between e/D ratio and Floor number for all the span
and zones for square and rectangular plan buildihgs
is clear that the moment at the top of the colusn i
giving the critical moment. For further discussiamy
the top moments and the e/D ratios at the top were
considered. The e/D ratio of all the zones for a 3m
span square building was shown in Figure 7. The e/D
ratio profile is slightly different for a rectangulplan
building and is shown in Figure 8 for 3m span.

Square Building 3m span

—o— Z0|

—l— Z0|

14 —A— Z0
Z0
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Figure 7. Comparison of e/D ratio of all 4 zones for

a 3m Square Plan Building

Rectangular Building with span 3m

—&—zone 5
——zone 4
—&—zone 3

zone 2

e/D ratio

5
Floor Number

Figure 8. Comparison of e/D ratio of all 4 zones for
a 3m Rectangular Plan Building

The details of e/D ratios for different spans for a
square plan building in zone 2 were given in Tdhle
Figure 9 shows the details of e/D ratio of various
floors with respect to the length of the span.
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Table 5. e/D ratio for all spans in square plan

building in zone 2
Square Building Zone 4
e/D ratio 4
Floor 3m  3.5m 4m 4.5m 5m . :’.__E:jf
10 053 035 026 020 0.8 . e ous
9 0.51 0.31 0.19 0.14 0.12 o Floor 7
8 040 025 021 017 014 g: \ I
7 033 025 020 016  0.13 . : o ours
6 0.31 0.22 0.17 0.14 0.11 —=—Floor 3
5 025 018 014 011  0.09 N e
4 021 015 011 009  0.07 0 M A
3 015 010 008 006  0.04 Span (m)
2 0.09 0.06 0.04 0.03 0.02
1 0.01 0.0007 0.002 0.003 0.005 Figure11. e/D ratio in different span length for
various floors in zone 4
Square Building Zone 2 Square Building zone 5
e ) S
0.5 1 ~—#&— Floor 8 1.6 1 :EZZ::
0.4 —¥— Floor 6 oor
%0.3 | —@— Floor 5 % 121 \ +:°°';
50.2 | —+—Floor 4 o 08| X : e Floors
) ——Floor 3 [5) N —+——Floor 4
0.1 1 Floor 2 04 | \\\ —=—Floor 3
0.0 —"— —— Floor 1 ' Floor 2
25 3.5 45 5.5 0l & ¢ o o = ——Floor1
Span (m) 25 ié.sban (m)4.5 5.5

Figure 9. e/D ratio in different span length for Fig. 12 e/D ratio in different span length for various
various floors in zone 2 floorsf in zone 5
The details of e/D ratio for a square plan building The same analysis methods was used for the
having different spans were compared from Figure 10 rectangular plan building and the e/D ratios ofias
to Figure 12. spans and in various zones were given from Talie 6

Table 9.
. Table 6. e/D ratio for all spans in rectangular plan
Square building zone 3 building in zone 2
—e— Floor 10
1
—=— Floor 9 e/D ratio
0.8 —aA— Floor 8 Floor No 3m 35m 4m 45m 5m
2 06| Floor 7 10 0.98 0.76 0.84 0.66 0.50
g \ —— Floor 6 9 0.42 0.32 0.30 0.26 0.18
3 041 4 —e—Floor 5 8 0.34 0.26 0.22 0.2110.13
0.2 | . —+— Floor 4 7 0.28 0.22 0.16 0.17 0.10
Floor 3 6 0.23 0.18 0.12 0.13 0.07
0 —e—o—o— Floor 2 5 0.19 0.15 0.08 0.11 0.04
25 35w | —e—Foor1 4 016 012 004 008 0.02
3 0.12 0.09 0.0110.06 0.002
Figure 10. e/D ratio in different span length for 2 0.07 0.05 0.02 0.02 0.021
1 0.006 0.008 0.06 0.01 0.04

various floors in zone 3
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Table 7. e/D ratio for all spans in rectangular plan

building in zone 3

Floor e/D ratio

NO " 3m  35m 4m  45m  5m

10 1.57 1.209 1.35 1.05 0.803
9 0.67 0.51 0.48 0.42 0.30
8 0.55 0.42 0.36 0.33 0.22
7 0.45 0.343 0.26 0.27 0.16
6 0.37 0.28 0.19 0.22 0.11
5 0.31 0.23 0.13 0.18 0.07
4 0.25 0.19 0.07 0.14 0.03
3 0.19 0.14 0.01 0.09 0.003
2 0.10 0.078 0.047 0.04 0.03
1 0.0099 0.012 0.10 0.02 0.07

