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Abstract— Extensive researches in the field of earthquake
resistant structural designing techniques have taken place in
past few years and several new methods providing far better
results than the conventional methods have been proposed.
Force Based Design (FBD) or the conventional designing
approach and Direct Displacement Based Design (DDBD) or
performance based approach are the two widely popular
design approaches. As the use of structural analysis and
designing software’s is more popular these days, so with the
help of ETABS Ultimate 15.2.2 three models of a G+11
irregular tall hotel building are designed (model-1 based on
FBD method using 1S-1893(PART-1) : 2002 norms, Model-
2 based on DDBD method using 1S-1893(PART-1) : 2002
norms, Model-3 based on DDBD method using ASCE 7-10
norms) and the demand parameters are compared for eight
different set of spectral accelerations. Performance based is a
comparatively new approach but as its working has a
harmonious - combinationof efficiency and economy it
provides excellent results.

Key words: Direct Displacement Based Design, Force Based
Design, Spectral Acceleration, Base Shear, Storey Drift

l. INTRODUCTION

The objective of this paper is to perform a Comparative study
of performance based seismic design(DDBD) and
conventional design(FBD) approach, applied on a irregular
tall building using non-linear dynamic analysis technique
(time history method),to compare seismic behavior of
multistoried reinforced concrete framed building for different
spectral intensities in terms of various responses such as, base
shear and storey drift and to develop a relationship between
different spectral intensities and the responses of the
structural models. In the present study non-linear dynamic
analysis of G+11 storied irregular tall reinforced concrete
building considering three sets of spectral intensities is
carried out and seismic responses of the building is compared.
Non-linear dynamic analysis provides most accurate results
of structural responses for both force based and displacement
based methods and is best suited for irregular tall buildings as
it incorporates both, the non-linear behavior of an irregular
structure and the dynamic effect of a seismic event [1].
Hence, it is adopted here for this comparative study.

A. Force Based Approach

The FBD or prescriptive approach describes the way a
structure must be constructed, rather than the performance
level the designed building should deliver. This type of
approach is strictly obeys a combination of codes, standards,
and regulations. Elastic behavior of the structure under study
is considered and acceleration response spectrum is used for

the calculation of the base shear [2]. Structure is characterized
by initial stiffness and elastic damping.

B. Performance Based Approach

Performance based design approach in simple words may be
defined as way of thinking and working in terms of ends
rather than means. It is concerned with what a structure is
required to do and not with prescribing how it is to be
constructed. Direct displacement based design technique
based on a performance based design approach and it was
introduced in 1993(Priestly 1993),it is a performance based
design approach and has been a subject of significant research
and interest in Europe , new Zealand and north America in
the intervening years. Behavior of the building in the
inelastic range is considered and displacement response
spectrum is considered for calculation of the base shear [2].
Structure is described in terms of secant stiffness and
equivalent viscous damping. A shift from strength to
displacement has occurred lately as the performance
determining criteria of a structure [3]. Performance of a
building can be directly related to the amount of damage that
occurs in a building under a seismic event and hence
deformation made displacement is the primary focus of this
design philosophy [4]. Due to intense synchronized research
efforts to develop the concept over the past few years, it is
now on the phase where it has become a practical and
reasonable substitute to current force based code approaches.

