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ABSTRACT

AEngineering is a professional art of apply
resources for the benefit of man. Engineeritigerefore,requires above all creative
imagination taheinnovativeu s ef ul appl i cation for natur al
Journal of Engineering Research & Technology (IJERT), Vol. 3 Issue 3, Ma2@h4).

This work implemented to compare two codes, American and Australian by designing a
sixty -floors building using reinforced concrete structure frotihe economic pointof

view. Two critical structural codesadopted, ASCE7 16 and AS170. These codes
compared in term of strength design necessities of structure elements and the shear design
included as well.

During this study,calibrationand elaboratiorof the models adopted along with the
criteria consecration revealed. Though the main princgnle the samand the seismic

zone will moderatethe details werdifferentand made the comparisomccuratéy, the

analysis implemented via ETABsftware from CSCompanyestablishedn the USA.

This work will show the development of the Australian code especially for the earthquake
loading using the AS117Q.2007. The Australian engineers established mesponse
spectrum design contarm better illustration of the acceleration, displacement and
velocity for the type of site soil (soft and rocK)he used procedure to establish the
spectrumcould use in another country which Baa low/ moderate seismicityThe
AS1170.4 used a tiered approach for the earthquake load startingifne force to
compicated displacement methodne of the significant advantagef this method
especially on the low seismic zone is gitbe engineers to design against the vertical

and wind loads then perform the displacement checking for the earthquake impact.

In parallel, the ASCE 16 deliver the all the possible design requirements for general
structures along with the dead, live, gndlood, rain, soil, wind loadand atmospheric

ice with the proper combinations which is fit for the building code. The standard is a
revision of ASCE7 10 which is a revision of ASCE5 respectivelandit's providing a

full update and rarranged offte wind load. Also, it has a new ultimate wind load maps
along with theeduedload factorandit has an update on the risk targeted seismic maps.
This standard i& comprehensivand important version as a part of the building codes

which areusedin theUnited States
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Symbols

T; = the fundamental period of the structure in the
direction under consideration
Tpn = effective period. in seconds, of the funda-
mental mode of vibration of the structure at
the design displacement in the direction
under consideration, as prescribed by Section
18.4.2.5 or 18.5.2.5
Ty = effective period, in seconds, of the funda-
mental mode of vibration of the structure at
the maximum displacement in the direction
under consideration, as prescribed by Section
18425 or 18525
Ty = peniod, in seconds, of the residual mode of
vibration of the structure in the direction
under consideration, Section 18.5.2.7
Ve = design value of the seismic base shear
of the m™ mode of vibration of the
structure in the direction of interest,
Section 18.4.2.2
Viie = minimum allowable value of base shear
permitted for design of the seismic force-
resisting system of the structure in the
direction of interest, Section 18.2.2.1
Vi = design value of the seismic base shear of the
residual mode of vibration of the structure in
a given direction, as determined in Section
18.5.2.6
W, = effective fundamental mode seismic weight
determined in accordance with Eq. 18.4-2b
form=1
Wi = effective residual mode seismic weight
determined in accordance with Eq. 18.5-13

8, = elastic deflection of Level i of the structure
due to applied lateral force, fi, Section
18.5.2.3

8,y = fundamental mode design deflection of
Level i at the center of rigidity of the
structure in the direction under consideration,
Section 18.5.3.1

By, = total design deflection of Level i at
the center of rigidity of the structure
in the direction under consideration,
Section 18.5.3

Oy = total maximum deflection of Level i
at the center of ngidity of the structure
in the direction under consideration,
Section 18.5.3

Gyes = residual mode design deflection of Level i
at the center of ngidity of the structure
in the direction under consideration,
Section 18.5.3.1

8. = deflection of Level i in the m™ mode of
vibration at the center of rigidity of the
structure in the direction under consideration,
Section 18.6.2.3

Ay = design story drift due to the fundamental
mode of vibration of the structure in the
direction of interest, Section 18.5.3.3

Ay = total design story drift of the structure
in the direction of interest, Section
18.5.3.3

Ay = total maximum story drift of the
structure in the direction of interest,
Section 18.5.3
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c(n
C(Ty)

Cul(T)
Co(Ty)

Cu(7)
CuTy)

C(T)

C‘rd( -T}
Cu(0)

b

= 5 =

S35 F

=

We

= elastic site hazard spectrum for horizontal loading as a function of period (T)

= wvalue of the elastic site hazard spectrum for the fundamental natural period of
the structure

horizontal design response spectrum as a function of period (T)

= horizontal design action coefficient (value of the horizontal design response
spectrum for the fundamental natural period of the structure)

= spectral shape factor as a function of period (T') (dimensionless coefficient)

= wvalue of the spectral shape factor for the fundamental natural period of the
structure

= e¢lastic site hazard spectrum for vertical loading, which may be taken as half
of the elastic site hazard spectrum for horizontal loading (C(T))

= wertical design response spectrum as a function of period (T)

bracketed value of the spectral shape factor for the period of zero seconds

component ductility factor
structural performance factor

period of vibration, which varies according to the mode of vibration being
considered

fundamental natural period of the structure as a whole (translational first
mode natural period)

period of vibration appropriate to vertical mode of vibration of the structure
horizontal equivalent static shear force acting at the base (base shear)
horizontal equivalent static shear force at the ith level

sum of the seismic weight of the building (G + w.0) at the level where
bracing is to be determined and above this level, in kilonewtons

seismic weight of the part or component, in kilonewtons
seismic weight of the structure or component at the ith level, in kilonewtons
seismic weight of the structure or component at level j, in kilonewtons

seismic weight of the structure or component at the mth level (upper level), in
kilonewtons

total seismic weight of the building, in kilonewtons

ecarthquake hazard factor which is equivalent to an acceleration coefficient
with an annual probability of exceedance in 1/500, (i.e., a 10% probability of
exceedance in 530 years)

structural ductility factor (¢ = mu)
stability coefficient

earthquake imposed action combination factor
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CHAPTER ONE

INTRODUCTION

The purpose of this work is to compare the current Australian seismic design provisior
(AS-1170) with the American code (ASEEL6)

Structuralengineersreusingthe design code of each countryotatainthe data and design
procedure for differenstructual elements. Therés notably differencesbetween these
codes which depend on the country circumstascel as weather and earthquake zone
theseverities can be found in the recommended load adboevaluate the resistance
elements secti@and also some codes asking for more durability requirements.

To reduce the consummation of timatulal materialsalong with the best sustainable
developmentit isour duty as scientific searchers and civil engineers to havedkiEnum
structure desigwith the minimum usingf materialswith no mitigationin safetyaspect.

The construction field is the mosital cause of energy consumptiand carbon dioxide
emission. TheUS Green Building Counci2008 mentionedconstruction field cause 40%

of the globaknvironmenal problem Forthat,acomparison between the American and the
Australian codes (ASCE10and AS1176@1) deliver appreciated understandings into the
sustainable design of the structurébis work containsa comparing case stydocusng

on assessing thdiscrepancies loads, factors, and resistance values specified in codes.

(Mourad,2015).

A comparison between three codes (American, Britain, Bggpt) implemented by
Bakhoum and Shafiekhe study focusd on loads and strength resistance of elements
sectionsanother case study implemented by Nandi and Guha how compared the Europ
codewith Indian code based on materials properties and limrelodir areaof several

elementssectionsalso they compare formulas for computing the ultimate capagity.
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comparison between Egyptian code and Euro code by desigriog-story reinforced
concrete building done by EIShennawy et althe comparison appliedbased on
environment and economic impact. There is another comparison adopted based on flext
consideration only between the American and the Egyptian dnpdewileh et al The
conclusionwas, Egyptian code has more safety factban the American. Nevertheless,
thedifference is insignificant for live/dead ratio which is more than four. Tabsh published
a comparison between American and British codes based on Flexural, axial compressi\
strength, and shear for structure membeosi@lwith checking different sections while
adopting a different ratio of Dead/ Live. The conclusion was, the Americarhesdenore
significantsection and more reinforcements thia British code a comparison between

the Egyptian, Euro code 8, and ftumiform building code) UBC implemented by Hassan

et alfor the seismic load effects whiakere concentrating on calculating lateral forces,
reduction factor, ductility needs, and the applicable design accelerBa#thoum has
adopted a comparisdretween the European, American, Egyptian, and Japanesef@odes
thedesign of the bridgeandtherewasa massi difference between the codes especially

in the values of the traffic actiordowever, this substantialdifferent reduced while
considering tb permanent action values. Also, he compared the used loads in designin
the railway bridges such as vertical, dynamic, longitudinal forces, and the fatigue impact
Moreover,Bakhoum compared the requirements of the service limit state for the bridge
desig using the mentioned codes. This work will focus on the dynamic forces and usec
design rules for a highise building considering seventy floors building with all the
necessary elements such as columns, shear walls, and beamthesmgntioned codes
with the same materials. Tikfference between the two codes during the design stage
highlighted This study intended to deliver a clear vision for the applicability of mixing
codes and a comparison for the factor of safety as {#gblied Technology Concll,

1978.
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1.1.

1.2.

Research Significance

The seismic analysis and design to stand against earthquake effedise chtainedoy

using the proper strength, stiffness, and ductility.do s there are several calculation
methodssuchRESPONSE SPECTRUMETHOD (smooth methods)[IME HISTORY
METHOD which depends on the actual collected data from actual earthquakes, an
EQUIVALENT LATERAL FORCES ELF which can calculate the adopégeralinertial
forces extracted from thground wave motions

The current codesgreed,the lateralforces actionsusually are subjected to the dynamic
actions of the elastic structure system. Thus, when the busdibgctedo an inelastic
failure as a result of an extreme earthquake strike wihdesnot complywith the designed
code, the building will be not as the ideal structure properéied that will cause a
deformation in the building whioteausea potential failure or unforeseeable consequences.
Seeking for the besstructurer efficiency created many design procedures. Shece
implemented techniques contain a massive computational process and limitation
requirementswith difficulties to calculate the approximate expressions to enhance the
structure resistance, the demand to create traditiqmiahisationdesign procedures che

obtainedby the solution of the elastic system with static loads.

Research Objectives

As known, the concrete is commonly used in all the new structures and infrastructures sin
it hasincredibledurability and it carbe fitin any size and shapedesignedAlso, the low

cost can be one of tleeucialadvantage

The primary objective of this workmakesa seismic design comparisdietween the
Australian and American codes with the current requirements for each code.-Askigh
building contains sixty floors will badaptedto face a differ provisions of seismic load
using tle mentioned codes.
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1.3.

Below, the main aspects will be studied:

Examine and compare tleeismic desigrprovisions for the American society of civil
enginees ASCE7 published in 2016 and the Austrakegi1170 code.

Specify the seismic loads for the sixtyors building The used design spectra, response
modification factors, and the seismic design parameter are extracted from UAE/Dubai zon
and used in the seismic design loads.

Comparing theseismic desigtoads whichareestablishedrom the consideredocles
Assess the effect of theverstrengtifactors and the accelerations spectral onsgismic
designloads.

Recommend updates for the current AustralianlA30 seismic design provision as

defensibleasthe result of this research project.

Case Study

With the purpose to assess and evaluatéhtbereticaloutcome of the mentioned ASCE
and AS method, a case study of 210m vertical heigltirelesymmetric building with
shared podium implemented to compare the two codes outcome.

The building is aseverty floors tower assumed toe constructeth the UAE regionThe
typical plan is three Lshaps planted on ten story of podium plan witmparalleled
alignmentwhich isnoteworthy. Reinforced concrete waligplemented along with exterior
I-sectioncolumns framesand shear wall®r each level. The slabs assumed to be a hollow
core slab with thickness 330mm and 10mm as a topping slab (seelf)jg8teucture details
already found in appendix A.

ETABs software moduleshave beenmade implementing allthe provisions and the

requirements of each code.
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Figurel.1 Typical plan of the tower
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Chapter Two

2- LITERATURE REVIEW

The significalwe of this chapter is to discuss the historical earthquake of each code
(Australian and American)Mainly, this chapter will go through the seismic history
structural response spectrum explaining all the differences betwevotbedes and how
each code deal with the earthquake resistance andhible theory of each code which is
based on the analgsof real events occurrezh the history and how each code started

developing his criteria and the relationshgtween the codes as well.

