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Abstract - Proper selection of seismic design forces for engineering structures requires specification of the expected
intensity of ground shaking that the structure will experience during their lifetime. In order to take precaution for the
loss of lives and damage of structures subjected to ground motion, it’s important to understand the characteristics of
ground motion. The most important dynamic characteristics of ground motion are peak ground acceleration (PGA),
frequency content and duration. The more common practice adopted by many seismic codes is to use peak acceleration
as a single measure of ground motion intensity. However, as more earthquake records were obtained, it became
apparent that the use of a single design spectral shape scaled by peak site acceleration is inadequate to cover over all
sites. Many recorded earthquake ground motions have response spectra dramatically different from the standard
design spectrum. Ground motions have varying frequency contents as I0w, intermediate and high. Present work studies
the effect of varying frequency content of ground motion on reinforced concrete buildings. Linear time history analysis
is performed in STAAD Pro software on regular 3D two, six and twenty storey R.C. buildings with six ground motions
of low, intermediate and high frequency contents having same duration and peak ground acceleration. The response of
buildings due to the ground motions in terms of story displacement, story velocity, story acceleration and base shear
are found. The results show that 10w-frequency content and intermediate-frequency content ground motions have
significant effect on regular R.C. buildings. However, high-frequency content ground motions have very less effect on
responses of the regular R.C. buildings.

Keywords - Ground Motion, Peak Ground Acceleration, Frequency Content, Linear Time History Analysis, Base
shear, Storey displacement

[. INTRODUCTION

The earth vibrates cOntinuOusly at periOds ranging frOm millisecOnds t0 days and the amplitudes may vary frOm nanOmeters t0
meters. The mOtiOn that affects living beings and their envirOnment is Of interest fOr engineers and is termed as StrOng grOund
mOtiOn. The MOtiOn Of the grOund can be described in terms Of displacement, velOcity and acceleratiOn. The variatiOn Of
grOund acceleratiOn with time, recOrded at a pOint On the grOund during an earthquake is called an accelerOgram. The grOund
velQcity and displacement can be Obtained by direct integratiOn Of an accelerOgram. Typical grOund mOtiOn recOrds are called
time histOries. FrOm an engineering pOint Of view, the peak grOund acceleratiOn, frequency cOntent and the duratiOn Of mOtiOn
are the three impOrtant characteristics Of the grOund mOtiOn parameters. These characteristics play predOminant role in
studying the behaviOr Of structures under the seismic ground motiOns.

The respOnses Of R.C. buildings are strOngly dependent On the frequency cOntent Of the grOund mOtiOns. The
frequency cOntent (distributiOn Of energy with respect t0 frequencies) Of an accelerOgram is represented by FOurier spectrum,
POwer spectrum and RespOnse spectrum. InspectiOn Of earthquake recOrds (Zhu 1985) has revealed that ground mOtiOns with a
high frequency cOntent in the strOng-mOtiOn phase generally cOrrespOnd tO high a/v ratiOs, whereas thOse cOntaining intense,
10ng-duratiOn acceleratiOn pulses generally are assOciated with 10w a/v ratiOs. GrOund mOtiOns at mOderate distances frOm the
energy sOurce nOrmally have a brOad range Of significant frequency cOntent, resulting in intermediate a/v ratiOs. TherefOre, the
a/v rati0 prOvides infOrmatiOn On the frequency characteristics Of grOund mOtiOns in a statistical sense.

Based On the frequency cOntent (PGA/PGV) grOund mOtiOn recOrds have been classified int0 following categOries-

High frequency cOntent PGA/PGV > 1.2
Intermediate frequency cOntent 0.8 <PGA/PGV <1.2
LOw frequency cOntent PGA/PGV < 0.8

The rati0 Of peak grOund acceleratiOn in terms Of acceleratiOn (g) tO peak grOund velOcity (m/s) is defined as the frequency
cOntent Of grOund mOtiOn. The present wOrk shOws 10w, mid and high rise reinfOrced cOncrete buildings respOnses under 10w,
intermediate and high frequency cOntent grOund mOtiOns.

Il. OBJECTIVES
The Objectives Of the study were-
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1) TO study the seismic behaviOr regular R.C.C. buildings resting On leveled grOund under varying frequency cOntent grOund
mOtions.

2) TO carry Out time histOry analysis fOr different cases by varying the height Of the R.C.C. buildings resting On leveled
ground.

3) TO cOmpare the seismic behaviOr 0f R.C.C. buildings under varying frequency cOntent grOund moOtiOns in terms Of StOrey
displacement and base shear.

I1l. METHODOLOGY

The meth0d010gy, which was cOnducted, is briefly described as belOw:

1) TO cOllect GrOund mOtiOn recOrds and then t0 nOrmalize them.

2) TO perfOrm Time histOry analysis using relevant Finite Element MethOd based sOftware.

