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ABSTRACT 

ñEngineering is a professional art of applying science to the efficient conversion of natural 

resources for the benefit of man. Engineering, therefore, requires above all creative 

imagination to the innovative, useful application for natural phenomenon.ò (International 

Journal of Engineering Research & Technology (IJERT), Vol. 3 Issue 3, March ï 2014). 

This work implemented to compare two codes, American and Australian by designing a 

sixty -floors building using reinforced concrete structure from the economic point of 

view. Two critical structural codes adopted, ASCE-7 16 and AS1170. These codes 

compared in term of strength design necessities of structure elements and the shear design 

included as well. 

During this study, calibration and elaboration of the models adopted along with the 

criteria consecration revealed. Though the main principles are the same and the seismic 

zone will moderate, the details were different and made the comparison accurately, the 

analysis implemented via ETABs software from CSI Company established in the USA.  

This work will show the development of the Australian code especially for the earthquake 

loading using the AS1170.4, 2007. The Australian engineers established new response 

spectrum design contains a better illustration of the acceleration, displacement and 

velocity for the type of site soil (soft and rock). The used procedure to establish the 

spectrum could use in another country which has a low/ moderate seismicity. The 

AS1170.4 used a tiered approach for the earthquake load starting from simple force to 

complicated displacement method. One of the significant advantages of this method 

especially on the low seismic zone is given the engineers to design against the vertical 

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

In parallel, the ASCE-7 16 deliver the all the possible design requirements for general 

structures along with the dead, live, snow, flood, rain, soil, wind load, and atmospheric 

ice with the proper combinations which is fit for the building code. The standard is a 

revision of ASCE-7 10 which is a revision of ASCE-7 5 respectively and it's providing a 

full update and re-arranged of the wind load. Also, it has a new ultimate wind load maps 

along with the reduced load factors and it has an update on the risk targeted seismic maps. 

This standard is a comprehensive and important version as a part of the building codes 

which are used in the United States. 



 

 
 

 

 

ЉϷЯв 

 .дϝЃжшϜ ϱЮϝЋЮ ϣуЛуϡГЮϜ ϸϼϜнгЯЮ ЬϝЛУЮϜ ЭтнϳϧЮϜ пЯК бЯЛЮϜ ХуϡГϧЮ сТϜϽϧϲϜ еТ ск ϣЂϹзлЮϜ"Ю ̪ ϣЂϹзлЮϜ ϟЯГϧϦ ̪ Ϝϻ

."ϣуЛуϡГЮϜ ϢϽкϝЗЯЮ ϽЫϧϡгЮϜ ϹуУгЮϜ ХуϡГϧЯЮ ϽЫϧϡгЮϜ ИϜϹϠшϜ ̪ ̭сІ ЭЪ ЭϡЦ 

 еуϧЂ ев днЫв пзϡв бугЋϦ Ьы϶ ев сЮϜϽϧЂцϜм сЫтϽвцϜ етϸнЫЮϜ ϣжϼϝЧгЮ ЭгЛЮϜ Ϝϻк ϻуУзϦ бϦА ϣузϠ аϜϹϷϧЂϝϠ ̯ϝЧϠϝ

 аϝЛЮ ϝгкϽлІϜ пЯК ϸϝгϧКыϠ ϣтϸϝЋϧЦъϜ ϽЗзЮϜ ϣлϮм ев ϣϳЯЃв ϣужϝЂϽ϶2007  м ϝуЮϜϽϧЂъ2016 ъ м ϝЫтϽв

улЮϜ ϽЊϝзК ев ϢнЧЮϜ бугЋϦ АмϽІ сТ ϾнвϽЮϜ иϻк ϣжϼϝЧв.ЩЮϻЪ ЉЧЮϜ бугЋϦм ЭЫ  

ϽтϝЛгЮϜ ЁУж ϤϹгϧКϜ ̪ ϣЂϜϼϹЮϜ иϻк Ьы϶гЮϜ ЁУж ϼϝуϧ϶Ϝ бϦ м пзϡгЮϜ ϣϮϹгж сТ ϤϜϸϜϹКъϜ м ϤϜ ϣуЮϜϿЮϿЮϜ ϣГз

ϝгуТ ̯ϣЊϝ϶ сЮϜϽϧЂцϜ ϸнЫЮϜ ϽтнГϦ ЭгЛЮϜ Ϝϻк ϽлЗ̳уЂ . ϣУЯϧϷв ЭуЊϝУϦ м ϣУЯϧϷв ϭтϝϧж ϼϝлДъ  рϻЮϜ ЬϾъϿЮϝϠ ХЯЛϧт