Table 8. e/D ratio for all spans in rectangular plan b

uilding in zone 4

Floor e/D ratio

No 3m 3.5m 4m 4.5m 5m
10 2.3 1.81 2.02 1.58 1.20
9 1.01 0.77 0.72 0.63 0.45
8 0.82 0.63 0.54 0.50 0.33
7 0.67 0.51 0.40 0.40 0.24
6 0.56 0.43 0.29 0.33 0.17
5 0.47 0.35 0.19 0.27 0.11
4 0.38 0.28 0.11 0.21 0.05
3 0.28 0.21 0.02 0.14 0.005
2 0.16 0.11 0.06 0.06 0.05
1 0.01 0.018 0.16 0.03 0.11

Table 9. e/D ratio for all spans in rectangular plan

building in zone 5

Floor e/D ratio

No 3m 3.5m 4m 4.5m 5m
10 3.53 2.72 3.04 2.38 1.80
9 151 1.16 1.09 0.95 0.68
8 1.24 0.95 0.82 0.75 0.49
7 1.01 0.77 0.60 0.61 0.36
6 0.85 0.64 0.43 0.50 0.25
5 0.70 0.53 0.29 0.40 0.16
4 0.57 0.43 0.16 0.31 0.08
3 0.43 0.31 0.03 0.21 0.007
2 0.24 0.17 0.094 0.10 0.076
1 0.022 0.027 0.24 0.053 0.16
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4. Equations

Equations were developed for the e/D ratios of top
and the bottom storey interior columns for eachezon
with length of the span and depth of column as the
variables. For the intermediate stories the minimum
eccentricity can be calculated by interpolatiorabl®
10 shows the equations for calculating the e/ rfati
various zones for a square plan building and Tatle
is for a rectangular Plan building.

Table 10. Equations for top and bottom storey
eccentricity in various zones for a square plan

building
Sl.
No. Zone Top Storey Bottom Storey
1 " 0.095$-0.93S 0.008% - 0.06S
+2.46 +0.13
9 " 0.1528-1.48S 0.0128-0.10S
+2.93 +0.21
3 v 0.2298-2.23S 0.018%-0.15S
+5.89 +0.31
4 v 0.3438-3.34S  0.028%-0.23S
+8.83 +0.47

Where, S = Span Length.

Table 11. Equations for top and bottom storey
eccentricity in various zones for a rectangular plan

building

Sl Zone Top Storey Bottom Storey
0.593- 0.258-

1 I 9.645+58.34%— 3.97$+23.40%-
155.02S+153.55 60.57S+58.02
0.958- 0.408-

2 M 15.438+93.34%— 6.34S5+37.44%
248.01S+245.65 96.915+92.83
1.428- 0.608—

3 \Y; 23.16S+140.063- 9.528+56.16%—
372.15S5+368.61 145.365+139.24
2.139- 0.899-

4 \Y; 34.748+210.11%  14.285+84.25%

558.27S+552.96 218.06S+208.88

Where, S = Span Length.

The above equations are for minimum eccentricity
in respect of top and bottom storey interior colsmn
for each zone with length of the span and depthef
column as variables. For the intermediate stoties,
minimum  eccentricity can be calculated by
interpolation.
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5. Conclusion

It is observed from the e/D ratios that even in
mild earthquake Zone (i.e. Zone 2), the minimum
eccentricity given in IS 456 — 2000 is exceedeck Th
e/D ratio is found to decrease when the span is
increased. In addition, the e/D ratio is found to
increase from bottom storey towards the top storey.
It is also found out that e/D ratio increases vtita
Zone Number. Equations have been developed for
finding the minimum eccentricity of interior
columns of multistoried building frames. This
minimum eccentricity can be used as the design
criterion for the seismic design of interior colusnn
of multistoried building frames.
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