3) Building respOnse such as stOrey displacement, stOrey velOcity, stOrey acceleratiOn and base shear are fOund
corresponding t0 grOund moOtiOns.

4) The result Of R.C.C. buildings resting On leveled grOund are cOmpared with respect tO the varying frequency cOntent
grOund mOtiOns.

GrOund MOtiOn Data
The fOllOwing six grOund mOtiOn recOrds having 10w, intermediate and high frequency cOntent are cOnsidered fOr analysis:

[1] 1979 Imperial Valley-06 (HOltville POst Office) H-HVP225 cOmpOnent
[2] IS 1893 (Partl) : 2002 (Artificial grOund mOtiOn)

[3] 1957 San Francisc0 (GOlden Gate Park) GGP010 cOmpOnent

[4] 1940 Imperial Valley (El Centr0) elcentr0_EW cOmpOnent

[5] 1992 Landers (FOrt Irwin) FTI000 cOmpOnent

[6] 1983 COalinga-06 (CDMG46617) E-CHP00O cOmpOnent

Ground moOtiOn characteristics and classificatiOn Of its frequency-cOntent
Epicentra Tm}gftep Frequency
RecOrd COmponent Magnitud | DuratiO e PGA | PGV | PGA/PG COntent
P e Distance n(s) ponse (9) (mfs) \% ClassificatiO
cOmputatiO
(km) n
n (s)
1979 Imperial
Valley-06 0.252 | 0.487
(HOlville POst H-HVP225 6.53 19.81 37.74 0.005 6 5 0.5182 LOw
Office)
IS 1893 1.040
(Partl) : - - - 38.01 0.01 1 '7 0.9609 Intermediate
2002+
1957 San
FranciscO 0.095 | 0.039 .
(GOlden Gate GGP010 5.28 11.13 39.72 0.005 3 1 2.4405 High
Park)
1940 Imperial
Valley e'cewo—E 7.1 . 53.46 0.02 0'2114 0";87 0.4389 Low
(El Centr0)
1992 Landers | 154, 728 | 12009 | 39.98 002 | Q13| 00951 4 1868 | Intermediate
(FOrt Irwin) 6 7
1983
COalinga-06 0.147 | 0.057 .
(CDMG46617 E-CHPO000 4.89 9.27 39.995 0.005 9 3 2.5810 High
)
Ground moOtiOn characteristics and classificatiOn Of its frequency-cOntent fOr 40 s duratiOn
Epicentra Tm:%rstep Frequency
RecOrds COmpOnent Magnitud I DuratiO respOnse PGA | PGV | PGA/PG COntent
P e Distance n (s) pUnse (9) (m/s) \J ClassificatiO
cOmputatiO
(km) n
n(s)
1979 Imperial
Valley-06 H-HVP225 6.53 19.81 40 0.005 0'%52 0'287 0.5182 LOw
(HOltville POst
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Office)
IS 1893 1.040 .
(Partl) : 2002 - - - 40 0.01 1 7 0.9609 Intermediate
1957 San
FranciscO 0.095 | 0.039 .
(COlden Gate | GGPOL0 5.28 11.13 40 0.005 3 3 2.4405 High
Park)
1940 Imperial
Valley e'cewo—E 7.1 - 40 0.02 O'il‘l 0";87 0.4389 Low
(El Centr0Q)
1992 Landers | )15, 7.28 120.99 40 0.02 0.113 1 009 | 4 1868 | Intermediate
(FOrt Irwin) 6 7
1983
COalinga-06 0.147 | 0.057 .
(CDMGg617 | ECHPO0O 4.89 9.27 40 0.005 . 3 25810 High
)

V. MODELING OF STRUCTURE AND PROBLEM DISCUSSION

In Order tO evaluate the seismic respOnse Of buildings with rigid flOOr diaphragms using dynamic (Linear Time HistOry)
analysis prOcedures twO sample buildings were adOpted the details Of these buildings are prOduced in sectiOn. The seismic
analysis sOftware STAAD Pr0 is utilized tO create mOdel and run all analyses. The sOftware is able tO predict the geOmetric
nOnlinear behaviOr Of space frames under static Or dynamic 10adings, taking int0 accOunt bOth geOmetric nOnlinearity and
material inelasticity. The sOftware accepts static 10ads (either fOrces Or displacements) as well as dynamic (acceleratiOns)
actions and has the ability tO perfOrm eigenvalues, and linear dynamic analyses.