2.1.SeismicHistory: -

For the last hundred years, Australia faced an average one earthquake above the fi
Magnitude every year and six every five yedrast of this eventwas nat notable,and
others caused physical damagésch the historical records of these events conted as

a source omodellingthe seismic hazard map.

While in America inearly1900, the earthquake consideration was minor in building design.
Although many earthquakes occurred in the united states such as Cap Ann in Boston 17¢
New Madrid 1811,1812Hayward California 1868, and Charleston 1886e building

designwasnat changed to resist the earthquake effatthe time.

The Australianearthquake design code establislresn 1920 to 1930At the time the
earthquake design limited by taking t@er cent of the building load and apply it
horizontally into the building considering it as the lateral force of the structure uniformed
applied along the building heighthe strong ground moticaccelerograpmvented at the
beginning of the sixties whicis recording the ground motion created by the earthquake.

Installing these devices in the buildingvariedfloors makeit possible to estimate and
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realize the structat dynamic response during the earthquake tirhie the main changes

in the Americancode occurred after the San Francisco earthquakel906 which caused
massie fire in the city withmassive number of casualties (three thousand deaths) and
destroying most of the buildings, this event considered as the deadliest happened in tl
USA. Steel buildings were the most noteworthy of the perfect act especially which

connected by rivets and using the Chicago type.

AS2121 79wasthe first Australian seismic code, the seismic design provisions of the code
starting from the explanation dhe threedimensionaldistribution of seismic hazard,
actionsdemandand detailing requirements covered in this cateethe zeraones were
covering most othe cities the impact of the code was below the expectation of the

engineers.

So,in 1989 an edhquakehit north N.S.W caused eleven lives with huge physical damages
and it specifiedas azerchazard area. The reaséor this fatal error was because the
engineers depended on seismic modelling activities and the monitoring of seismological u
to 1980. The University of Melbourne came up with the response actiorthebuilding
during an earthquake seismic effects research. Even though, the Australian code AS1170
1993 basedon the uniform building code UBC91 form thénited StatesStandards
Australia. (1988)Earthquake loadsAS 1170.4. Homebush, Sydney.

On the other hand, the creatibe SanFranciscoDepartmenbf the ASCE 1907 assessed
the earthquake effectsim-depthdetail. Itnoticedthat designing a structure with a sbit
system of bracing wind load at 30 Ib&? can withstand the earthquake stressafely
which was the first standard of providing an earthquake resistance design in the US. Sar
Barbara and Tokyo earthquake 192923 stimulate main research efforts which directed
to create and develop the first seismic actions record equipment in order to assess t
earthquake effects on structures and the boards devotegbtinga provisioningcode of

design earthquake resistantater on, the UBC1927published and it was the first time
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that US codecontainsan establishment of earthquake effects and resistance design

(International Conference of Building Officials, 1927)

The Australian engineers uste adequate and the aa&t motion earthquake records as
input datawhich gave more realistiaboutbuilding behaviar. In recent days, helastic
combined time history analysis sets which indicated that many structure designs previous
couldn Gdsist the earthquake effects and it might caeseredamageand maybe collapse.
However the periodical inspection for the exisdructureshows that althoughhese
building doesnat design to resist the earthquake effeittsloes not necessarily occwa
collapse or severe damage in case of earthqoekes. The structual strength can be
obtained not onlythrough the building degradation like 4elastic distortion, many
structures stanrdp against earthquake wigttonomicrepairing. Nevertheless, structure
subjected to higktrength losssoften turn out to benstable and oftedistorted

Based on thait wasessentiato change the design procedure by confirming the glastic
strength retention is one of thatical parametes to ensurethe building is safe during the
earthquake impact. By the time, some pelasticcalculation methods becarpeefeable
than others since is easy to combine the Helastic expected distortiowhile the other
calculation were highly sensitive to the quick distortion @sailtingin a collapseCurbing
these calculation methods by appropriate detailing is pos3ibézefore, he influenceof
succasful recent earthquake design is relying on structumaesites detailsn order to
identify and comply with the postlastic requirements anexclude theformation of

unwantedesponse modegStehle, J.S., Goldsworthy, H.M. and Mendhs, 200).

The desired calculation methodkich aresuitabk enough to stand against thermal live

load with no damageanresist the substantial-glastic distortion with less noteworthy
losses in strength or load capacity. These types of calculations found to be involved in th
moment response for the desigmdeiment nonatterwhat is the materials of the elements

or the connection type.
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On the other hand, the undesired palastic calculations methods inside the structural
elements take a brittle specification along with a shear failure in the steel reinforcec
concrete column, failure in the steel bonding, and tensilddiathe britte elements like
under steel concrete atiehbers.The global response calculations methods contain the
progress of thetory-soft in the structure especially wherdlastic distortion requirements

to be focused which make a high demand for the resisbitiéypdor elements inside the
zone or other structureshich isirregular,and these will not simplify in the modelling

design.

After the Newcastle earthquake 198% enormous numbef engineers from different
disciplines along with the Geoscience AaBr made research on the earthquake effects
along with theUniversity of Melbourne. Another investigation held by tbeiversity of
Adelaide for the usreinforced masonry walls, these three sustain works along with many
other groups in Australia focused ¢the Australian seismic conditions which developed
significantrevisions along the world especially for the lovoderate seismic countries.
In1990 the establishentof the Australian Earthquake Engineering Society along with the
yearly conference gives lawowledge and research exchanges which create a strong
relationship between the earthquake world institufBse AS1170.4.2007version
depended on the 1993 version for the seismic hazard maps which depended on the lo
geol ogi cal buil ding informationods and
earthquakes.

In 1939, an earthquake attacked the south of California andhbeldwuilding distortion

was the mostritical facet but luckily it happened after the school timiA§er a broad
investigation, new regulations of the earthquake design especially for schools created whic
introduced a new engineering philosophy of tldding impotence factor. Additionally,
California restricted to construct structures without reinforcements which adopted for all

the highrisk zoneafterwards Later,significantactions have been taken in California with
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local engineers to draft a prision region seismic design for LA and S. Francisco 1943
1948 developing these codes was simplified throughout the El Centro Earthq94ke
Also, it was the first time of recording the ground motiondagelerograph. (Mourad,

(2015).

The ASCE S. Frarisco and the north California engineering association gathered in 1951
and publ ASOE &dceddingSeparate No. 66. Separate666 whi c h wa
milestone papers of the earthquake provision design. After that, the Structural Engineel
Association ofCalifornia SEAOC published tHeuggested Lateral Force needss called

the Blue Book from SEAOC which became a milestone paper for updating and growinc
the provisions of the seismic design in Uniform Building Code UBC which is used mostly
in thewestof the united states. The blue book updated regularly up the end of 99th whick
adopted in the UBC as well.

Anchorage and San Fernando Earthquakes 19841 were essentialoccasions which
show a substantialproblem for the undetailed ductility reinfocteconcrete buildings
behaviour Which occurred aignificantdistortion in these types of structures and that was
not accepted by the engineers. Later, the Applied Technology Council ATC cesated
innovative provisionof earthquake desigmd A T C06, 3Tenative Provisions for the
Development of Seismic Regulations for Buildings 1 Wific® & now the fundamental

of the new standard.

More than ten thousand people died and huge distortion in buildings because of the Mexic
City earthquake 1985he essentiafacets was theentreof the earthquake two hundred
miles from the city. The reasdar that was the geological nature of Mexico City which
containsan ancient lake bed of mud and soil clay which created a ground motion stretche
more than usual. This type of ground motion caused damages more tleaertdg and

tall buildings because thedmiildings were in resonance with ground motion which
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requred to add the site factor in the seismic design of the buildings. American Society o

Civil Engineers, (1907)

The Northridge earthquake1994, cause 57 deaths and over twenty billion dollars of lose
The consideral® repair damage costs highlighted thecessityof involving the total
structure performance along with the falling of structures and drive the engineers to mov
to the PerformaneBased design. This earthquake discovered the oristal event to
unexpected distortion of the steel moment fabuilding while itexpectedhatit is the
system to resist the seismic effects. Still, several buildings had cracks in the welds are
which linked the beams to tlselumn Directedtoo many years of studying and improving

the steel moments frame performance against the earthquake.
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Specetral Aceeleration, S, (g)

Period, T (s)

Figure @.1) response spectrum of ground acceleration for different damping percentage

It assumedhat structure has an elagbehaviour It mentionedpreviously that the ordinary
buildings could strain outside the limit of elastic in reacting to the ground motion
earthquake which is different from the other stress actions types. So, strain not allowed 1
reach the limit of elastic for economic purposegure (1.6) illustrate the maximum
response acceleration for 1g (acceleration because of gravity) for building having evenl
low damping. For evenlgignificantseismic and also for building stand against the lateral
action contain a strength of latesshtic about 20940% of the gravity.

The meaning of the dynamic type of ground earthquake shakirgigeificantpercentage

of motion energy possible to waste by the inelastic distortion when the building is ductile.
and a few distortions acknowledgechelbelow figure (1.8) used to show tessential

different by wind and seismic loads. Figure9lillustratesthe column when W is
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tremendousand cantilever beams when W is minor. Displacement created after a wind
pressure impact the building and while thround motionmpactsthe building created a
displacement as a resoltthe mass above and base foundatmathat produced internal
forces. Movement @lisplacement) consider as an independent variable while the forces
called thesecondaryputcome baskonthat two plots extracted independent oraXis and
dependent otheY -axis So, Figure (1.8, b) illustrate thespons¢o force for wind (weight

of gravity) and Figure (1.8, c) illustrate displacement from seismic effects.

Deformation of building bgond the elastic limit called ductility, different materials besides
different structure arranging can cause different ductility. Doherty, K., Griffith, M.C., Lam,
N.T.K. and Wilson, J.L. (2002).

In general, the response acceleration lmamitigatedby a factor equal to the ratio of the
ductile for the building who have a long natural period whilies essentiafor the short
natural period exactly like the elastic buildings withimacreasen the displacement. For

the intermediate natural periodiilsling and this is almost all the building using it, the
response acceleration is mitigated while the response displacement is like the ductil

building like an elastic building havanoughtoughness to resist the seismic with no yield

Dasplacement
control

Force

control

'
Hy Hyp Ay

Figure @.2) ForceMeasured StrengthgainstDisplacement Measured strength
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The inelastic response is very complicated. The seismic ground motion contains a
essentialnumber of reverses and reappearances of the strains. So, the remarks of tt
inelastic characteristic of elements, materials, or system stand against growing loads till tf
failure possible to benisleading The repeated deformation can lead to failurgtiffness,
strength, or togethed thesesystems who confirmed the ability to resissignificant
number of cycle distortions approved to usggaificart portion of their maximum ductile

for the seismic design resistance.

Almost all the buildingdesigred and analysedor earthquake response Miang elastic
study with building strength which is bounded by the toughness at its dangerous positior
Most building so complicated which make the make strengthof the building ductility

is not accurate by this type of estimation. Below figure (1.9), is figure illustrate the
relationshipbetween the actions and displacement fstaadardrame?The yield should
create four positions before the peak resistagaehedd theboundary between first yield

and peak strength called owv&rength, which is very important in the ground motion
resistance. The American coaléowsdoinga redistributingf the internal forcegApplied

Technology Council, 1978

Maximum Resistance
H“ ——1——————————————__—__—-.0—-

A

L —
b 1 A -
10 10 5 B - Y L7 v
L] 100 < | /
=
1 \ /

,’k- — Overstrength

a) Structure: b) H- b curve

Figure @.3) relation between the actions and displacememntdamalframe
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2.2.

Finally, el ements features are very vital t
ductility, damping, over strength,reaturalperiod whichis subjectedo the stiffness and

the bulding mass, and the resistance constancy when frequent reversals of inelasti
distortion occurred. The first fours elements are subjectedgystamof the building and
not to the shape aondd ans R eoetainthE bver steeogduttility, c i €
and resistance stability which is proposed to be a conventionally low estimation of the
decrease of response acceleration in the system ductility from an elastic oscillator with
specific damping degrewhich is adaptedto calculate the strength. The displacement
calculations depend on the ground motion factored by R to reduce the real displacemer
Ductility Cq proposed to be the necessary amplification to trangkstic response
displacement calculate to decreasethgr ound mot i on t @prdapbsed r e

to bring a high calculation of the highest force created in the building.