Il. LITERATURE REVIEW

In 2015 Dautaj Arton, et al in their research showed that
DDBD is more direct then FBD, since it is based on the curve
of ultimate strength, which actually depends only from the
cross height and deformation on the ultimate strength. While
FBD depends on the stiffness treated as a constant which
actually varies to a great extent in the process of improving
the preliminary design. DDBD makes adequate evaluation of
ductility demand [5]. In 2012 the Indirect PBSD application
for the analysis of an ultra-tall building, Shanghai World
Financial Centre Tower in Mainland China was performed by
Jiang Huanjun, et al. In this design conventional strength
based design methods with combination of performance goals
of the structure under study was used. The seismic
performance objectives of SHWFC Tower were taken as fully
operational under minor earthquakes, operational under
moderate earthquakes, repairable under rare earthquakes, and
collapse prevention under extreme rare earthquakes. It was
found to be more practical as well as economical than making
an overall shift towards direct PBSD. Experimental study and
numerical analysis demonstrated that the designed structure
system was a competent solution to resist earthquakes and the
pre-selected seismic performance objectives could be
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accomplished with ample confidence [6]. Later in 2013
Performance authentication studies show that the method can
be regarded as a suitable alternative to current force based
seismic design of structures. The method, performed quite
suitably in term of maximum inter-story drift, even for tall
models. Some deviations, principally in tall models, from
design values are mainly due to the complex and highly
varying nature of frequency content of near-fault records.
Another important finding of the study done by Malekpour
Saleh, et al is that, the DDBD methodology is able to design
structures with quite controlled residual behavior [7].
Performance based seismic design of RCC building was
carried out by Hirde Suchita, et al in 2016 and a direct
displacement based seismic design approach has been used to
carry out Performance based design. A theoretically
developed beams depth on the basis of unified approach to
performance based seismic design has been calculated first
for specific performance level. Rest of design procedure is in
line with direct displacement based seismic design. Drift and
performance combination considered were CP with 3% drift
for performance based design. Performance evaluation has
been carried out through pushover analysis. For building
designed with performance based design under design basis
earthquake and maximum considered earthquake, column
performance is elastic, while in IS code method it is B-10 and
10-LS correspondingly. It concludes that capacity design is
necessary with column beam capacity ratio 1.3. Second of all,
Hinge formation locations have been observed. It shows that,
in performance based design hinge formation in beams is
uniform as compared to IS code design. It concludes that
distribution of lateral strength is more rational in performance
based design than IS code design method [8]. Two sets of
reinforced concrete plane frames characterized by irregularity
in elevations were designed according to FBD and DDBD
proposed as a “Draft Model Code” by Massena. B, et al in
their research done in 2012. The found inter-storey drifts
results were smaller than the design drift limit imposed by the
design procedure in terms of displacement profile for all
configurations and for both design procedures. Based on the
results obtained for the set of frames studied it seems that
DDBD methodology can cope with the vertical irregularities
studied and the results are notably less conservative than the
ones obtained by FBD according to EC8 rules [9].

In 2007 by Klemencic Ron, et al few suggestions
were put forward regarding the application of DDBD
approach. Despite numerous technical challenges, tall
buildings with exclusive structural systems can be designed
to meet or exceed the performance objectives of the current
Building Code. Given the importance of these structures,
great care and due conservatism are necessary. The Building
Code was not written with tall buildings as its center.
Therefore, correct interpretations are important and should
not only be permitted, but required. Building officials should
allow engineers to use rational engineering methodologies
and proper engineering mechanics to demonstrate a proposed
design meets or exceeds Building Code performance
expectations, and not tie the engineers’ hands by limiting
designs to the prescriptive requirements of the Code [10].
Sullivan T. J, et al in 2004 suggested that the key to a
successful design will be an appreciation of the assumptions

that exist within each method irrespective of the approach
adopted. The biggest difference between the DBD
approaches may be related to the ease with which they can be
reliably applied to various structural forms [11]. Paper
published in 2000, written by J Judi Hayder, et al is a review
of the damping theory, on which the DDBD is founded. The
equivalent viscous damping and the substitute viscous
damping concepts are investigated. Typical values of these
forms of damping that may be found in structures that show
different hysteretic behavior and subject to a range of
earthquake ground motions are presented. For a selected
hysteretic form, proxy damping values are highly dependent
upon the ductility of the systems, and far less on the initial
period of the system. Period range, ductility value and proxy
damping values are similar for different earthquake ground
motions for a specific hysteretic form. Substitute damping
values calculated from averages over eight earthquakes are
similar to the damping values suggested by Priestley for
DDBD [12].

I1l. METHODOLOGY

The building under consideration is modeled with the help of

ETABS Ultimate 15.2.2 software. USA Ground motion

records of Imperial Valley, El Centro earthquakes which have

occurred in the past are used here for the time history analysis

and were obtained from http:/peer.berkely.edu/nga site. As

the Indian records of spectral accelerations were not available

on any trusted site thus USA records were used. Three time

history records of both in X and Y directions are used for the

analysis purpose.

1) Model 1: based on FBD method using 1S-1893(PART-
1): 2002 norms [13].