Details Of the M0del 1

FOr this study, a 2-stOry building with 2x5 bays and fl0Or height 3.5 m, regular in plan was cOnsidered. This building is
cOnsidered t0 be situated in seismic zOne Il and designed in cOmpliance t0 the Indian COde Of Practice fOr Earthquake
Resistant Design Of Structures. The building is cOnsidered t0 be fixed at the base. The building is mOdeled using sOftware
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Figure 1: Frame (A-A) and (1-1) Of tw0-stOry regular R.C. building (all dimensiOn in mm)

Details Of the M0del 2

FOr this study, a 6-stOry building with 3x5 bays and flOOr height 3.5 m, regular in plan is cOnsidered. This building is
cOnsidered tO be situated in seismic zOne Il and designed in cOmpliance t0 the Indian COde Of Practice fOr Earthquake
Resistant Design Of Structures. The building is cOnsidered tO be fixed at the base. The building is mOdeled using sOftware
STAAD PrQ.
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Figure 2: Frame (B-B) and (2-2) Of six-stOry regular R.C. building (all dimensiOn in mm)
Details Of the MOdel 3
FOr this study, a 20-stOry building with 3x5 bays and flOOr height 3.5 m, regular in plan is cOnsidered. This building is
cOnsidered tO be situated in seismic zOne Ill and designed in cOmpliance t0 the Indian COde Of Practice fOr Earthquake
Resistant Design Of Structures. The building is cOnsidered tO be fixed at the base. The building is mOdeled using sOftware
STAAD Pr0.

TTTrTTrI
B
1.

IJEDR1802081 \ International Journal of Engineering Development and Research (www.ijedr.org) 471



file:///E:/Planet%20Publication/IJEDR/Volume%203/Vol%203%20Issue%202/Published_Paper_V3_I2/www.ijedr.org

© IJEDR 2018 | Volume 6, Issue 2 | ISSN: 2321-9939

H__“_m_m-__—nﬂ ——8

hﬂmmmmmm ram—r) e — S— T RN - 1+ —t—)

!

H_-_“_m_mmm ]

i
!

Frame (C-C) Frame (3-3)

Figure 3: Frame (C-C) and (3-3) 0f twenty-stOry regular R.C. building (all dimensiOn in mm)

Table 1: Gravity I0ads assigned t0 the R.C. buildings

Gravity L0Oad Value

Slab 10ad (dead 10ad) - 3.0 (KN/m?)
Wall [0ad (dead 10ad) - 17.50 (KN/m)
Live l0ad - 3.50 (KN/m?)

Table 2: COncrete and steel bar prOperties as per IS 456

| COncrete PrOperties | Steel Bar PrOperties |
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Unit weight 25 (KN/m®) Unit weight 76.973 (KN/m®)
MOdulus Of elasticity 22360.7 (MPa) MOdulus Of elasticity 2 x 10° (MPa)
PQOissOn rati0 0.2 POissOn ratiO 0.3
Thermal cOefficient 5.6 x10°® Thermal cOefficient 1.17 x 10
Shear mOdulus 9316.95 (MPa) Shear m0dulus 76923.10 (MPa)
Damping rati0 5 (%) Yield strength 415 (MPa)
COmpressive strength 30 (MPa) Tensile strength 485 (MPa)
Table 3: Beam and cOlumn length and cr0ss sectiOn dimensiOn
Structural Element Cr0ss sectiOn Length
(mm x mm) (m)
Beam in (x) directiOn 300 x 400 4.0
Beam in (z) directiOn 300 x 400 5.0
COlumn 300 x 400 3.45

V. RESULTS AND DISCUSSION

Results fOr M0del 1

FOr the mOdel 1 Linear dynamic Analysis (Linear MOdal Time HistOry Analysis) is carried Out with varying frequency cOntent
grOund mOtiOns.

StOrey First SecOnd

fﬂrgt‘:g‘g 1 2 3 4 5 6 1 2 3 4 5 6
Distp('f‘:rf]r)"e” 138 | 1573 | 498 | 17.15 | 1256 | 8.04 | 22.63 | 26.24 | 843 | 28.32 | 21.05 | 12.89

VelOcity | 221.6 | 254.1 | 1012 | 223.8 | 2006 | 1524 | 3545 | 427.8 | 162.4 | 358.8 | 325.7 | 251.1

(mm/s) 5 4 4 6 2 3 2 3 5 1 8 4
Acc(fr'sgi‘)“on 3726 | 4532 | 2548 | 3.650 | 3.201 | 2568 | 6.204 | 7.358 | 4.015 | 5.981 | 5.016 | 4.023

StOry displacement, velOcity and acceleratiOn Of tw0-stOry regular reinfOrced cOncrete building due t0 grOund moOtion GM1 t0
GMB6 in x directiOn

StOrey First SecOnd

fﬂrgﬁgg 1 2 3 4 5 6 1 2 3 4 5 6
Distp('ﬁf;r)“e” 2414 | 1873 | 6.18 | 31.15 | 24.35 | 10.04 | 37.45 | 81.24 | 823 | 47.32 | 37.27 | 14.89

