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Abstract

The main aim of the proposed research is to progdieelines for critical structure height above ebhi
Response Spectrum Analysis (RSA) significantly @Hehe structure design. Response spectrum asialfy20
story building has been discussed in detail andpaoizon of static and dynamic analysis and desgults of
buildings up to 400 ft height (40story) in termspafrcentage decrease in bending moments and shreardf
beams, bending moments of columns, top story defle@and support reaction are presented in thieipap
Percentage decrease in reinforcement area requitdaralifferent members has also been discussed.

1. Introduction
After the devastating October 2005 earthquake ikisBan, the building regulatory authorities
reconsidered the existing structure design requrgsfor the area surrounding the Islamabad,
Peshawar and Azad Jammu & Kashmir. Earthquake garfithe area was changed and Islamabad,
Peshawar and AJK were put under seismic zone I$lb &ynamic analysis was made an essential part
of structure design for the buildings to be corddtd in seismic zone lll. Two types of dynamic
analysis can be used to make the structures sogaitish seismic activity. One is Time History
dynamic analysis and the other is Response specamnatysis. For Time History analysis, we do need
a bunch of site specific data (period, amplitugedlefine the required time history functions. Oa th
other hand, to perform Response spectrum analgsialized response spectrum curves provided by
UBC can be selected to use by providing seismidficamnts Ca and Cv of the respective seismic
zone.
The requirement therefore emerges for a studyddwatprovide guidelines for critical structure heigh
above which response spectrum analysis signifigaftécts the structure design results and findncia
aspects of building construction so as to makesthecture design process more efficient and todavoi
extra effort on structures below that critical Heig
First, a regular square building with five stor(&§ feet) height was assumed which was supposed to
be constructed in Islamabad. A typical Moment RegisFraming system was used in the research
with due consideration to local requirements. Theva said structure was analyzed by using Static
Lateral load method as well as RSA and structuminbers were designed against the most critical
load combinations for both methods of analysistiar building height was increased by 5 stories
(50ft) in each steps up to 40 stories (400ft) amdenanalyzed using both static and dynamic analysis
methods.

2. Requirement of Dynamic analysis
Behavior of structure during an earthquake is ladlgia vibration problem. The seismic movement of
the ground causes the structure to vibrate andesastsuctural deformity in the building. Different
parameters regarding this deformity like frequen€wibration, time period and amplitude are of
significant importance and defines the overall oese of the structure. This overall response also
depends on the distribution of seismic forces witihie structure which again depends on the method
which is used to calculate this distribution.
The lateral force requirements of UBC-97 suggesgerse methods that can be used to determine of
the distribution of seismic forces within a struetu
Different methods of 3-Dimensional dynamic analydistructures have become more efficient in use
along with the development of technology. Resp@psetrum analysis method for seismic analysis is
one of them which also can give more accurate tethhn an equivalent static approach. [1]
The major advantage of using the forces obtaineth &t dynamic analysis as the basis for a structural
design is that the vertical distribution of foreeay be significantly different from the forces dh&d
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from an equivalent static load analysis. Consedyettie use of dynamic analysis will produce
structural designs that are more earthquake resigtan structures designed using static loads.

3. Response spectrum analysis (RSA)

3.1. Response Spectrum
A response spectrum is simply a plot of the peakteady-state response (displacement, velocity or
acceleration) of a series of oscillatafsvarying natural frequencyhat are forced into motion by the
same base vibratioar shock The resulting plot can then be used to pick b# tesponse of any
linear system, given its natural frequency of oscillatigj
Response spectra are very useful tools of eartlegeagineering for analyzing the performance of
structures and equipment in earthquakes, since rhahgve principally as simple oscillators (also
known as single degree of freedom systems). Tliy&u can find out the natural frequency of the
structure, then the peak response of the buildeng lme estimated by reading the value from the
ground response spectrum for the appropriate fregudn most building codes in seismic regions,
this value forms the basis for calculating the ésrthat a structure must be designed to resisnigei
analysis). [2]

3.2. Description of (RSA) Procedure

RSA is an elastic dynamic analysis of a structuizimg the peak dynamic response of all modes
having a significant contribution to total stru@liresponse. Peak modal responses are calculated
using the ordinates of the appropriate responsetrspe curve which correspond to the modal
periods. Maximum modal contributions are combined statistical manner to obtain an approximate
total structural response. [3]
Important parameters required for performing RS&&s under

1. Ground Motion and representation of Response Spactr

2. Modal Analysis

3. Method for combining Modal Maximum Responses

4. Scaling of Elastic Response Parameters

5. Directional Effects

3.3. Ground Motion and Representation of Response Spattr
An elastic design response spectrum constructaddardance with Figure 1.3, using the values of Ca
and Cv consistent with the specific site. The desigceleration ordinates shall be multiplied by the
acceleration of gravity, 386.4 in./$€6.815 m/sed. [3]
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Fig.1: Typical Response Spectrum Curve

Most of the structural analysis software packagesige facility to get the response spectrum curve
by entering values of Ca and Cuv.