Structural Responseand Earthquake PhenomenaResearch -

The major studies in Australia foabon thepostelasticbehaviourand response of the
structures which designed for the typical actions (dead, imposed, and wind loads) withot
taking the seismic earthquake actions into the considerations. Starting from the AS1170.
93inward the researchers directibdir attention on evaluating the ductility displacement,
overstrength resistance, patterns fail, aadenly focused on the capacity displacement

for severaldivers structure elements and systems by adopting experimental and analysi:
methods. Recently, improvintustrative nonlinear pushover curvatures became essential
for differ structure system® combineit with the capacity spectrum method (CSM) as
suggested in ATEO0, 96. The CSM delivers a quick assessment method to evaluate the
structural systems perfoance againsexciting earthquake event3he demonstrative
seismic earthquake in Australia cdefinein response spectrum terms along wigal

period returns by using the model created by Wilson and Raos
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The buildings whicttontainsoft-stories identified as weak and the collapse possibility is
highly expected with severe damages wiheéssubjectedo anearthquakeDespitethis, it

is normalto find this type of buildings in the loywoderate seismic zones like Australia.
Programresearch conducted to evaluate the dead, imposed, and lateral actions along wi
the capacity of the displacemenitthe reinforced concretstructureswhich have a soft
story. The displacement model calculates the impact of the moment, vertical compressio
shear, pier end turning, footing flexibility and the deformation of the plastic pivot. An
experiential program is running to assess the correcamesdependability of the current
analysis model. Based on these studies, many of these structures which haastaaysoft
unsuccessful with moment ductility limit (instead of brittle shear fail) through drift story
capacityabout twopercentonly. An evalationof the capacity displacement aseismic
displacementequirements recommended that a lot of-stdty structures on shallow soll
and rock locations can endure earthquakes effects with periods return arotmahfived
years.

In 2003, Griffithset upa pioneering retrofit system to enhance the capacity drift of the
soft-story buildings. The systehasimplementing FRP or steel plateso the moment area

of the pier with bolts. Assessments specified that retrofitted piers create a capacity drift
more than 2.% with analysis models telling that tparcentof the capacity drift cagain
Standards Australia. (198&arthquake loadAS 1170.4. Homebush, Sydney.

Large experiential anglystens analysis study program implemented to assess the seismic
behaviourof the reinforced concrete long beams buildings. The studies of the sub
assemblage test showed that this type of buildings which designed for the dead and impos
actions only along withhieleastdetailing needs in Australia had a capacity @iifout2.5%
before reducing the strength of the lateral capacity.

A pioneering technique of disconnect nonstop top reinforcement in the group beam in lin

to the pier proved that the level of damadeng with large driftgould reduce
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Another experimental and analytical assessments implemented for concentrically brace
steel frames CBF in specific, connections of crosswise braces and pier considered to sta
against elastic wind action and withaile seismic actions with owstrength and falil
mechanismThe research found the connections are vulnerable than members in case «
adopting the overstrength factor of the weld connections is about one and a half. This fail
occurs throughout the weld lowaycle failure cracking which causeditigation in the
displacements capacity of the system. The research was about the retrofitting cost impe
which indicated some potential.

Precast concrete lowise buildingbehaviourinvestigated by Robinsoet al, 1999 This

type of structurds widespreaduse for the flats accommodation building whicés a
weakerconnection than the precast element itself. Based on the study, as much as tt
connections are strong, the ductile capacity and the drift capacity will have incireased
one to three parent based on the connection length embedmeheiitoor slab.

Also, the domestic structure performance against the seismic load investigated by Gad
al., 1999, 2000 The investigation mentioned the netrtucture plasteboard involved
important lateral strength of tlemtire systemOn the other hand, the veneetlad brickis
notessentiahnd will collapse after the shake. This investigation recently extended to check
the thresholds damage under low level of vibrat{&behle, J.S., Goldsworthy, H.M. and

Mendis, P., 2001).

A creative displacemenbasedmethod to evaluate response -ot#plan for masonry
buildings recently created by Griffith.Common basdorce calculation method shows
defensive andinreliablein expecting masonry walls failurBisplacement method usas
tri-linearformula todescribeactual nonlinear displacement forces attitude atdmwnin

the extensie experimental systematic program.

Generaly, there are many analytical studies implemented to investigate the structura

system behaviour. These investigations included; reduction ductility factor for designing
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building against seismic effects, damping equivalent ratio in frame structures which
desgned asa reinforced concrete structure for combinatida structure technique for
response seismic displacement calculations,ragldstic torsiorresponse of structuseby
thedisplacemenbasednethod.

In the United Statesbasedon scientist'soelieve the earthquakdappened due to tectonic
movementsSurface movements identified agault. The siddenmotion created an energy
strain whichcauseseismic inthefault zone. The mentioned waves caused ground shaking
whichis consideredh the degn. A sudden ground movement found in surface around the
fault intersects, during this phenomenon, many effects occurred such as ground deflectio
sliding, and liquefaction which encourage the designer to enhance the soil to resist the:
effects.

A major earthquake in thevestof United State®ccurred inthetectonicborder while east

and centreof the United Statesoccurred inthe different zone whichmakesit hard for

e n g i naetieipatso® and nearly impossible to draw a seismic if#ggplied Technology
Council, 1978.

Seismic magnitude reduced significantly frtme earthquakeentre Also, the attenuation

rate is small in low frequency than high frequency. Seismic hazard estimated based on thr
limitations; high motion frequencysSmid-frequencyS; (both are based statistic analytical
seismic evidence), and last one is low motion frequency with extended peréodi hot
related to robust analysis. Basically, theretarm@ sources to determine seismicity the
citrine zone; historyrecord and geologic records, since earthquad@snat frequently
occurlike snow and wind effects, history recom@®unreliable to use it alone which lead

us to useboth sourcesGeologic records data needgjoodunderstandingandit is used
commonly to enhance the seismic knowledge. In several places, these data develop
normalcy and thewo datasets used to draw ground shaking seismic provision maps. These
maps developed since then and many criteria added to maps. Before 1997Iid€ isaiety

duringtheearthquakevas the foundation of design by taking 10% as a likelihood of occur
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in 50y e a r s Whilet nextinedition considered avoiding collapse during the maximum
considered earthquake MCE by taking 2% as a likelihood@irringinthe50y e ar s 6 t
New codedesign based on 1% as a likelihood of occurirbthe e a r s 6 convientianal f o |

structuresDoherty, K., Griffith, M.C., Lam, N.T.K. and Wilson, J.L. (2002).
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Chapter three

3.BUILDING MODELLING AND ANALYSIS

To establish a realistic comparison between the ASCE7 and the AS1170, its necessary
analyseand desigra building using the mentioned codes and compla@eoutcomeshis
chapter willbe designatedbr this purposeln both codes, using the static and dynamic
analysis is essential as mentioned later. The analysislgdibe basedon two zones, the

first zone will be in USAIndio city and the second in Australi@ydneyKatoomban the
moderateseismic zone with similar circumstances to illustrate a ceaipaison Each
analysis will contain; calculating the base shear along with the forces story, the regular ar
irregular torsion, Rlelta effects and drift, the orthogonal forces and load caetibin.In

generalashearwalls system will be used.

Seismic Design Approach:

The general approach loothcodesis desigeda structure against an earthquake effeygts
consideing several points; determine the plastic hinges points for the building
implemening mechanism of thetructurein each zonegdeterminethe elementscapacity
inside the plastic hinge position to resist all the possible loads (dynamic and static)
determinethe region to provide proper details to eliminate the behaviour sifastic,
determinesuitable over strength magnitydend the outcomes mulse adjustedto allow
deformationto occur in the joint location only.

Different betweenearthquakéoadsand othes is dynami¢ wind load considered agatic

in most structures Loads inside building becameressureloads instead of mass
acceleration. Nevertheless, duringearthquakgestructure above the ground will niog¢
subjecte to forces. Strains and stress inside the building will develop from the dynamic

response of the base motion. Though most of the earthquake engineers using the Equival
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lateral force ELF which is ataticmethod, knowledge of shaking theories of iudding

is mandatory(International Conference of Building Officials, 1927)

Site Response Modellingand Miccbonat i ond s :

Both codes have the same categories of the soil classificaibanthe footing on level

30m and above. In case of lack in this information, proper soil characteristic is allowed tc
be valued by the recorded design expert to make the soil report rely on recognized geolog
settings andin case thera r eemdugh details to specify the site class, its recommended
to take it D or if the authority/ geotechnical information required E or F. the ASCE7 code
prohibited to assign A and B in case the foundation fugednsoil have only 10.1m to
reach the rook levand itsvice-versafor the Australian code as showndhapter 4 and 20
from the ASEC7.16

The Australian coddefinesthe site classification based on the depth and type of soil, which
specify the dynamic stiffness and period of the site. These two factors aréniaeykey

to specify the dynamic response features and the soil damping, the resistance contrast w
original rock, grade of nonlinearity as welRodsin, K., Lam, N.T.K., Wilson, J.L. and

Goldsworthy, H.M. (2003).

Site Class v, Nor N, 5,
A. Hard rock >5,000 ft/s NA NA
B. Rock 2,500 to 5,000 ft/s NA NA
C. Very dense soil and soft rock 1,200 to 2,500 ft/s >50 >2,000 psf
D. Stiff soil 600 to 1,200 ft/s 15 to 50 1,000 to 2,000 psf
E. Soft clay soil <600 ft/s <15 <1,000 psf
Any profile with more than 10 ft of soil having the following characteristics:
—Plasticity index PI > 20,
—Moisture content w > 40%,
—Undrained shear strength s, < 500 psf
E. Soils requiring site response analysis See Section 20.3.1

in accordance with Section 21.1

For SI: 1 ft/s = 0.3048 m/s; 1 Ib/ft* = 0.0479 kN/m’.

Table @.1) (AS1170.4) the classification of the soil dibe class ¢
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Soil type and description

Property

Maximum

depth of soil
Representative undrained | Representative
shear strengths SPT N-values
(kPa) (Number) (m)
Cohesive soils Very soft <]2.5 — 0
Soft 12.5 - 25 — 20
Firm 25 - 50 — 25
Stiff 50 - 100 — 40
Very stiff or hard 100 - 200 — 60
Cohesionless soils | Very loose <6 0
Loose dry 610 40
Medium dense 10 - 30 45
Dense 30 - 50 55
Very dense >50 60
Gravels >30 100

Table @.2) The classification of the soil site

Strong Rock

Ae (0.8Fa) (0.8 Fv)

Rock

Be (1.0 Fa) (1.0 Fv)

Shallow Soil

Ce (1.25 Fa) (1.4 Fv)

Deep or Soft Saill

De (1.25 Fa) (2.3 Fv)

Very Soft Soil

Ee (1.25 Fa) (3.50 Fv)

Table 3.3 SubSoil Class values as per the AS117@d07

The American codés usng the below values specified using online or Figured 2ihd

22-2 from the ASCE7,16the Risk values Ss & Sé&et the Maximum Considered

Earthquake MCEmotion Ground limit with 0.2 &1.8econdsind 5% of Critical Damping

for soil B class.

Implementing theusual method to get the proper response acceleration limits for the

specific site class else than B clasg& & to be revisd in line with sec.11.4.3[herevision

implemented by Fa & Fv coefficients to scale these values faitdhather than B Class.

The revised MCE acceleration response spectra for specific site clas& Swvs for 0.2

&1.0 sec.To be modified as per tables 1114& 2 from the ASCE7 (table 2.13&14) and
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then using the equation below which is from the same section, the: Kd€CEe 0.2 and

1.0 sec. fas and Su: respectively can be found in EQ. (1.17&18).