2) Model 2: based on DDBD method using 1S-1893(PART-
1): 2002 norms [13].

3) Model 3: based on DDBD method using ASCE 7-2010
norms [14].

For model-1 and model-2 data such as occupancy
factor, response reduction factor etc are taken as per Indian
codal provision i.e, IS-1893(PART-1): 2002 and for model-3
from the American code i.e, ASCE 7-10 is used. The common
data in the above three models is the ground motion
acceleration record and the long period and short period
spectral accelerations which is also adopted from USGS
(United States geological survey) records. The spectral
accelerations adopted from the seismic hazard maps are 5%
of the critical damping [15]. What makes the modeling of
displacement based design different from force based design
is the application of the plastic hinges at the beam and column
lengths, as in the force based design, deformation of the
member only in the elastic zone is considered. The presence
of the plastic hinges in the DDBD model allows the structure
to deform in inelastic region thus making it safer than any
force based design construction.

Spectral accelerations provide a better correlation
between the seismic intensity and structural behavior as
spectral accelerations can be defined as the intensity of
earthquake actually acting on a structure where on the other
hand PGA (peak ground accelerations) is the intensity of the
earthquake acting on a particle on the earth surface. Hence,
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spectral accelerations are used here for the calculation of ' s ™ ™
structural demand parameters. A user defined target response
spectrum is created for the eight different long period (T = 1 ’ . s s

sec) and short period (T = 0.2 sec) spectral accelerations. The
ground motion records in both X and Y direction are matched

with the corresponding response spectrum in time domain. As ! =

per ASCE 7-10 for all the three models. The scaled time

history record has to be greater or equal to the target response ' 4 4 4
spectrum in the range 0.2T to 1.5T. Where, T is the time |
period of the fundamental mode. Once all the time histories i . . '

are scaled with respect to the target response spectrum these
time histories are assigned as load cases. ETABS can use
either FNA or direct integration for non-linear time history
analysis. FNA is faster as compared to the other available
options hence it is used here. From the primary
experimentation it was quite clear that the value of base shear
obtained from both the methods i.e, DDBD and FBD varies
for different ranges of long and short period spectral
accelerations, under an effect of the same ground motion
applied on all the three models.

Structural Geometry

Storey G+11
Total height of the building 394 m
Irregularity Geometrig:al irregglarity : T
Mass irregularity ==t
Beam for 4m span 600x450mm, M25, HYSD500 Si
Beam for 7.79 mspan | 800X550mm, M25, HYSD500 11
Column 800x600mm, M25, HYSD500 vl
Slab 250mm a
Table 1: details of structural geometry
" L]
Frtr & rer Fig. 2: 3D View
I Storey Data (In Meter)
—t—t— Base 3
. Storey 1- Storey 4 | 3.25
- Storey Helght I=q; ey 5- Storey 10 | 3.4
| Storey 11 3
. Base Dimensions (In Meter)
Length Of Longer Side 47.37
Length Of Shorter Side 36
Ul T Table 2: Building Dimensions
Required Data Model- Model-2 Model-3
Figure-1(a) 1% storey Plan View — 1
NS — Seismic Use NA NA n
Group
S B B Gn ma o Seismic Zone W v NA
P Occupancy NA NA I
L I I T R T | Category
Importance
[ e I T T | Factor( 1) 1 1 1.25
o Lateral Load | gy \or SMRF SMRF
Resisting System
Response
e Reduction 5 5 NA
——— FaCtOf(R)
Response
: - Modification NA NA 8
Figure-1(b) 6" storey Plan View Factor(R)

All rights reserved by www.ijsrd.com 896



Comparative Study of Performance Based Seismic Design (DDBD) and Conventional Design (FBD) Approach, Applied On an Irregular Tall Building Using

Non-Linear Dynamic Analysis
(IJSRD/Vol. 5/Issue 09/2017/219)