VelOcity | 252.6 | 2541 | 89.2 | 389.8 | 300.6 | 122.4 | 3745 | 387.8 | 134.4 | 582.8 | 455.7 | 183.1

(mm/s) 5 4 4 6 2 3 2 3 5 1 8 4
Acﬁ]‘j;?)“o” 3.236 | 4.232 2'834 3.950 | 3.111 | 2.258 | 6.644 | 7.898 | 4.255 | 5.751 | 5.246 | 4.353

StOry displacement, velOcity and acceleratiOn Of tw0-stOry regular reinfOrced cOncrete building due t0 grOound0 mOtiOn
GM1 t0 GM6 in z directiOn

GM1- 1979 Imperial Valley-06 (HOIltville POst Office) HVP225 cOmpOnent (10w frequency cOntent)

GM2- 1S 1893 (Partl) : 2002 (intermediate frequency cOntent)

GM3- 1957 San Francisc0 (GOlden Gate Park) GGP010 cOmpOnent (high frequency cOntent)

GM4- 1940 Imperial Valley (EI Centr0) elcentr0_EW cOmpOnent (I0w frequency cOntent)

GM5- 1992 Landers (FOrt Irwin) FT1000 cOmpOnent (intermediate frequency cOntent)

GM6- 1983 C0aling-06 (CDMG46617) E-CHP000 cOmpOnent (high frequency cOntent)

Base shear 0f tw0-stOrey regular R.C. building subjected t0 ground m0tiOn GM1 t0 GM6 in x and z directiOn

DirectiOn Base Shear (KN)
X 2750.11 311141 981.81 3350.56 2444.39 1591.42
z 3001.41 2453.82 652.36 3828.29 3018.53 1235.86

Results fOr M0del 2
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FOr the mOdel 2 Linear dynamic Analysis (Linear MOdal Time HistOry Analysis) is carried Out with varying frequency cOntent
grOund mOtiOns.
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Base shear Of six-stOrey regular R.C. building subjected t0 grOund m0tiOn GM1 t0 GM6 in x and z directiOn

DirectiOn Base Shear (KN)
X 3822.94 3199.36 376.88 4164.58 2584.60 539.10
z 2504.07 3043.55 284.34 3587.44 1065.70 392.42

Results fOr M0Odel 3
FOr the mOdel 3 Linear dynamic Analysis (Linear M0Odal Time HistOry Analysis) is carried OQut with varying frequency cOntent
grOund mOtions.
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Base shear Of twenty-stOrey regular R.C. building subjected t0 grOund m0tiOn GM1 t0 GM6 in x and z directiOn

DirectiOn Base Shear (KN)
X 5367.09 2242.74 355.83 6437.29 2215.18 440.63
Z 4608.20 1934.90 338.98 6538.69 2229.92 378.76

Effects Of earthquake frequency cOntents

A 2-stOrey, 6-stOrey and 20-stOrey R.C. building regular in plan were subjected tO six varying earthquake frequency cOntent
grOund mOtiOns was cOnsidered and analyzed using STAAD Pr0. RespOnse quantities like stOrey displacement (ROOf), base
shear were extracted. 2-stOrey, 6-stOrey and 20-stOrey regular RC building experienced maximum stOrey displacement (R0Of)
due t0 10w frequency cOntent grOund mOtiOn in X and Z directiOn and minimum stOrey displacement (ROOf) due tO high
frequency cOntent grOund mOtiOns in X and Z directiOn and medium stOrey displacement (ROOf) due t0 intermediate frequency
cOntent grOund mOtiOn in X and Z directiOn. They experienced maximum base shear due t0 10w frequency cOntent grOund
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mOtiOns in X and Z directiOn and minimum base shear subjected tO high frequency cOntent grOund moOtiOns in X and Z
directiOn and medium base shear subjected t0 intermediate frequency cOntent grOund moOtiOns in X and Z directiOn.

VI. CONCLUSION
The maximum and minimum values Of stOrey displacement, stOrey velQOcity, stOrey acceleratiOn and base shear Of tw0, six and
twenty stOrey regular R.C. building subjected t0 GM1 t0 GM6 in x and z directiOn are shOwn in Table given belOw-

R.C. Building Two-Storey Six-Storey Twenty-Storey

Ground motion (x) (2) (X (2) (x (2)
Max.| Min.|[Max. Min. Max. [Min. [Max. Min. Max. [ Min. | Max. [Min.

Storey displacements| 4 3 4 3 4 3 4 3 11|36 1 3,6

Storey Velocity 2 3 4 3 4 13,6 4 6 1136 4 (3,6

Storey Acceleration| 2 [ 3,6 | 4 3 5 6 4 6 | 4 |36 4 (3,6

Base Shear 4 3 4 3 4 3 4 3 4 3 4 3

1, 2,3, 4,5, and 6 represents the grOund mo0tiOn serial number
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