Sus= FaSs EQ.
(1.17)

Sw=FRSt EQ.
(1.18)
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CHAPTER 22 SEISMIC GROUND MOTION LONG-PERIOD TRANSITION AND RISK COEFFICIENT MAPS

DSCUSSION

Maps prepared by United States Geological Survey (USGS) in
eollaboration with the Federn] Emergency Management A gency
(FEMA =funded Building Seismic Safety Council (BS5C) and
the American Society of Civil Enginesrs (ASCE). The bacsis is
explained in commentaries prepared by BSSC and ASCE and in
the references,

Ground motion valees contoured on these maps incorporate:

= i turget risk of structural collapse equal te 1% in 50 years
Based upon a penerie sruchoral fragiliy

= factor of 1.1 o adjust from a geometric mean to the
maximm response regardleds of direction

= deterministic upper limits imposed near large, active fauhs,
which are taken as 1.8 times the estimated median responss
o fhe characteristic earthquake for the fault (1.8 iz used to
represent the B4th percentile response), bat not less than
150% g

Ag such, the values are different from those on the unifome-
hazard 2008 UTSGS Notional Seismic Hazard Maps posted at:
hitptearthquake. usgs. govhazmeps.

Larger, more detatled versions of these maps are not provided
bhecaese it is recommended that the comespanding USGS web
ool (hitp:fearthguake. = g5, gov/designmans or
http:content seinstitete. org) be used to determine the mapped
witlue For a specified location.

REFERENCES

Bailding Scismic Safety Council, 2009, NEHRP Recommaended

Seismic Provisions for Mew Buildings and Other Structares: FEMA |—

P=T50/2009 Edition, Federal Emergency Management A geney,
Washington, DC.

Huang, Yin=MNan, Whittaker, A.5., and Luco, Nicolas, 2008,
Maximum spectral dermands in the neas-fall region, Earthaquake
Speatra, Volume 24, Issue 1, pp. 315341,

Lisza, Micalas, Ellingwaod, B R, Hamburgen, B0, Hooper, 1,13,
Kimball, LK, and Kircher, C_A, 2007, Risk=Targeted vessus
Cusrert Seismic Design Maps for the Conterminous United States,
Structral Engineers Association of Califomia 2007 Convention
Proceedings, pp. 163173,

Petersen, MLD., Frankel, A D, Harmsen, 5.C,, Mueller, C.5.,

Haller, K M., Wheeler, R.L., Wesson, R.L. Zeng, Yuchua,
Bayd, 0.5, Perkins, DM, Loco, Nicolas, Field, E.H., Wills, C.I,
and Rukstales, K.5., 2008, Documentation for the 2008 Updare of
the United States Wational Seismic Hazard Maps: US. Geological
Survey Open=File Repart 20081128, 61 p.

vy

FIGURE 22-1 Sg Risk-Adjusted Maximum Considered Earthquake (MCEg) Ground Motion Parameter for the
Conterminous United States for 0.2 s Spectral Response Acceleration (5% of Critical Damping), Site Class B.

Figure @8.1) Ss value
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CHAPTER 22 SEISMIC GROUND MOTION LONG-PERIOD TRANSITION AND RISK COEFFICIENT MAPS
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Maps prepared by United States Geological Survey (USGS) in  Building Seismic Safety Council, 2009, NEHRP Recommended
collnboration with the Fedem] Emergency Management Agency Seizmic Provisions for Mew Buildings and Other Struchres: FEMA
(FEMA mfunded Building Seismic Safiety Council {BSSC) and P=75I200% Edition, Federa! Emergency Munagement A gency,
the American Socicty of Civil Enginesrs (ABCE). The basis is Washington, D,
explained in commentaries prepared by BSSC and ASCE and i Husng, Yie=Man, Whillsker, A %, and Luea, Nicalss, 2008,

the references. Maxirmum spectral demands in the near=fault region, Earthquake
Giround motion values contounsd on these maps incamporate: Spectra, Volume 24, lssue |, pp. 319341,
= & target risk of structural collapse equal to 1% in 50 years Luco, Micolas, Ellingwood, B R, Hambarger, O, Hooper, 1.1,
bazed upon a gendric structaral fragility Kimtall, JE., and Kircher, C.A., 2007, Risk-Targeted versug
= faetor of 1.3 io adjust from a peometric mean to the Current Seigmic Design Mapa for the Conterminous United States,
maxinum response regardless of direction Structoral Engineers Association of Califomia 2007 Convention

= deterministic upper limits imposed near larngs, active faalis, Procesdings, pp. 163=175,
which are taken 25 1.8 times the estimated median response  Petersen, M, D, Frankel, A 1), Harmsen, 5.0, Mueller, C8,,
ta the charcieristic earthquake for the fault (1.8 is used to Haller, ¥.0., Wheeler, R.L., Wesson, R.L., Zeng, Yuchua,

represent the Bdth percentile response), hut oot less than Boyd, 0.5, Perkins, M., Luca, Nicols, Field, B, Wills, C1.,

0% g and Rukstales, K_S., 2008, Documentation for the 2008 Update of

As such, the values are dilTerent fram thase an the i foam- the Lindted States National Seismic Hazard Maps: 1.5, Geelogical
bazard 2008 USGS MNational Seismic Hazsrd Maps posted st Survey OpeneFile Repart 20081128, 61 p.

hatped/earthquake. usgs govharmaps.

Larger, more detailed versions of these maps are not provided
becaues it is recommended that the comesponding USGS web
ol {hitp:/fenrthquake usgs.govidesignmaps or
hatped/comtent seinstitute ong) be used to determine the mapped

.Qalm for a specified location,

vy

FIGURE 22-2 §, Risk-Adjusted Maximum Considered Earthquake (MCEg) Ground Motion Parameter for the
Conterminous United States for 1 s Spectral Response Acceleration (5% of Critical Damping), Site Class B.

Figure 3.2) S1 value
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Mapped Risk-Targeted Maximum Considered Earthquake (MCEg) Spectral Response Acceleration
Parameter at Short Period

Site Class 85025 §5=035 S5=0.75 §5=1.0 §521.25
A 0.8 0.8 0.8 0.8 0.8
B 1.0 1.0 1.0 1.0 1.0
C 1.2 1.2 1.1 10 1.0
D 1.6 14 1.2 1.1 1.0
E 25 1.7 1.2 0.9 0.9
F See Section 11.4.7

Note: Use straight-line interpolation for intermediate values of S;.

Table @.4) the Site Coefficient, Fa

Mapped Risk-Targeted Maximum Considered Earthquake (MCEg) Spectral Response Acceleration
Parameter at 1-s Period

Site Class §,<0.1 §,=02 5,=03 S, =04 5,205
A 0.8 0.8 0.8 0.8 0.8
B 1.0 1.0 1.0 1.0 1.0
C 1.7 1.6 1.5 1.4 1.3
D 2.4 2.0 1.8 1.6 1.5
E 3.5 3.2 28 24 24
F See Section 11.4.7

Note: Use straight-line interpolation for intermediate values of §,.

Table @.5) the Site Coefficient, Fv

3.1.2. Importance level-

Essentionalyto identify the importance levefor the Australian code, usirtige BCA code.

It canspecify based on the occupancy type and the building use type, as showtaipl¢he
(3.6). Generally there are five classes biildings in the Australian codandin case the
design building is not covered by these
judgment. In case the building has various usages, the designer must use the maximt
level ofanimportart factor, andin case there iaccesgo two building, the designer must
follow the same concept. As per the BCA, thisrur level which istemisedand linked

with ProbabilityFactorskp and the return periods RP as shown:
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Table @.6) importance levels as per the BCA

Level Type of structure Return Period&®P(Years)| Probability Factorg,
IL1 Temporary and ver
minor structure
IL2 General structure engag 500 1
by public
IL3 Occupied bya big number 1000 1.3
of public
IL4 Crucial structure with @ 1500 1.5
postdisaster function
Consequ Description Importance Comment
ences of level
failure
The low consequencef loss of Minor structures
moderate economic, social or endanger huma
environmental consequences life)
medium consequence for loss o Normal  structures
Ordin  human life, or considerable 2 and structures nc
ary economic, social or environmente faling into other
consequences levels
The high consequencef loss of 3 Major structures
High human life, or very great (affecting crowds)
economic, social or Postdisaster
environmental consequences 4 structures gost
disasterfunctions or
dangerous activities
EXCep  ances where reliability must sebn Exceptional
tional 5 structures

a case by case basis
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Table @.7) consequences of failure for importance levels

Forthe American codéyugeearthquake usualin thefrequentoccasion witlgreatmotion
ground and predictable to occur damages for structures even when it désighesctype

of failures. Damages levels addferentbased on structure type the samelocation as
hospital andrdinarybuilding. Theaim of this segment is to get the best recover capability
afteran earthquake everandit isachievable byategorsing the structures in:

Important structures to reply directly after esrthquakevent.

Offer a possible disastrous injury.

Havea hugequantity of tenants their ability take careof themselves is below regular.

the building must have a proper low collapse possibility in infrequent occasions called a
the maximum considered earthquake MQfEotion ground the second is life threat
casualties which is majorly from the nestructure damages elements on/in buildings will
be improbable in seismic design motion ground (efined as 2/3 MCE.

ASCEY reports the goals by assigning each building to one of thigypisgmentioned in

Chpt.1 dong with the importance factos. |
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It isimportant to mention the building Risk Category in the ASCE7 when the SDCs or the
seismic design categories provide an easy way to design and execute structures with t
lowest needs of detailing and cost needs in the level of hazard and failure Vélee.

ASCE?7 specified the risk category of each structure as per the table below:

Use or Occupancy of Buildings and Structures Risk Category
Buildings and other structures that represent a low risk to human life in the event of failure I
All buildings and other structures except those listed in Risk Categories I, III, and IV 11
Buildings and other structures, the failure of which could pose a substantial risk to human life. 11

Buildings and other structures, not included in Risk Category IV, with potential to cause a substantial
economic impact and/or mass disruption of day-to-day civilian life in the event of failure.

Buildings and other structures not included in Risk Category IV (including, but not limited to, facilities that
manufacture, process, handle, store, use, or dispose of such substances as hazardous fuels, hazardous
chemicals, hazardous waste, or explosives) containing toxic or explosive substances where their quantity
exceeds a threshold quantity established by the authority having jurisdiction and is sufficient to pose a threat
to the public if released.

Buildings and other structures designated as essential facilities. IV
Buildings and other structures, the failure of which could pose a substantial hazard to the community.

Buildings and other structures (including, but not limited to, facilities that manufacture, process, handle, store,
use, or dispose of such substances as hazardous fuels, hazardous chemicals, or hazardous waste) containing
sufficient quantities of highly toxic substances where the quantity exceeds a threshold quantity established by
the authority having jurisdiction to be dangerous to the public if released and is sufficient to pose a threat to
the public if released.”

Buildings and other structures required to maintain the functionality of other Risk Category IV structures.

“Buildings and other structures containing toxic, highly toxic, or explosive substances shall be eligible for classification to a lower Risk Category
if' it can be demonstrated to the satisfaction of the authority having jurisdiction by a hazard assessment as described in Section 1.5.2 that a
release of the substances is commensurate with the risk associated with that Risk Category.

Table @.8) Risk Category of Buildings and Other Structures for Earthquake Loads

Thele factor used in the ASCE7 in measurable principles for strength and the majority of
those factors divided by RP or R in order to decrease the damage to significant building
also to prevent collaps@hese factors correct the response elastic linear tqriber
amount in the design stage. Tgrémarycorrection in many buildings is ductile. Dropping
the factor R willraisethe yield strength requiremenihecritical building must be capable

of attendingheir objective. $eetable3.9)
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Risk Category Snow Importance Ice Importance Ice Importance Seismic Importance

from Factor, Factor—Thickness, Factor—Wind, Factor,
Table 1.5-1 I, I I, IR
I 0.80 0.80 1.00 1.00
Il 1.00 1.00 1.00 1.00
11 1.10 1.25 1.00 1.25
IV 1.20 1.25 1.00 1.50

“The component importance factor, I, applicable to earthquake loads, is not included in this table because it is dependent on the importance of
the individual component rather than that of the building as a whole, or its occupancy. Refer to Section 13.1.3.