System Over-
Strength NA NA 3
Factor(Wo)
Deflection
Amplification NA NA 55
Factor(Cd)
Reliability
Factor(p) NA NA !
Soil Type 1l Il NA
Site Class NA NA B
Scale Factor 1.96 1.96 1.53
Fundamental
Period( T )* 0.486 0.486 0.486
14DL
1.2DL+LL
15(DL + LL) L2hLe
Load 1.2(DL + LL + EQL) 105 DL +
Combination 1.5(DL £ EQL) ' EQL -
0.9(DL + 1.5 EQL) 135 DL +
EQL+L.L
1.05D.L
Types Of Load*
Dead Load Self-weight Self-weight
Live Load At 3.5 KN/m? 3.5 KN/m?
Floor Level
Live Load On
Roof Level 1.5 KN/m? 1.5 KN/m?
SDL 20KN/m 20KN/m
Lumped
Lumped Plasticity
Plasticity Model
Model
Hinge NA Beam; Mg:/?g]r\_n-
MOMENT-
M3 M3
Solarit Column-
FIBRE-P2- F'BEAEB'PZ'
M3

Table 3: Data of Structural Designing Details
*Fundamental period (T) of the structure is
calculated from the static analysis of the building
*Design loads for model-1 and model-2 are taken as
per IS 875 (part-2):1987[16] and for model-3 as per ASCE 7-
10[14] IS: 1893-2002 - Part 1 has acknowledged the
importance of local site effects and has defined three soil

profile types, which essentially are rock or hard soils (Type
1), medium soils (Type 1), and soft soils (Type I11). The code
has suggested a design spectrum for each of these soil profile
types. However, the code does not explain how to decide the
type of soil profile to be used to select the appropriate design
acceleration spectrum, given the variation of soil profile in a
particular locality. Thus, a procedure is required to arrive at
the type of soil profile [17]

A. Limitations

1) Storey Drift Limitations

—  For model-1 and model-2 designed as per 1S 1893:2002
(part-1) norms the storey drift in any storey due to the
minimum specified design lateral force, with partial load
factor of 1.0, shall not exceed 0.004 times the storey
height.
Allowable drift (for storey 11) = 0.004 x 3000 = 12 mm
Allowable drift (for storey 10 to 5) = 0.004 x 3400 = 13.6
mm
Allowable drift (for storey 4 to 1) = 0.004 x 3250 =
13mm

— For model-3 designed as per ASCE 7-10 norms the
storey drift for seismic use group Il for masonry wall
frame structures storey drift shall not exceed 0.010 hsx.
Where hsx is the storey height below level x.
Allowable drift (for storey 11) = 0.010 x 3000 = 30 mm
Allowable drift (for storey 10 to 5) = 0.010 x 3400 = 34
mm
Allowable drift (for storey 4 to 1) = 0.010 x 3250 = 32.5
mm

IVV. RESULTS AND DISCUSSION

A. Base Shear

Base shear is an estimate of the maximum predictable lateral
force that will occur due to seismic ground motion at the base
of a structure. Calculation of base shear relies on many factors
such as soil condition in the building site, epicentral distance,
likelihood of the occurrence of the earthquake and the
fundamental period of vibration of the structure. The base
shear of reinforced concrete frame irregular tall buildings
designed with Direct Displacement-Based Design has been
compared with those designed with Force Based Design
method. Base shear comparisons of model-1, model-2 and
model-3 for different spectral accelerations are presented.

Spectral acceleration Base Shear (KN)
CASE Model-1 FBD Model-2 DDBD Model-3 DDBD
© (1S-1893:2002(PART-1)) | (1S-1893:2002(PART-1)) (ASCE-7-10)
1 S:=0.072 EQX 3742.7645 EQX 3742.7645 EQX | 623.7941
S1=0.039 EQY 3742.7645 EQY 3742.7645 EQY | 623.7941
2 S=0.121 EQX 3742.7645 EQX 3742.7645 EQX | 786.2405
S1=0.063 EQY 3742.7645 EQY 3742.7645 EQY | 786.2405
3 Ss=0.326 EQX 3742.7645 EQX 3742.7645 EQX | 1470.7079
$:=0.110 EQY 3742.7645 EQY 3742.7645 EQY | 1470.7079
4 Ss=0.522 EQX 3742.7645 EQX 3742.7645 EQX | 3021.6363
$:=0.226 EQY 3742.7645 EQY 3742.7645 EQY | 3021.6363
5 Ss=0.715 EQX 3742.7645 EQX 3742.7645 EQX | 4051.1318
S$1=0.303 EQY 3742.7645 EQY 3742.7645 EQY | 4051.1318
6 S:=1.500 EQX 3742.7645 EQX 3742.7645 EQX | 8022.0432
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$:=0.600 EQY 3742.7645 EQY 3742.7645 EQY | 8022.0432
7 S=1.894 EQX 3742.7645 EQX 3742.7645 EQX | 8169.1140
$:=0.611 EQY 3742.7645 EQY 3742.7645 EQY | 8169.1140
8 Ss=2.432 EQX 3742.7645 EQX 3742.7645 EQX | 11404.6714
$:=0.853 EQY 3742.7645 EQY 3742.7645 EQY | 11404.6714