3.4. Modal Analysis
Modal analysis is the study of the dynamic propseridf structures under vibration excitation. The
goal of modal analysis in structural mechanics dsdetermine the natural mode shapes and
frequencies of an object or structure during fré@ation. Response Spectrum analysis requires to
include the response of all significant modes ticuwdate the structure response. To satisfy this
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requirement number of modes considered should te that, at least 90 percent of the participating
mass of the structure is included in the calcutatibresponse for each principal horizontal di@tti

[3] When vertical dynamic response of structurainents are required to be calculated e.g. vertical
vibration of beams and floor systems and exacuiagies and mode shapes are used in the analysis ,
Ritz vector approach is recommended because feneggtor analysis hundreds of modes will be
required to capture 90% mass patrticipation asgsired by UBC-97[4].

3.5. The CQC method of modal combination
The most conservative method that is used to estimaeak value of displacement or force within a
structure is to use the sum of the absolute ofntioglal response values. Another very common
approach is to use the Square Root of the SumeoBtiuares, SRSS, on the maximum modal values
in order to estimate the values of displacemembr@es. [5]
The relatively new method of modal combination e tComplete Quadratic Combination, CQC,
method [6] that was first published in 1981. Itbissed on random vibration theories and has found
wide acceptance by most engineers and has beempanated as an option in most modern computer
programs for seismic analysis. Most of the strietmalysis software provides all CQC, SRSS, ABS
and GMC modal combinations methods as options.uBeeof CQC method is highly recommended
to use for modal combination.

3.6. Scaling of Elastic Response Parameters
UBC-97 provides guidelines for scaling of resposigectrum parameters in its clause 1631.5.4 which
is as follows.
Elastic Response Parameters may be reduced foogrsf design in accordance with the following
items, with the limitation that in no case shak thlastic Response Parameters be reduced such that
the corresponding design base shear is less thdaldlstic Response Base Shear divided by the value
of R.
1. For all regular structures where the ground omotiepresentation complies with Section 1631.2
(Ground Motion Representation), Iltem 1, Elastic jo@se Parameters may be reduced such that the
corresponding design base shear is not less thaargént of the base shear determined in accordance
with Section 1630.2 (Static Force Procedure).
2. For all regular structures where the ground omotiepresentation complies with Section 1631.2,
Item 2, Elastic Response Parameters may be redumfdthat the corresponding design base shear is
not less than 80 percent of the base shear detedrimraccordance with Section 1630.2.
3. For all irregular structures, regardless of greund motion representation, Elastic Response
Parameters may be reduced such that the corresgpdésign base shear is not less than 100 percent
of the base shear determined in accordance wittioBel630.2. [3]
The structural model that we have used for thieaesh work falls in category 3. Detailed procedure
for scaling of response spectrum parameters hase dhescribed in the next chapter.

3.7. Directional Effects
A weakness in the current code is the lack of d&im of the “principal horizontal directions” fa
general three dimensional structure. If an engimeatlowed to select an arbitrary reference system
the “dynamic base shear” will not be unique andheaaference system could result in a different
design. One solution to this problem that will desao a unique design base shear is to use the
direction of the base shear associated with thdgomental mode of vibration as the definition of the
“major principal direction” for the structure. THeinor principal direction” will be, by definition,
ninety degrees from the major axis. This approahdome rational basis since it is valid for regula
structures.[7] The required design seismic forcag oome from any horizontal direction and, for the
purpose of design, they may be assumed to act mocuaently in the direction of each principal axis
of the structure.
For the purpose of member design, the effectsisfrée loading in two orthogonal directions may be
combined on a square-root-of-the-sum-of-the-squUBBSS) basis.[7]

4. Dynamic analysis of a 20 Story Building
As many structures with different stories heighte analysed. Therefore, in order to avoid the
description of similarity of the work, in the folleng section, a comparative study of analysis and
design results of dynamic and static analysis of arR0 story building is presented.
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4.1. Description of Building
The buildings considered for this research workGwenmercial cum Residential buildings.
The first four floors will be considered as comn&ravith showrooms and display centers on two
lower floors and studio apartments (Official Us@)upper two floors and live load will be assigned
accordingly. All floors above first four, which wibe added at different stages of this research wil
comprise of two bedroom residential apartments.
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Fig.2:Floor Plan of 20 Story Building

4.2. Earthquake load
For static analysis seismic forces on the buildiil be determined in accordance with chapter 16
Div IV of UBC-97, Design provisions for earthquatesistance of structures.

Seismic zone: Zone 3

Seismic zone factor: Z=0.3

Soil Profile Type SD (Stiff Soil Profile)
Seismic Importance factor Essential facility (1:80)
Response Modification Factor 8.5 (For concrete Migstem)
Seismic Coefficient Ca=0.36,Cv=0.54

4.3. Response Spectrum Function
In ETABS Spectrum function is selected as per UBGafainst Ca=0.36 and Cv=0.54. The spectral
values are as under.