Table @.9) Importance Factors by Risk Category Buildings @tlder Structures for

Earthquake Loads

3.1.1. Building Systems:

Generaly, three types of lateral resistance systailable, walls frames braced, and
frames urbraced or as called moment resistanbe&chadaptedo arrange structure classify
type in Americanand Australiarcodes.Bracedframes and wallseceivesmallerelastic
response reduction than braced system due to redundant of feaiiehas the same level

of stress in different position whileamejoints of columnbeam are usuallgapableof
keepingsteady response over sevanatles of inverted inelastic bends.

Usually, detail connection of the braced systems makes ductility development more
difficult, andcompression buckling for themembelis limitedto the inelastic response, the
failure commonly happened due to local buckling along with general element buckling
usually caused a high strain in memb&h® caused a brittle failure and reach the tension
yield. Eccentric bracing along with the new ditgi and fitting forconcentrated brac
frame advanced to beat these faults.

Un-gravity loaded shear waltskenreduction tharloadedwalls because of redundancy
andaxial pressureisually reducethe ductility moment ira concreteelement. Chile 2010
earthquake gave @asggoodunderstandingf sheamwalls seismic resistanaehichreflect in

new code revisiorReduction in combined systemnsore significanthan other in elastic

response due to redundancy. Redundaiscycommonly metioned as a necessary
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3.2.

3.2.1.

characteristic for seismic resistance, ASCE?7 identify it as 1.0 or 1.3 for systeaimore
carefuldesign.

Redundancys frequently citecs a desirable attribute for seismic resistance. A quantitative
measure of redundandy includedin the Provisionsin an attempt to prevent these of
substantialreductions from theelastic response in structures that possess very little

redundancyy Chandley A.M., Lam, N.T.K. and Sheikh, M.N. (2002).
Seismic Analysis Approach=-

Earthquake Base Shear-
Engineers created advance techniques to calculate the base shear loads. Below, the n

commoncalculation methods used by the earthquake engineers:

Integrate time history method:

This method depends on stepwise outcome using time extracted from freedom millidegre
motion formulas whiclievealthe real response of structurehaviarr, andit is anelegant
analysis techniqueandit is the realmeaning of earthquake motion grouselectedas
participation limit fora specific structure.Records are rare to obtafor certain location
andgenerally.either revised actual free records or motion groamedusedGenerallythe
structuremodelmustcharacterse for postelastic and elastic response appearancéseof
structure This detailsdatais hard to find it during the desigthis analysis method is
commonly bounded to check the right expectatiornth@designstage ofstructurethan a
technique otleliverylateral actions. Lam, N.T.K. and Wilson, J.L. (1999).

Multi -modal analysis method:

This method is a dynamic elastic response calcul@ppiiedby specifying the response
of the building for each mode trailed by thetcomereactiors of everysignificantmode
response.

It isessentiato take the building mass as an intensified mass at every level prbidiices

an SDOFin every level and case the structure vulnerable against the torsion and latere
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responsegit is required to double the response modes number. This metmbainswill
specify the shape of mode and period response, specifying the coefficient of the later:
shear of every mode (using the period mode and the spectra design) and base shear re
distribution in line with the shape response of each level, then; all the mode respons
gathered using the complete quadratic combination CQC or square root sum of squar
SRSS techniques.

The equivalent static analysis methodaory other static techniques si¢go specify the
forces (loads) and displacement of thehole building however the above methods
considered to allow for actual response features of the structure and not presuming the fii
response mode only. We have to keep in mimd that it still evduating the building
response althoughiselastic. Preventing structure from collapse and darcaggolneeds
muchsupposition in order to reach the response of inelastic. Also, the development of th
modelis often contained few modifications to thinal design.

Equivalent Static Analysis method:

Although postelasticattentioninvolved in this method is majorly an elastic technique to
specify thelateral coefficienforces. Also,it is easierto use than other techniques, along
with ararewith the implicit facilitate presumption being maybe more hormonal with other
presumption implicit in another place in design steps. The design procedine painted

as below:

Calculatetheinitial response period mod of the structure from the spessagn.

Use spectral design to ensure that base shear forcesotd structure coordinated with
assumed respongestelastic(ductile).

Base shear forces twe distributedcamong the different combined mass level by applying
ninetypercentof the forces as iangleand therestto be applied at the top level in order

to tolerate higher effects mode.
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1 Determineclements loads and actions by using presuimsgdreadateral forces and assess
it.

1 Specifythe total building response, mainly about the wstery drifts evaluated for elastic
response building.
About the American code, the ASCE7 established many measures to define the effec
forces from the ground shake. The systematic (analytical) prazschtegorsedinto two
effects; nodinear against linear and equivalent lateral force ELF against dynamic. The
mostcommonlyused methods are the equivalent static force and the response spectrul
met hods. Al so, therebd6s dedynarichistoryg radpange/thet i
nortlinear method also used but very limitéds very delicate to assumptions for building
behaviouranalysis and motion ground hired as input data. The mentioned methods ar
using the real ground motion as an input data need to scale to tHiest response
spectrum. The
used design spectrum for the first two methods istidan In order to use the elastic
spectrum reduction in these methods, the ASCE7 recommended to divide the elast
spectrum into R coefficient, since the design calculated based on the design spectrum whi
is 2/3 MCE, the total elastic reduction is betwel.912 while the used damping 5%, and
some of the factor R achieved by the level of dampgihgrstrengttand ductility cause a
significantreduction as well. ASCE7 identify the total seismic effect as a grouping of
horizontal and vertical response nowti Vertical effects calculated as a percentage from
the deadload ¢/+) then, internal forces along with the gravity loads to be checked with
element capacity mgated vie factor resistance.
To determine the design spectrum usingdafeivalentstatic face method, we need set
upthenecessargeismic acceleration which is possible by selecting the natural period, soil
profile, andR-value The period calculation extracted frahe analysismodel which is

limited, and the reasofor the limitation isnot to use the flexible modab have small
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acceleration andignificantperiod. After calculating the total response acceleration, base
shear found thru multiplying it with the entire active mass of the structure, which is the
entire permanent load. Aftspecifying the total lateral load, the ELF method determine
the distribution of these forces on the building which is developed as an outcome o
dynamic examination of uniform structures and is proposed to get a summation of shes
loads at each level aritdat envelop loads will influence building and create overturning
moments bigger than various necessary dynamic studies. The dynamic anaksesimgl

and necessary for all the tall buildings. Unless the building is not indeterminateentxgs
stiffness, strength of structure members, and turning mechanismsuimdigryingground
motion, the ELF calculation method is ¢t
canbe calculatedy adding a rough amount of displacement between the derte and

the calculated massentreeach direction which is called the accidental torsion. After
comparing the actual and accidental torsion with the allowable limit, the accidental torsior
shouldbe calibrated

The modal analysis method is parallel theiegjent lateral forces method. Thignificant
differenceis the identical deflection shape and thatural period is necessary tbe
identified for many of the natural vibration modes which d¢enestimatedby building a
mathematicamodel. The calculatio needs at least nineper centof building mass to
participate Base shear loads extracted from the designed spectrum which is similar to th
ELF method and the acceleration with displacement spreading, story sheaneatof
overturning, and drift cabe specifiedor every mode. Total values for subsequent analysis
and desigrdeterminedby taking the square root of the sum of the squares for each mode.
This summation gives a statistical estimate of maximum response when the participatio
of the varios modes is random and in case the there are two modes so close in peric
values,it is necessary to use tmeoredeveloped method to gather these valaesithe

total absolute amount of each mode is reasonable.
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The minimum basedhear limit extracted from modal analysis method determined from
the static method and the estimated periods as well. In many occasions, the limit brake
and to solve this issusrequired to scale the outcomes. The plane torsion isHikestatic
method since the ELF applied at each level, the moment overturn and the shears at stc
can be taken from the summation methmutithese resultarenct well-matched because

the calculated moment from the collective level forces will not m#tehsummation
moment. The advance consideration of these issues will avoid the analysis and check issu
As mentioned earlier, thens three primary type of analysing the structure to resist

earthquake for both codes (Australian and American).

The baseshear formula as per the AS11702D07 complied with the international
standards which lead t@visng the all the factors along with notation, the Equivalent
Lateral Forces (Static Shear) ELF applied at the building base with directidmebas

consiceredand estimated from the below following:

V = Cy(T1) Wi EQ. (1.1)
Cu(T) =C(T) (S ¢ ) EQ.(1.2)
C(T1) = GW(T1) kp Z EQ. (1.3)
As result:
V=[KpZCn(T)Sele] Wt EQ. (1.4)
Base shear multiplier = VIV Ch(T1) kpZ (So/ € ) EQ. (1.5)

The AS1170.4 2007don o't contain a low | imit fo

implemented on the building§o compare the bashear earthquake valudepercentof
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theseismic buildingveight can be estimated to use it in the calculation can be taken from
codewhichis referredo as the multiplier base shear.

The below requirements and parameters are necessary to find the design coefficient of t
horizontal action or imnothemwordsamount of horizontal design response spectrum at the
significantnatural period of buildin@q (T1).

CM=C(M S ¢ EQ. (1.6)

Where C(T) is the elastic hazard spectrum value aitee

C(T) = KeZCx(T) EQ. (1.7)
Where T ighevariationperiod of mode vibration of the building

V also can béormalised as:

W.h* S
= i {kpzch(iq)—"}wl

> ret) g

=1

EQ. (1.8)

In general, the Equivalent lateral forceg @an be distbuted vertically using equation (1.9)

F=KrV EQ. (1.9)
Where K = Wihi' /S (Wih}") EQ. (1.10)
T = 1.25kh,"” EQ. (1.11)

Theseismic elastic shear base is equivalent to the produced elastic seismic coefficient tim
the effective buildingweight. Basically, the seismic actionssing the dynamic analysis

calculation method are obtained for every mode vibration and the outcome of the force
combined by two methods either by the Square Root of the Sum of the Squares (SRSS)
the Complete Quadratic Combination method (CQC), angeasthe Australian code

section 5.4.2.1of the AS1170.4, the building components along with foundation tha
involved to resist the horizontal forces earthquake in main two directions of building, the

influence of the axes specified individually should bmbined as hundred peent in one
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direction and thirty pecent in the perpendicular directiohhe vertical ground motion
influenceis calculatedby taking the full of the permanent load in combine with seismic

actions. Griffith, M.C., Wu, Y. and OehkD. (2003).

In case the vertical earthquake load considered, the up and downwards directionseshould

takenin the considerations and design as equation 1.12
Cw (T) =G (Tv) Sp EQ.(1.12)

=0.5C \)S

= 0.5kpZG, (Tv) Sp
Where G (Ty) = elastic site hazard spectrum for vertical loading fentartical period of
vibration.
On the other hand, the American cadéculate the base sheaonsidered some essential
requirement to degn any building or structure to do all the needful assessments for the
structure. Firstit is essential to calculate the building/ structure wedagidthe suggested
damping to be considered fiyeer centeitherit is static nor dynamic.Second for the
vibration building period, it can be obtained from the ASCE7 using formula7.2s8

shown below

Ta = G h* where h is the building height, Ct and X can be taken from 8abie
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Structure Type G X

Moment-resisting frame systems in which the frames resist 100% of the required seismic force
and are not enclosed or adjoined by components that are more rigid and will prevent the frames
from deflecting where subjected to seismic forces:

Steel moment-resisting frames 0.028 (0.0724)" 08
Concrete moment-resisting frames 0.016 (0.0466)" 0.9
Steel eccentrically braced frames in accordance with Table 12.2-1 lines B1 or D1 0.03 (0.0731) 0.75
Steel buckling-restrained braced frames 0.03 (0.0731) 0.75
All other structural systems 0.02 (0.0488) 0.75

“Metric equivalents are shown in parentheses.