Table 4: Comparison of Base Shears

Analysis for the above specified spectral
acceleration values was performed and variation in the base
shear value for the range of spectral accelerations was
recorded. It is found that for values of seismic intensities less
than Ss= 0.5g, S1=0.226¢ the value of base shear obtained
from FBD method is higher than the DDBD method. For
locations where earthquakes of such seismic intensities occur
DDBD approach using ASCE 7-10 provides a more realistic,
economical as well as life safe parameters for structural
design. For the seismic intensities around Ss= 0.5g,
S1=0.2269 the value of base shear calculated for both the
methods is nearly same. For seismic intensities greater than
Ss=0.715g, S1=0.303g the base shear obtained by DDBD
approach using ASCE 7-10 norms is higher than that obtained
by FBD and DDBD approach using IS 1893:2002(PART-1)
recommendations. Since the force based design don not
considers the nonlinear behavior of the irregular buildings, it
fails in determining the actual values of demand parameters
which will be acting on building under a seismic event hence
in this case where DDBD is providing the higher value of
base shear than that calculated by FBD method, it will be
safer to design the building for the higher value.

B. Storey Drift

Storey drifts here are presented for earthquake load case in
both X and Y directions, for model-1, model-2 and model-3
for three sets of spectral accelerations i.e. case-2 lower value,

case-4 an intermediate value and case-8 the highest value are
selected for the analysis of variation in storey drift of the
given structure. As the change of storey drift for model-1 and
model-2 did not show any notable change with increase of
spectral acceleration values, only three cases were used to
depict the difference in the storey drift amongst the three
models. With the basic structure being the same, three models
of reinforced concrete frames characterized by irregularity in
elevations and mass were designed. Model-1 was designed by
FBD approach using 1S-1893:2002(PART-1), Model-2 was
designed using DDBD approach as per 1S-1893:2002(PART-
1) and Model-3 by DDBD approach as per ASCE-7-10
norms.

1) CASE-2

Location: Portage, U.S.A (Latitude: 41.567° N, Longitude:
81.188°W)

SS=0.121g

S1=10.063g

fa=1

fv=1

SDS = ((2/3). fa .SS) = 0.08079

SD1 = ((2/3). fv .S1) = 0.042g

Table 5 given below shows the comparison of the values of
storey drift (mm) for model-1, model-2, model-3 for CASE-
2 set of spectral accelerations. Drift in both X and Y
directions due to effect of seismic force (EQX, EQY) are
shown below.

CASE-2

Storey Drift (mm)

Model-1 FBD

Storey | 15.1893:2002(PART-1))

Model-2 DDBD
(1S-1893:2002(PART-1))

Model-3 DDBD
(ASCE-7-10)

EQX EQY EQX

EQY EQX EQY

XM XM X

)