Table 1:Live Loads for the Structure

Period Acceleration Period Acceleration | Period Acderation
0.0 0.36 2.0 0.27 6.5 0.0831
0.12 0.9 2.5 0.216 7.0 0.0771
0.6 0.9 3.0 0.18 7.5 0.072

0.8 0.675 35 0.1543 8.0 0.0675
1.0 0.54 4.0 0.135 8.5 0.0635
1.2 0.54 4.5 0.12 9.0 0.06

1.4 0.3857 5.0 0.108 9.5 0.0568
1.6 0.3375 55 0.0982 10.0 0.054
1.8 0.3 6.0 0.09 | - | -
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Fig.§‘: 3Dimensional extruded view of 20-Story Building

5. Sample Beam Result Comparison

A typical bending moment diagram from level 10 iggented hereunder. In dynamic analysis a

decrease of 31.3 % in negative bending momentsA&f@ decrease in positive bending moment, in
comparison with static analysis, was observed.

In dynamic analysis a decrease of 35.6% in negddingitudinal reinforcement area was observed
while the decrease in positive longitudinal reicfment area was 50%

N

Fig. 4:Bending Moment diagram of Beams af’ $ory-Static analysis
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Fig. 6:Bending Moment diagram of Beams al' $8ory---Dynamic analysis

2,59 0.63 1.85 2.330.57 2.28 2.28 8.57 2.33 1.85 B.63 2.59 18
0.79 0.79 1.084 8.78 0.79 @.82 0.82 0.79 0.78 ‘ 1.04 0.79 B.79

Fig.7: Longitudinal Reinforcement Detail of Beams af $€ry---Dynamic analysis

International Conference on Sustainable Built Envionment (ICSBE-2010)
Kandy, 13-14 December 2010



253

6. Summary of Result Comparison

. i Avg. Change in | Avg. Change in
Height of Avg. Change in Beam Forces Avs. Chanse in =4 =4 =4 =4
Buildin Bendin Column Forces i =G
e e Shear Forces Deflection Reactions
Moment
60 2.2 1.25 1.46 5] 1.78
100 8.53 4.24 1.64 17 1.82
150 16.15 10.35 3.60 27 3.66
200 3L.3 21.7 18.9 44 18.90
250 33.2 24.8 16.04 45 16.00
300 37.8 29.456 20.8 48 20.94
350 35.6 29.2 15.8 45 15.84
400 42,1 36 26.5 50 26.60

Table 2:Summary of comparison of member forces resultimg fstatic and dynamic analysis
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Fig. 8: Graph showing percentage decrease in bending
bending moment of beam Vghieif building
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Fig. @raph showing % decrease in top
story deflection Vs height of building

International Conference on Sustainable Built Envionment (ICSBE-2010)
Kandy, 13-14 December 2010



254

Bending Moments Columns
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Fig. 10: Graph showing percentage decrease in
bending mainef column Vs height of building

Support Reactions
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Fig. 1Graph showing percentage decrease in support
reaction Vs height of building
Avg. Decrease in Beam Reinforcement
Height of %) Avg. Change in Column
Building Reinforcement (%)
Megative Rein. Positive Rein.
&0 2.6 Not significant 2.9
100 9.2 5.5 35
150 16.4 EE] a6
200 35.6 50 38.8
250 7.6 47.5 34.5
300 401 50.98 23.4
350 35.5 43.3 19.2
400 39.8 5215 10.6

Table 3 Summary of comparison of reinforcement area negaents in static and dynamic analysis

7. Discussion of results
It is evident from the work presented that the aflan parameters of structure responding to an
earthquake, depends upon the method of calcultitggeismic force distribution within the structure
Equivalent static lateral force method gives menibeses and displacements of the structure larger
than the more precise Response Spectrum analysis.
This difference in the analysis results, which olngly affects the structural design of the building
increases with the increase in height of the buigdi
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Requirement of reinforcement can be reduced orb#®s of Response Spectrum Analysis which
consequently reduces the budget required for tidibg.

Support reaction is reduced up to 18% resultingcimnomical foundation design.

The column and beam sizes where the required regrizent is minimum in both static and dynamic

analysis results, sizes of the members can be eddoc the basis of Response Spectrum Analysis
results which show lesser stress in the membersrapared to the static analysis.

8. Conclusions

% There is a significant reduction of about 31.3%b&am moments if Response Spectrum

Analysis is performed instead of static analysis2@ story building (200 ft height) or above

in seismic Zone-3. This results in 35.5% decreaseeégative reinforcement and 50%

decrease in positive reinforcement area.

Top story deflection is reduced up to 44% and nibrResponse Spectrum Analysis is

performed instead of static analysis for 20 staryding (200 ft height) or above in seismic

Zone-3.

There is a reduction of about 18.9% in columns ssifeResponse Spectrum Analysis is

performed instead of static analysis for 20 starijding (200 ft height) or above in seismic

Zone-3. This results in 38% decrease in columrfasiement.

On the basis of Response spectrum analysis menteey can be reduced (as compared in

static analysis) which will further result in lesgkead weight of the structure and will result

in an economical foundation design.

% Structure with 200ft height and higher should bsigleed on the basis of analysis results
from response spectrum analysis and not by thie staalysis to get an economical and safe
structure.
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