Table @.10 Values of Approximate Period Parameters as peASEE7
Then,it isnecessaryo find the upper limit for the calculated period from the formula

Cu*Ta and the Cu from tab®11

Design Spectral Response Acceleration

Parameter at 1 s, 85 Coefhicient
=04 1.4
0.3 1.4
0.2 1.5
0.15 1.6
= 0.1 1.7

Table @.11) Coefficient for Upper Limit on Calculated Period as per the ASCE7

The next step is to calculate the seismasponse coefficient as mentioned in section

12.8.1.1 and as below:

CS min < CS < CS Max

Sps
R

A CS max :[ L J Equation 12.8.
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The value of C; computed in accordance with Eq.
12.8-2 need not exceed the following:

C, = So for T<T; (12.8-3)

c,=2olt oo 7T, (1284)
z[R
T-1 —
\I‘!—]

(. shall not be less than
C, = 0.0445,6/, = 0.01 (12.8-5)

In addition, for structures located where §, is equal to
or greater than 0.6g, C, shall not be less than

C. = 0.55/(R/I,) (12.8-6)
where I, and R are as defined in Section 12.8.1.1 and

Sp1 = the design spectral response acceleration
parameter at a period of 1.0 s, as determined
from Section 11.4.4 or 11.4.7

T = the fundamental period of the structure(s)
determined in Section 12.8.2

T; = long-period transition period(s) determined in
Section 11.4.5

S| = the mapped maximum considered earthquake
spectral response acceleration parameter
determined in accordance with Section 11.4.1
or 11.4.7

For structures located where S1 is equal to or greater than 0.6g, Cs shall not be less thar
Cs min = 0.5S1/(R/le) Equation 12& => 0.5*0.738/ (3%4/1) = 0.105.

Cs=0.0446sl e O 0.01 => 0.044*1.19867*1= 0.05
Drift use CS max

Now, it is possible to calculate the seismic base shear from the ASCE7] 1&8ula or

in another word, the seismic load can be considered as approximatghefisentfrom

the total building weight and to be spread laterally on the structure height by Equation

below:
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F,=C,V (12.8-11)

and

C, = - (12.8-12)

- mn
2 w;ht
i=1

where

C,, = vertical distribution factor
V = total design lateral force or shear at the
base of the structure (kip or kN)
w; and w, = the portion of the total effective seismic
weight of the structure (W) located or
assigned to Level i or x
h; and h, = the height (ft or m) from the base to
Level i or x
k = an exponent related to the structure period
as follows:
for structures having a period of 0.5 s or
less, k=1
for structures having a period of 2.5 s or
more, k=2

For structures having a period between 0.5 and 2.5 s, k shall be 2 dyesdaterminety

linearinterpolation between 1 and 2.

3.2.2. Analysistype methodand parameters:-
Specifythe toughness type along with the detail type using the AS11aid@n general,
there are three methods coveradgthe type of structures whiaklieson the Earthquake

Design Category EDG:

1 EDC1 analysis of statisimple by taking tepercentof the total building weight.
1 EDC2 analysi®f static earthquake.

1 EDC3 analysi®f dynamicearthquake.
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The last two methods can be defined as mentioned in the fR)@rehis earthquake elastic
response most be divided by the RF factor which is a result of multiplying the ductility
factor with the strength factor in order to reach the inelastic response and as mentioned

thetable(3.12 Rodsin, K., Lam, N.T.K., Wilsanl.L. and Goldsworthy, H.M. (2003).
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Figure @.3) response design spectra with Z 0.08 addressed in ADR set

System type Overstrength Ductility RF factor

factor facto| =_dg

Ductile system 4 15 6

middle ductile system 3 15 4.5
Limited ductile system 2 1.3 2.6
Un-reinforced masonry syste 1.25 1.3 1.6

Table@.12 Over strength factor q and7Duct

In general, most buildings design using the first two concepts excluding the tall structure
where the highmode of influence is significant. AS1170.4 agrees to check the base

displacement check for seismic effects along with wind and vertical load effects

41| Page



Another design method is available such as the nonlinear/ pushover methodelibih

on the displacement and used for the low seismic zone and middle needs of displaceme
Displacemenbaseddesign technique DB s very simplevay to check structurattitude

using the ultimate limit state and its look likenassie improvement on the further indirect
force-based technique FB by implementing the ductile factor along witbvéestrength
factor. In this techniqudt, isnecessary to module the buildias a single degree of freedom
SDOF and theseismic structurattitude evaluated throughout checking the displacement
needs with the calculated displacement capacity of the building. It is possible to get th
capacity di spl ace men this mdthod where endineeuscestimates
displacement because of growing therizontal force till the building failed which
presumed to occur when the building failed to resist the gravity loads and collapse. Th
outcome of the displacement forces is usuedlijed thepushoveffigure whichrepresents

the building capacity of deformation, andis possible to transfer it intan accelerate
displacefigure byregularsing the shear base respecting the structure mass. Estimation in
growing the transferred capacity curvature depend on the material type without including
the inelastic and elastic deformation of the building compo$¢ke defection of the P
delta and fixable footingffects. To assess the structutes required to compare the max.
Displacemenn e eds PDD wi t h t he c dngasaghetcapacityimere | a
than the demandhestructure is safeOtherwiseit'ssuggested to use the spectrum capacity
techhnpue CSM to assess the structure and i
consider the structure safe. The used damping percentéige-per-cent andas per the

new research, the damping in Austral@esnot exceed the ten peent.
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Then, it is required to demonstrate the hazard factor sitsa@lblass, the height of the
structure, probability factor, and the site @di type which contain five types, (A) Hard
rock, (B) Rook, (C) shallow, (D) Deep, and (E) very soft. For therddaator,it is equal

to the peak ground motion acceleration impacts witlpénmdreturn of five hundred years

Importance (kpZ) for site sub-soil class
level, tyvpe of Structure | Earthquake
structure height, /i, design
(see E.or D, C. B, A, (m) category
Clause 2.2)
Not required to
1 be designed for
earthquake
actions
Top of
fc)[)o? Refer to
Domestic <85 Appendix A
structure —
(housing) Top of Design as
) roof importance
>8.5 level 2
<12 I
<0.05 <0.08 <0.11 <0.14 12, <50
250 11
: : - ) 50 I
>0.05 to <0.08 | >0.08 to <0.12|>0.11 to €0.17 | >0.14 to <0.21
250 II
-0.08 0.12 0.17 0.21 - -
) - 225 11
<50 I
<0.08 <0.12 <0.17 <0.21
250 I
-0.08 0.12 0.17 ~0.21 - .
) - 225 I
s - <12 I
212 11

whichis connectedo Peak Ground

Table B.13 of Earthquake Design Selection Categories (AS11772.1)
Velocity (PGV) and the factor is 0.1g equal to PGV=75mm/sec. (see Table (2.4)). Lam
N.T.K. and Wilson, J.L. (1999).
The American code has anotheay of calculation, the Ssd the Scanbe obtaiedfrom
the USGS reporand thent is essential to specify the soil type and lepegiod transition
period T.. While the risk targeted the magonsiderationearthquake MCE response

spectral acceleration and the coefficient site will be as per talilésnd15 and the values
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will be 1.0 and 1.3 for Fa and Fv respectively. Using equation 1.17 throughout 20, the below

outcomes is the spectral designed acceleration limits:

Sus = FaSs
Swi = FvS
Sps = - Swus
Sp1=-Sw1

The assumption of the type of this buildirggardinga risk category for arearthquake
occupancy category is as per tables and based on talel6 theimportantfactor can be
determined. The seismic category design which depends on the short response peri
acceleration limit and one second daa implementedrom table3.17 and the Seismic

Design Category (SDC).

Using Table 12.2A from the ASCE?7, the coefficient design and seismic forces resistance
factor system can be specified by determining the response modification coefficient R
deflection amplificationc o e f f i ci ent cd, and oand éhe detaile r
requirements described in the ASCE7 tatale 2.18 will lead us to use the proper analysis
method wither using the equivalent lateral fopcecedure gtatic), the response spectrum

procedurgdynamic) or both.
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Seismic Equivalent Lateral ~ Modal Response Seismic Response

Design Force Analysis,  Spectrum Analysis, History Procedures,
Category Structural Characteristics Section 12.8° Section 12.9° Chapter 16
B,C All structures P P P
D,E.F  Risk Category I or I buildings not exceeding 2 P P P

stories above the base
Structures of light frame construction P
Structures with no structural irregularities and not P

exceeding 160 ft in structural height

Structures exceeding 160 ft in structural height P P P
with no structural irregularities and with T < 3.5T,

Structures not exceeding 160 ft in structural P P P
height and having only horizontal irregularities of

Type 2, 3, 4, or 5 in Table 12.3-1 or vertical

irregularities of Type 4, 5a, or 5b in Table 12.3-2

All other structures NP P P

“P: Permitted; NP: Not Permitted; T, = Spi/Sps.
Table @.14) seismic category design which depends on the short response period

Risk Category

Value of Spg I or II or III v
Sps< 0.167 A A
0.167 < Sps < 0.33 B C
0.33 < S5ps < 0.50 C D
0.50 £ S)s D D

acceleration limit and one second respectively

Risk Category

Value of Sp; I or II or II1 v
Sp1 < 0.067 A A
0.067 < S,, < 0.133 B C
0.133 < Sp < 0.20 C D
0.20 < Sp; D D
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Table @.15 Allowable Analyse Procedures

To determine the earthquake action using the equividesral force method (ELF}he

Australian code suggested a chain ofgfaeameteto be calculated-

3.2.2.1Loads and loadcombinations

Suitable load cases and tmmbinatiorshouldbe specifiedefore starting the analysis. As
per the code, its suggested to take section 12.5&&that means, using four type of load
directions, two orthogonal with negative and positive in each direction which will cause
torsion eventually. In total, it will be required eight load combinations along with accidental
torsion forces on the buildingdt is important to use the thirtger centin each opposite
direction in these calculations which will lead to increase the number obthleinationat

lease sixteen combo. Using chapter two from the code, two combinatiohs t@amdin

the strength desmgand allowable stress design. For the firg aa shown beloBuilding
Seismic Safety Council, (20092009 NEHRP Recommended Seismic Provisions for
Buildings and Other Structurgsrepared for the Federal Emergency Management Agency,
Washington, DC.

1.2D +1.0E+1.0L+0.2S

0.9D + 1.0E+1.6H

It isallowed to take the live load as fifpercentin case the load exceed the fikB, and

it is possible to take the earth load when the strucorgainsa basementlt isimportant

to know the ASCE?7 divided the seismic load into two portions horizontal and vertical anc

as below

Eh=} QE where QE earthquake load effeqt, redundancy factor
Ev=0.25DSD

Because ofubstitutingthe equation into the general combination
(1.2+0.B3DSD+)} QEO0.8 +0.25

(0.90.2SDgD +} QE

"I'UII uy\,



Taking $s = 1.19867and ignoring thebasic snowcombinations for strength design
become:

14D +08. +} QE

06D+ QE

Redundancy act or J}, obtained f r otmefindleanbinatonis 1 2
1.44D + 0.9+ 1.0QE

0.66D + 1.0QE

On the other hand, the Australian code suggested to take AS1170.0 section 4.2.1&2 th
means, using four type of load directions, two ogitnal with negative and positive in each
direction which will cause torsion eventually. In total, it will be required eight load
combinations along with accidental torsion forces on the buildlilgimportant to use the
thirty percentin each opposite direction in these calculations which will lead to increase
the number of theombinationat lease sixteen combo. Using chapter two from the code,
two combinations cabe foundin the strength design and allowable stress design. For the

first one as showhelow:
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4.2 COMBINATIONS OF ACTIONS FOR ULTIMATE LIMIT STATES
4.2.1 Stability

The basic combinations for the ultimate limit states used in checking stability (see
Clause 7.2.1) shall be as follows where the long-term and combination factors are given in
Table 4.1:

(a)  For combinations that produce net stabilizing effects (£ yp):

Esgn = [0.9G] permanent action only (does not apply to
prestressing forces)

(b)  For combinations that produce net destabilizing effects (£ gs):

()  Egg = [1.350] permanent action only (does not apply to
prestressing forces)

(i) Eggs = [1.2G, 1.5Q] permanent and imposed action
(iv) Egge = [1.2G, Wy, w.Q] permanent, wind and imposed action
A3 (v)  Eguq = G, Ey, w:0] permanent, carthquake and imposed action
(vi) Eqgqq = [1.2G, S, w.0] permanent action, actions given in Clause 4.2.3

and imposed action

NOTE: Combination factors for prestressing forces are given in the appropriate materials design
Standard.