XN ITMIX] M XM

0.351 | 0.001 | 0.005 | 0.196 | 0.34

0.001

0.004 | 0.192 | 0.04 | 0.0007 | 0.001 | 0.022

==
ol

1.386 | 0.007 | 0.038 | 0.907 | 1.345

0.006

0.041 | 0.889 0 0 0

1.509 | 0.012 | 0.032 | 1.043 | 1.471

0.01

0.034 | 1.026

0.788 | 0.013 | 0.01 | 0.575 | 0.773

0.011

0.01 | 0.568

0.103 | 0.014 | 0.031 | 0.098 | 0.105

0.012

0.03 | 0.098

0.475 | 0.019 | 0.054 | 0.337 | 0.465

0.021

0.055 | 0.333

0.495 | 0.019 | 0.04 | 0.42 | 0.486

0.018

0.041 | 0.417

0.635 | 0.041 | 0.01 | 0.477 | 0.625

0.038

0.008 | 0.473

0.7 10.042 | 0.01 | 0.523 | 0.688

0.039

oO|Oo|Oo|Oo|o|o|o

0.008 | 0.517

0.681 | 0.04 | 0.012 | 0.499 | 0.667

0.038

OoO|Oo|0O|0|Oo|o|o|Oo
OoO|Oo|Oo|o|o|o|o|o

0.01 | 0.492 0

R INW|A~ OO N|00|©

0.424 | 0.026 | 0.011 | 0.291 | 0.412

0.025

o|o|o|o|lo|o|o|o|o|o

0.01 | 0.285]0.133 | 0.

o
S
@
o
o
S
'_\
o

Table 5: Comparison of storey drift for case-2

Figure-3 and figure-4 are the graphical
representation of the storey drift values obtained for the three
models for CASE-2 set of spectral accelerations. Value of
storey drift for model-3 that is DDBD approach using ASCE
7-10 recommendations are the lowest here amongst the three
models, where the plot
Line for model-1 and model-2 coincides except for two points
i.e. storey 9 and 10.

Storey drift (mm):
DDBD (ASCE 7-10) < DDBD (1893:2002) < FBD (IS
1893:2002)
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Fig. 3: Case-2 EQX storey drift in X-direction
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Fig. 4: Case-2 EQY storey drift in Y-direction

Very small value of storey drift is obtained in CASE-2 for
model-3 whereas model-1 and model-2 designed by Indian
codes provide a very high value. Figure-3 and Figure-4 depict
the over conservative nature of the Indian codes here. Second
point to notice in both the figures above is the dip in the graph
near the 7th floor, this shows that nature and behavior of an
irregular tall building is hard to depict as in regular buildings
normally highest drift is obtained at the mid height of the
building.

2) CASE-4

Location: Jesse Morrow Mountain, C.A, USA (Latitude:
36.7783°N, Longitude: -119.417°W)

S1=0.2269

fa=1.2

fv =16

SDS = ((2/3). fa .SS) = 0.417g

SD1 = ((2/3). fv..S1) = 0.241g

Table 6 given below shows the comparison of the values of
storey drift (mm) for model-1, model-2, model-3 for CASE-
4 set of spectral accelerations. Drift in both X and Y
directions due to effect of seismic force (EQX, EQY) are
shown below.

Location: Jesse Morrow Mountain, C.A, USA (Latitude:
36.7783°N, Longitude: -119.417°W)

CASE-4
Storey Drift (mm)
Storey Model-1 Model-2 Model-3
FBD (1S-1893:2002(PART-1)) | DDBD (1S-1893:2002(PART-1)) DDBD (ASCE-7-10)
EQX EQY EQX EQY EQX EQY
X) | M| X6 X6 X6 XN K]
11 ] 0.351 | 0.001 | 0.005 | 0.196 | 0.34 | 0.001 | 0.004 | 0.192 | 0.137 | 0.0002 | 0.002 | 0.078
10 1.386 | 0.007 | 0.038 | 0.907 | 1.345 | 0.006 | 0.041 | 0.889 | 0.965 | 0.005 | 0.039 | 0.645
9 1.509 | 0.012 | 0.032 | 1.043 | 1.471 | 0.01 | 0.034 | 1.026 | 1.199 | 0.009 | 0.044 | 0.842
8 0.788 | 0.013 | 0.01 | 0575 | 0.773 | 0.011 | 0.01 | 0.568 | 0.811 | 0.008 | 0.02 | 0.589
7 0.103 | 0.014 | 0.031 | 0.098 | 0.105 | 0.012 | 0.03 | 0.098 | 0.319 | 0.003 | 0.015 | 0.242
6 0.475 | 0.019 | 0.054 | 0.337 | 0.465 | 0.021 | 0.055 | 0.333 | 0.276 | 0.043 | 0.066 | 0.195
5 0.495 | 0.019 | 0.04 | 0.42 | 0.486 | 0.018 | 0.041 | 0.417 | 0421 | 0.03 | 0.053 | 0.359
4 0.635 | 0.041 | 0.01 | 0.477 | 0.625 | 0.038 | 0.008 | 0.473 | 0.585 | 0.011 | 0.016 | 0.444
3 0.700 | 0.042 | 0.01 | 0.523 | 0.688 | 0.039 | 0.008 | 0.517 | 0.715 | 0.011 | 0.016 | 0.535
2 0.681 | 0.04 | 0.012 | 0.499 | 0.667 | 0.038 | 0.01 | 0.492 | 0.739 | 0.011 | 0.014 | 0.541
1 0.424 | 0.026 | 0.011 | 0.291 | 0.412 | 0.025 | 0.01 | 0.285 | 0.463 | 0.009 | 0.004 | 0.321
Table 6: Comparison of storey drift for case-4
A graph is prepared on the basis of the storey drift 16
values obtained for CASE-4 set of spectral accelerations. 14
Value of storey drift for model-3 that is DDBD approach — 13
using ASCE 7-10 recommendations has increased in this case E Ny
but still are lower than the other two models. A dip in the £ o3 —e—model
values of the storey drift near the storey 6 and 7 can be A o —mmodel 2
observed for all the three models. Figure-5 and Figure-6 are g ﬁ
the graphical representation of the storey drift values obtained #0417 - model3
for the three models for CASE-4 set of spectral accelerations. 02 Y
Storey drift (mm): DDBD (ASCE 7-10) < DDBD 0 0 s 4 s e 7 s e oo
(1893:2002) < FBD (IS 1893:2002) No. Of Story

Fig. 5: Case-4 EQX storey drift in X-direction
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12

0.2

| AR
Tava

1 2 3 4 5 6 7 8 9
No. Of Story

10 1

Fig. 6: Case-4 EQY storey drift in Y-direction

3) CASE-8
Location: Los Angeles, C.A, USA (Latitude: 34.0522°N,
Longitude:-118.243°W)

Zos SS = 2.432g
g06 —4—model-1 S1=0.853g
a fa=1.0

'E =~ model-2 fv =13

7 model-3

SDS = ((2/3). fa .SS) = 1.620g

SD1 = ((2/3). fv .S1) = 0.738¢g

Table 7 given below shows the comparison of the values of
storey drift (mm) for model-1, model-2, model-3 for CASE-
8 set of spectral accelerations. Drift in both X and Y
directions due to effect of seismic force (EQX, EQY) are
shown below.