4.2.2 Strength

The basic combinations for the ultimate limit states used in checking strength (see
Clause 7.2.2) shall be as follows, where the long-term and combination factors are given in

Table 4.1:
(a) Eq4 = [1.35G] permanent action only (does not apply to prestressing
forces)
(b) Eq4 = [1.2G,1.50] permanent and imposed action
(¢) Eq = [1.2G,1.5y,0] permanent and long-term imposed action
(d) Eq = [1.2G, W,, v.0] permanent, wind and imposed action
(e) Eq = [0.9G, W] permanent and wind action reversal
A )y Ey = [G,E, v:0] permanent, earthquake and imposed action
(g) Eq = [12G, S, w0] permanent action, actions given in Clause 4.2.3 and
imposed action
A3 NOTES:
I Combination factors for prestressing forces are given in the appropriate materials design
Standard.

2 Refer to AS/NZS 1170.1, Clause 3.3.

3.2.2.2. Seismic Ground Motion Parameters

As per the USGS, thesS 1.798 g, 5= 0.738 g (see report below), soil type = C (from the

question), and longeriod transition period E8 seconds. While the risk targeted the max.
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Consideratiorearthquake MCEresponse spectral acceleration and the coefficient site will
be as per tables 2.18nd14 and the values will be 1.0 and 1.3 for Fa and Fv respectively.
Using equation 1.17 throughout 20, the below outcomes is the spectral designe

acceleation limits:

Svs = FaSs = 1.0(1.798) = 1.798

Sv1 = FvS = 1.3(0.738) = 0.9594

Sps=-Sus=1.19867

Sp1=-Sw1 = 0.6396

The assumption of the type of this buildirggardinga risk category for arearthquake
occupancy category will be 1l (as per taBld6) and based on takilee importantfactor

will be considereds one. The seismic category design which depends on the short respon:
period acceleration limit and one second tanimplementedrom table 217, and the

Seismic Design Category (SDC) will be D.

Risk Category

Value of Spg I or II or III v
Sps< 0.167 A A
0.167 < Sps < 0.33 B C
0.33 < Sps < 0.50 C D
0.50 < Spy D D
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Risk Category

Value of Sp; I or II or II1 v
Spi < 0.067 A A
0.067 < Sp, < 0.133 B C
0.133 <55, < 0.20 C D
0.20 < Sp; D D

Table @.16 seismic category design which depends on the short response period

acceleration limit and one second respectively

Using Table 12.24 from the ASCE?7, the coefficient design and seismic forces resistance
factor system cabe specifiedoy determiningthe response modification coefficient R,
defl ection amplification coefdwhidhis&nzs Cd
and 2.25 respectively and the detail requirements described in section 14.4 from th
ASCE7. These outcomes adopted based on our section of the frame system which
ABEARI NG WALL SYSTEMS by using | mmalse med .
Basal in the ASCE7n coddehe smallest analysis procedure tenfoundin table 2.18
which indicate to us that using the equivalent lateral fqnmxedure $tatic) and the
response spectrum procedure (dynamic) is compulsory. Alternatively, building regularity
divided into two components vertical and horizontal regularity andeaioundin table

2.19&20.(Applied Technology Council, 1978
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2/16/2018 Design Maps Summary Report
2lUSGS Design Maps Summary Report

User-Specified Input

Building Code Reference Document ASCE 7-05 Standard
(which utilizes USGS hazard data available in 2002)

Site Coordinates 33.7217°N, 116.21936°W
Site Soil Classification Site Class C - “Very Dense Soil and Soft Rock”

Occupancy Category I/II/III

USGS-Provided Output
Ss= 1.798¢g Sus= 1.798g¢g Sps= 1.199¢g
S,= 0.738¢ Swi= 0.959¢g Sp; = 0.640¢g
MCE Response Spectrum Design Response Spectrum

Sa{q)
Sa(aq)

0 om Gk ok am W B 0 e & 20 0 om ox ok Gm 'k e e & 20
Period, T (see) Period, T (sec)
Figure B.4) outcomes from the USGS
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Seismic Design

Type Description Reference Section ~ Category Application
la.  Torsional Irregularity: Torsional irregularity is defined to exist where the ~ 12.3.34 D,E. and F
maximum story drift, computed including accidental torsion with A, = 1.0, ~ 12.7.3 B.C.D.E, and F
at one end of the structure transverse to an axis is more than 1.2 times the 12.84.3 C,D,E ,and F
average of the story drifts at the two ends of the structure. Torsional 12.12.1 C,D,E and F
irregularity requirements in the reference sections apply only to structures  Table 12.6-1 D,E, and F
in which the diaphragms are rigid or semirigid. Section 16.2.2 B,C,D,E and F
Ib.  Extreme Torsional Irregularity: Extreme torsional irregularity is defined ~ 12.3.3.1 Eand F
to exist where the maximum story drift, computed including accidental 12.3.34 D
torsion with A, = 1.0, at one end of the structure transverse to an axis is 12.7.3 B,C.and D
more than 1.4 times the average of the story drifts at the two ends of the 12.843 CandD
structure. Extreme torsional irregularity requirements in the reference 12.12.1 CandD
sections apply only to structures in which the diaphragms are rigid or Table 12.6-1 D
semirigid. Section 16.2.2 B,C,and D
2 Reentrant Corner Irregularity: Reentrant corner irregularity is defined o 12.3.3.4 D,E and F
exist where both plan projections of the structure beyond a reentrant corner ~ Table 12.6-1 D,E and F
are greater than 15% of the plan dimension of the structure in the given
direction.
3. Diaphragm Discontinuity Irregularity: Diaphragm discontinuity 12334 D,E, and F
irregularity is defined to exist where there is a diaphragm with an abrupt Table 12.6-1 D,E, and F

discontinuity or variation in stiffness, including one having a cutout or open
area greater than 30% of the gross enclosed diaphragm area, or a change in
effective diaphragm stiffness of more than 50% from one story to the next.

4. Out-of-Plane Offset Irregularity: Out-of-plane offset irregularity is 12333 B.C.D.E, and F
defined to exist where there is a discontinuity in a lateral force-resistance 12.3.34 D,E and F
path, such as an out-of-plane offset of at least one of the vertical elements. ~ 12.7.3 B.C.D,E,and F
Table 12.6-1 D, E.and F
Section 16.2.2 B,C.D,E,and F
3. Nonparallel System Irregularity: Nonparallel system irregularity is 1253 C,D,E,and F
defined to exist where vertical lateral force-resisting elements are not 12.7.3 B,C.D.E,and F
parallel to the major orthogonal axes of the seismic force-resisting system.  Table 12.6-1 D,E. and F

Section 16.2.2 B.C.D,E,andF

Table 3.17) Allowable Analyse Procedures

Seismic Equivalent Lateral Modal Response Seismic Response
Design Force Analysis,  Spectrum Analysis, History Procedures,
Category Structural Characteristics Section 12.87 Section 12.9° Chapter 16”
B.C All structures P P P
D,E.F  Risk Category I or IT buildings not exceeding 2 P P P
stories above the base
Structures of light frame construction P P P
Structures with no structural irregularities and not P P P

exceeding 160 ft in structural height

Structures exceeding 160 ft in structural height P P P
with no structural irregularities and with T < 3.5T,

Structures not exceeding 160 ft in structural P P P
height and having only horizontal irregularities of

Type 2, 3, 4. or 5 in Table 12.3-1 or vertical

irregularities of Type 4, 5a, or 5b in Table 12.3-2

All other structures NP P P

“P: Permitted; NP: Not Permitted; T, = Sp/Sps.
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Seismic Design
Type Description Reference Section ~ Category Application

la.  Stiffness-Soft Story Irregularity: Stiffness-soft story irregularity is Table 12.6-1 D,E and F
defined to exist where there is a story in which the lateral stiffness is less
than 70% of that in the story above or less than 80% of the average
stiffness of the three stories above.

Ib.  Stiffness-Extreme Soft Story Irregularity: Stiffness-extreme soft story 12331 Eand F
irregularity is defined to exist where there is a story in which the lateral Table 12.6-1 D,E and F
stiffness is less than 60% of that in the story above or less than 70% of the
average stiffness of the three stories above.

2 Weight (Mass) Irregularity: Weight (mass) irregularity is defined to exist ~ Table 12.6-1 D,E and F
where the effective mass of any story is more than 150% of the effective
mass of an adjacent story. A roof that is lighter than the floor below need
not be considered.

3. Vertical Geometric Irregularity: Vertical geometric irregularity is defined  Table 12.6-1 D.E, and F
to exist where the horizontal dimension of the seismic force-resisting
system in any story is more than 130% of that in an adjacent story.

4, In-Plane Discontinuity in Vertical Lateral Force-Resisting Element 12333 B.C,D.E and F
Irregularity: In-plane discontinuity in vertical lateral force-resisting 12334 D.E, and F
elements irregularity is defined to exist where there is an in-plane offset of ~ Table 12.6-1 D,E and F

a vertical seismic force-resisting element resulting in overturning demands
on a supporting beam, column, truss, or slab.

52 Discontinuity in Lateral Strength-Weak Story Irregularity: 12331 Eand F
Discontinuity in lateral strength-weak story irregularity is defined to exist ~ Table 12.6-1 D,E and F
where the story lateral strength is less than 80% of that in the story above.

The story lateral strength is the total lateral strength of all seismic-resisting
elements sharing the story shear for the direction under consideration.

5b.  Discontinuity in Lateral Strength-Extreme Weak Story Irregularity: 12331 D.E and F
Discontinuity in lateral strength-extreme weak story irregularity is defined ~ 12.3.3.2 Band C
to exist where the story lateral strength is less than 63% of that in the story ~ Table 12.6-1 D,E and F

above. The story strength is the total strength of all seismic-resisting
elements sharing the story shear for the direction under consideration.

Table @3.18 Horizontal Structural Irregularities

From the above table, the building is irregular horizontal in thesrR&nt Corner
Irregularity condition andit is possible that the structure will be irregular horizontally in
the torsion definition which will be check later. The analysis can decide the vertical

regularity.
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As per the AS1170.4t is essentiato follow the procedure mentioned below to start the
analysis. So, the first step is to find gh@bability factor () as shown in tabl8.19and

our case, Kis 1.3 since we will design with a probability of 1/1000 year. The next
important factor we suld specify it is the hazarfdctor ) which will be 0.09 based on
the selected area. Then, we can use tal#@to determine the ECD earthquake design
category which will be 11l after we selected the soil type which is C. Finally, and after
following figure 3.5, the code instructed us tsethe dynamic analysis by following the

section?.
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1 Determine

2 Look up

3 Determine

4 Apply

5 Design parts

and components

Structure location and importance level
Annual probability of exceedance (from AS/NZS 1170.0 or BCA)
ko, Zvalue (Section 3)

Does the structure comply with the definition of | Y
domestic structures (Housing) and is h, £8.5

No

Soil class, A, B, C,

D or E (Section 4)

EDC (Table 2.1)

EDC |

EDC Il

EDC Il

Appendix A

Use Clause 5.2
Clause 5.3

Simple static check

Use Clause 5.2

Use Clause 5.2

EDC I
(Clause 5.3)

Clause 5.4 Clause 5.5
Static analysis Dynamic analysis
(Section 6) (Section 7)

EDCII EDC NI

(Section 8) (Section 8)

Figure @.5) Designprocedure as per the AS1170.4
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Importance (kyZ) for site sub-soil class
level, type of Structure | Earthquake
structure height, h, design
(see E orD, C. B, A (m) category
Clause 2.2)
Not required to
I _ B be designed for
earthquake
actions
Top of Refer to
roof .
Domestic <85 Appendix A
structure —
(housing) Top of Design as
roof importance
>8.5 level 2
<12 I
<0.05 <0.08 <0.11 <0.14 >12, <50 11
250 111
2
>(0.05 to <0.08 | >0.08 to <0.12 | >0.11 to <0.17 | >0.14 to <0.21 0 I
250 I
<25 II
>0.08 >0.12 >0.17 >0.21 575 -
<50 il
< < < <
: <0.08 <0.12 <0.17 <0.21 550 1
<25 II
>0.08 >(.12 >0.17 >0.21 575 I
<12 II
4 - 212 1
NOTES:

1 Values for k, and Z are given in Section 3. Site sub-soil class are given in Section 4.

E- S B o |

A higher earthquake design category ot procedure may be used in place of that specified.
Height (h,) is defined in Clause 1.5. For domestic structures refer to Appendix A.