CASE-8
Storey Drift(mm)
Storey Model-1 Model-2 Model-3
FBD (1S-1893:2002(PART-1)) | DDBD (1S-1893:2002(PART-1)) DDBD (ASCE-7-10)
EQX EQY EQX EQY EQX EQY
X)) | M | X | ) | X (X) ) | X [ ) | X | ()
11 0.351 | 0.001 | 0.005 | 0.196 | 0.34 | 0.001 | 0.004 | 0.192 | 0.519 | 0.001 | 0.006 | 0.294
10 1.386 | 0.007 | 0.038 | 0.907 | 1.345 | 0.006 | 0.041 | 0.889 | 3.644 | 0.02 | 0.149 | 2.434
9 1.509 | 0.012 | 0.032 | 1.043 | 1.471 | 0.01 | 0.034 | 1.026 | 4.526 | 0.033 | 0.165 | 3.179
8 0.788 | 0.013 | 0.01 | 0575 | 0.773 | 0.011 | 0.01 | 0.568 | 3.062 | 0.03 | 0.075 | 2.223
7 0.103 | 0.014 | 0.031 | 0.098 | 0.105 | 0.012 | 0.03 | 0.098 | 1.206 | 0.012 | 0.058 | 0.914
6 0.475 | 0.019 | 0.054 | 0.337 | 0.465 | 0.021 | 0.055 | 0.333 | 1.041 | 0.161 | 0.248 | 0.736
5 0495 0.019| 0.04 | 042 | 0.486 | 0.018 | 0.041 | 0.417 | 1.59 | 0.114 | 0.199 | 1.354
4 0.635 | 0.041 | 0.01 | 0.477 | 0.625 | 0.038 | 0.008 | 0.473 | 2.209 | 0.04 | 0.062 | 1.676
3 0.7 |0.042 | 0.01 | 0.523 | 0.688 | 0.039 | 0.008 | 0.517 | 2.697 | 0.04 | 0.062 | 2.02
2 0.681 | 0.04 | 0.012 | 0.499 | 0.667 | 0.038 | 0.01 | 0.492 | 2.79 | 0.041 | 0.051 | 2.041
1 0.424 | 0.026 | 0.011 | 0.291 | 0.412 | 0.025 | 0.01 | 0.285 | 1.749 | 0.036 | 0.016 | 1.21
Table 7: Comparison of storey drift for case-8
Given below is the graphical representation of the storey drift 35
values obtained for the three models (model-1, model-2, and
model-3) for CASE-8 set of spectral accelerations. It can be ! B
seen from Figure-7 and Figure-8 that the value of storey drift 325
for model-3 that is DDBD approach using ASCE 7-10 g , .
recommendations is the highest of the other two models i.e. g ——model-1
model-1 and model-2 developed using Indian code. This §1.5 T T —memodel2
means at intensities of this range Indian codes fail to predict E 1
the correct behavior of the building under seismic effect. ’ model3
Storey drift (mm): 05 \:
DDBD (ASCE 7-10) > DDBD (1893:2002) > FBD (IS 0 - 2@ =%
1893:2002) 12 3 4 5 6 7 8 9 10 11
5 No. of storey
~ 4"51 / N\ Fig. 8: Case-8 EQY storey drift in Y-direction
E 35
g 3 V. CONCLUSION
A 25 —4=modeld 1) For values of lower spectral intensities i.e. less than
v 274 | =l-model2 Ss=0.59, S1=0.226g the value of base shear obtained
g1 A model-3 from FBD and DDBD method using IS 1893:2002(Part-
0_; | \ 1) norms is higher than the DDBD (as per ASCE 7-10)
0 .‘ - ""? o .“‘ method.
1 2 3 4 5 6§ 7 8 9 10 11 2) For values of spectral intensities around Ss=0.5g,
S1=0.226g the value of base shear calculated from both
No. of storey the methods is nearly same.

Fig. 7: Case-8 EQX storey drift in X-direction

3) For spectral accelerations of higher intensity such as
Ss=0.715g S1=0.303g and above the base shear obtained
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by DDBD approach using ASCE7-10 norms is much
higher than that obtained by FBD and DDBD approach
using 1S 1893:2002(Part-1) recommendations.

4) Value of base shear for models designed by Indian code
i.e. model-1 (FBD as per 151890:2002(part-1)) and
model-2 (DDBD as per 151890:2002(part-1)) are equal
for all intensities but a difference in the storey drift
values is seen. The reason being that the factor affecting
the value of design horizontal seismic coefficient (Ah)
calculated by Indian code is only the soil site (Sa/g values
for hard, medium and soft soils) while the other factors
i.e.1,Z,R,gand building weight remain constant. On
the other hand in American code relation between the
short period and long period spectral acceleration of a
particular soil site is developed and incorporated in the
calculation of base shear hence a difference in base shear
for varying spectral accelerations is observed.

5) Usually drift is maximum at the centre height of the
building but in this case of an irregular tall building drift
has decreased near the 6th and the 7th storey, owning to
its irregularity in vertical geometry and mass of the
building. This suggests that the behavior of an irregular
tall building under a seismic event cannot be predicted.

6) Storey drift (mm) variation:

— Case 2: FBD(IS 1893:2002)> DDBD(1893:2002)>
DDBD(ASCE 7-10)

— Case 4: FBD(IS 1893:2002)> DDBD(1893:2002)>
DDBD(ASCE 7-10)

— Case 8: DDBD(ASCE 7-10) >FBD(IS 1893:2002)>
DDBD(1893:2002)

VI. Scope

Development of Indian codes based on direct displacement
based design method is where a lot of work can be done. It
may be hard for us engineers to adapt this change as it is
paradigm altering but this change will lead to safer
construction thus saving lives and protecting the enormous
investments that is being made in the field of construction
these days.
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