In addition to the above, a special study is required for importance level 4 structures to demonstrate they

remain serviceable for immediate use following the design event for importance level 2 structures.

Table @.19)finding the EDC earthquake design category
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Location Z Location zZ Location Z
Adelaide 0.10 Geraldton 0.09 Port Augusta 0.11
Albany 0.08 Gladstone 0.09 Port Lincoln 0.10
Albury/Wodonga 0.09 Gold Coast 0.05 Port Hedland 0.12
Alice Springs 0.08 Gosford 0.09 Port Macquarie 0.06
Ballarat 0.08 Grafton 0.05 Port Pirie 0.10
Bathurst 0.08 Gippsland 0.10 Robe 0.10
Bendigo 0.09 Goulburn 0.09 Rockhampton 0.08
Brisbane 0.05 Hobart 0.03 Shepparton 0.09
Broome 0.12 Karratha 0.12 Sydney 0.08
Bundaberg 0.11 Katoomba 0.09 Tamworth 0.07
Burnie 0.07 Latrobe Valley 0.10 Taree 0.08
Cairns 0.06 Launceston 0.04 Tennant Creek 0.13
Camden 0.09 Lismore 0.05 Toowoomba 0.06
Canberra 0.08 Lorne 0.10 Townsville 0.07
Carnarvon 0.09 Mackay 0.07 Tweed Heads 0.05
Coffs Harbour 0.05 Maitland 0.10 Uluru 0.08
Cooma 0.08 Melbourne 0.08 Wagga Wagga 0.09
Dampier 0.12 Mittagong 0.09 Wangaratta 0.09
Darwin 0.09 Morisset 0.10 Whyalla 0.09
Derby 0.09 Newcastle 0.11 Wollongong 0.09
Dubbo 0.08 Noosa 0.08 Woomera 0.08
Esperance 0.09 Orange 0.08 Wyndham 0.09
Geelong 0.10 Perth 0.09 Wyong 0.10
Meckering region Islands
Ballidu 0.15 Meckering 0.20 Christmas Island 0.15
Corrigin 0.14 Northam 0.14 Cocos Islands 0.08
Cunderdin 0.22 Wongan Hills 0.15 Heard Island 0.10
Dowerin 0.20 Wickepin 0.15 Lord Howe Island 0.06
Goomalling 0.16 York 0.14 Macquarie Island 0.60
Kellerberrin 0.14 Norfolk Island 0.08

Table @.20 seismic category design which dependshanshort response period

acceleration limit and one second respectively

Based in the AS1170.4 cadine smallest analysis procedure t@nfoundin section 6.1
which indicate that we have to find thiene periodof the structure and atherstructure
requirement to be used in the equivalent lateral fagnaeedure $tatic) and the response

spectrum procedure (dynamic) is compulsory. Paulay T. and Priestley M.J.N. (1992).
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3.2.2.3Response Spectra and Spectral Shape FactGr (T): -
Elastic response spectm@esigners commonly used the response acceleration spectra tc
show the earthquake motion which is represented by the acceleration/displacement
acceleration/velocity curvatures in contradiction of period response of a SDOF oscillato
measured to characiee the building Figure which is created by estimating the response

of one mass oscillator with five percentage of damping see figue (

- A
O
5 a2 [
© : :
&) a H
Q H H
® P
7] _ f2
: : >
t=0 t1 t2 t3 Period

Figure @3.6) Parameter Acceleration Spectrum Response

Response modification; Based on the Australian é&iE170.4,2007, the response spectra
design updated meaningfully along with improvements in response acceleratior
calculation, velocity, and significantly displacement for a specified position and site. Also,
the lowrmoderate seismic zone reflected betteant before. The response factor for
buildings R standardied and became muainore accessiblfor designengineers to use it
mainly for the puskover nonlinear curvature in order to obtain a better calculation

whenever necessary.
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The philosophy of the building responsaisomprehensivsubject that can be defined in
deepness but fast, instead of detailed. The connection between the ductility to buildin
behaviouratio and dactorof reduction Rcanbe illustratedn figure 3.7). Lam & Wilson
proved that the factor of building response Rf defined by usfagtarofovers t r e n gt |
and factor of ductility p with the same New Zealand notation. Griffith, M.C., Wu, Y. and

Oehlers D. (2003).

Re /T// = a
/]
/
ElastiC// F Rf ” / Sp
9
. / Inelastic .
w [T .,/ Q I“Sp
R : / : & —
Yy /
/
/
/
i
/ - = ——— — >
A, L\_\” A

Figure @.7) comparison of the Rf andSp relationship

There are a few divisions inside the ASCE7 designed response spectr@m) (fliese
divisions located between theo(F 0.2%1/Sps) and (Ts = So1/Sps), the acceleration
response is fix and identical tesSContinuousrelocity divisionoverlaysthe period group

of (Ts-TL) while the acceleration response of this group is proportidgogfgT) and one
second period is equivalent tg:S

For the Long period of spectrum response, it can be identified base anliting &tion, the
period thatrepresentsthe moving from continuous velocity division to continuous
displacement division of the design spectrum response. The accelerated response in f
di s p| a)cissproportionatedto(d/q) asid Tovalueg cRrbeO T

continuous
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obtainedfrom ASCE7 (Fig.22,12 to 16) which is plotted basedwao-stagetechniques,
the relationship between the seismic degree and the recognizaadTthen the modal
degree from seismic hazard classification motion ground for two sependsl.
To calculate the design response spectrum using the ASCE7 without the needs specific s
motion groundcurvature can be created as figBr@andfollow the procedure below:
find the Sa, design spectral acceleration response for period lowerd¢hamentioned
below:

S, =Sps {().4 + (mi ] EQ.

0

(1.21)

Find the SA, design spectral acceleration response fograodmore than dand lower or
same as dwhich is thesameasSps.
find the Sa, design spectral acceleration responsepfai@more than Tand lowersame
as T. asmentioned below

5, - =

(1.22)

find the Sa, design spectral acceleration responsegderiad more than Tasmentioned
below

— SU]TL EQ'
'I‘:

S

a

(1.23)

T =the essential period of the buildinghe second
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TL = long period changeover period in second exposed in ASCE7, FigureR2[222,

T, = 0.2Si 7. = 3o

5

16) S.'J.\' And o Sps

Sbs

Spectral Response Acceleration,Sa (g)

T, T, 1.0 T

Period, T (sec)

Figure @.8) response spectrum design

Based on the American slandered, The Spectral Acceleration Design limits to desig
structure implemented for earthquake purpose needed 2/3 MCER spectral response whi
is describedn sec11.4.4By obtaining the additional limits SDS & SD1 and as shown in

the equation below.

2 EQ.
Sps :?SMS Q
(1.19)
) EQ.
Spi :;SMI
) (1.20)

While thetime periodfor 1.0 second whicls basedon using the site position, the long

period transaction for one secondchn be specified using the figure above (figure 2.10).
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Haclures point e disection of
deercasing values

Explanation

Figure 3.9)long Period 1.0 second TL value
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The PGA from the ASCE7 implemented to estimate the possible for soil liquefaction/
strength damage and to specify lateral earth stress for retaining walls and basement desi
By having the site passion, the values of thEEBR motion ground cabe foundfrom
ASCEY figure 228. Adopting the PGA value and site classification, the FPGA coefficient
canbe foundn line with sec.11.8.3, table 1118 and equation 11-8, PGAM can be found.

The value adopted to estimate the possible soil liquefaction/ strength damage. The PG
used to estimate the seismic dynamic lateral earth stress for retainingawdhbasemat

designis calculatedas

2/3 PGAM = 2/3 PGA g EQ.
(1.24)
ASCE?7, Sec.11.8.3 mentioned that PGA specified by whichever a site precise instigation
considering the effects soil amplification or from Equation 1.25, with BGEA is
found from national mapsf PGA for bedrock B Site Class timep&A site coefficient
gain for other site classes P{A
PGAw = Feca PGA EQ.
(1.25)
Alternatively, building regularity divided into two components vertical and horizontal

regularity and cabe foundin table 2.19&20(Applied Technology Council, 1978

Also, the Australian code required to contain the ductility capacity as a minimum equivalen
to the matching assumed reduction force factor wither the designer useektastim or
reduced spectr a.redibseonin andther tebp ih@easing theufactor of
building response and ¢/ Sp, the buil ding
is calculated for a lesser amount of direct actions neverthelegxtfar plastic volume

capacity.
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System Ductility (1) |Overs t r e n g| response factori prY
URM 1.25 1.3 1.6
Limited Ductility 2 1.3 2.6
Moderate Ductility 3 1.5 4.5
Ductile 4 1.5 6

Table@.2) O and Y us e,R007withowt bsimg itAnSHe hotation 4

TheAS1170.4,200Mtroducedanewc | assi fi cati on and name
contain a ductility € is two, and this
materials from the AS360®001Concr et e Structures. At
AModemumate IDtyo is three which need,R00%pec
Concrete Structures. The |l ast type iss t
eliminatedfrom the AS1170.4,20Qandit is possible to study it using the New Zealand
standard NZ1170.5, where advanced procedures are implemented to obtain plastic capac
and possible ductility at the connection point and specific hingeshighly complicate

to make the details in order teach thedesiredductility on the othehandand regarding
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the ductility value one, the building assessed to be full elastic during the full actions. Belov

in figure 3.10, the relationship between the ductility and the strength presented.

Ideol elastic

l— 8 ’—“i 5 response 7 .

RSD

- / — =],
<1 RSA . =2.5a (rocksites) Acceleration
2 | Controlled
-— RSAnm = ].25(2.5(1)(50“.\‘“05) |

c

5 (1.8PGv.s)y  Velocity

9 R3A="—2"—"—""Controlled

)

<

el

0.3-0.8 sec | \
dependingon |
pending L//

= (1.8PGV.S)£

max 27[
Displacement

= = == (Controlled

RSD

. /
-

-~

>

site class

RSD,,.  Displacement RSD

Figure 3.10 comparison of the Rf and p/Sp relationship

The AS117.42007presented the spectral shape factor taking into the consideration, the

building period and condition of the site. The site reverberation corgasngnificant

impact on the ground motianagnifying.

The old codAS1170.4,1998 conventionategardingesponse displacement and velocity

raised at the same

time with the rise of nlaguralperiod which is not physically correct.

Figure @.11) show us the response spectra equation of eage.stn this figure, the

location coefficient of the controlled acceleration zone of response spectrum is Fa, and tt

location coefficient of the displacemettntrolled zone anthe velocity of the response

spectrum is Fv.
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Figure @.11) required curvatureymmetrical to the AS1170.4 model

RSVmax= 1.8*PGV*Fv
RSDmax=— *RSVmax

PGV= peak ground velocity = 750KpZ.

Wilson & Lam designated the RSAmax as three times the kpZFa value, using three instes
of two and helve indicated a good knowledge phenomenon of high magnification spectre
in short period array with incorporate earthquakes.

Calculating the acceleratioresponse spectrum equation for the AS1170R007is a
revise from the 1993 version which is more accurate for the response level to illustrate th
resonance.

The spectral shape factor as a function of periad™Q can be taken from the AS1170.4

table 6.8 or figure 6.4 as shown below

4.007

3.501 “}\

3.00 ﬁf %] é
2.50 é{ \ }\ —8—s0il A, |
H &‘\ L\n\ ——Soil By
il . —+—Soil C,

2.001]
. ——Soil Dy
1.501) : —— ¥4 80il Eg

SPECTRAL ORDINATES (C,(T))

0.50

B

0.00 T T . T T : i
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0

PERIOD IN SECONDS (T)

Figure B.12 normalsedresponse spectra for site Sl clas$
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Table @.13 spectral shape factor as a function of period Ch (T)

The structural ductilityactor € ) i second teguired parameter along with the structural
performance factor ggwhichcan be determined either through the provided data from the

material standard or as mentioned in the Australian code AS1170.4 table 6.5(A&B) in cas
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