 ϼϜϹЊϜ аϜϹϷϧЂϝϠ йЯугϳϦ бϧт2007 Ϝ ϣϠϝϯϧЂъ Ϝ̯ϹтϹϮ ϝ̯гугЋϦ днуЮϜϽϧЂцϜ днЂϹзлгЮϜ аϝЦϒ ϩуϲ пЯК рнϧϳт СуГЮ

.(ϣтϽϷЊм ϣзуЮ) ЙЦнгЮϜ ϣϠϽϦ ИнзЮ ϣКϽЃЮϜм ϰмϿзЮϜм ИϼϝЃϧЯЮ ЭЏТϒ ϱуЎнϦ жш аϹϷϧЃгЮϜ ̭ϜϽϮшϜ сТ СуГЮϜ ̭ϝЇ

 .ϣЮϹϧЛв / ϣЏУϷзв ϣуЮϜϿЮϾ йЮ Ͻ϶ϐ ϹЯϠ 

ЭгϳЮ ϝ̯ϮϼϹϧв ϝ̯ϠнЯЂϒ сЮϜϽϧЂъϜ ϸнЫЮϜ аϹϷϧЂϜ шϜ ϣЧтϽА пЮϖ ϣГуЃϡЮϜ ϢнЧЮϜ ев Ϝ̯̭ϹϠ ЬϾъϿЮϜ Ϲϲϒ .ϢϹЧЛгЮϜ ϣϲϜϾ

гугЋϦ еуЂϹзлгЮϜ ϱзв бϧт ЬϾъϿЮϜ ев ϣЏУϷзгЮϜ ϣЧГзгЮϜ сТ ϣЊϝ϶ ϣЧтϽГЮϜ иϻлЮ ϣвϝлЮϜ ϝтϜϿгЮϜ ЬϝгϲцϜ ЭϠϝЧв ϝл

ЬϜϿЮϿЮϜ пЯК ϽуϪϓϧЯЮ ϣϲϜϾшϜ ЉϳТ ̭ϜϽϮϖ бϪ ϣуϳтϽЮϜм ϣуЂϒϽЮϜ.  

 ϸнЫЮϜ ϽТнт ̪ ЩЮϺ Йв рϾϜнϧЮϝϠмпЮϖ ϣвϝЛЮϜ ЭЪϝулЯЮ ϣзЫггЮϜ бугЋϧЮϜ ϤϝϡЯГϧв ЙугϮ сЫтϽувцϜ  ЬϝгϲъϜ  ϟжϝϮ

 сϧЮϜ ϣϡЂϝзгЮϜ ϤϝϡуЪϽϧЮϜ Йв ϰϝтϽЮϜ Эгϲм ϣϠϽϧЮϜм ϽГгЮϜм ϤϝжϝЏуУЮϜм ϭЯϫЮϜм дϜнуϳЮϜм ϥугЮϜϦ. пзϡгЮϜ ϣЮϝϲ  ϟЂϝз 

 Ь ЭтϹЛϦ ск ̪ ϣуЂϝуЧЮϜ ϣУЊϜнгЮϜ иϻк2010 м2005   ϝ̯ϫтϹϳϦ ϽТнϦ скм сЮϜнϧЮϜ пЯКϸϝКϖм ̯ывϝЪ Эгϲ ϟуϦϽϦ Ϣ

.ϰϝтϽЮϜ 

м ϣЮнгϳЮϜ ЭвϜнК ЌϝУϷжϜ Йв ϟзϮ пЮϖ ϝϡзϮ ϢϹтϹϯЮϜ ϣуϚϝлзЮϜ ϰϝтϽЮϜ ϣЮнгϲ БϚϜϽ϶ ϝлтϹЮ ̪ ϝЏтϒ пЯК ϝϫтϹϳϦ ϝлтϹЮ

зϡЮϜ Ͼнвϼ ев ̭ϿϯЪ ϣглвм ϣЯвϝІ ϣϷЃж ск ϣУЊϜнгЮϜ иϻк .ϽАϝϷгЮϜ ϣТϹлϧЃгЮϜ ϣуЮϜϿЮϿЮϜ БϚϜϽϷЮϜ сТ ϣвϹϷϧЃгЮϜ ̭ϝ

ϢϹϳϧгЮϜ ϤϝтънЮϜ 
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CHAPTER ONE 

1 -  INTRODUCTION  

 

The purpose of this work is to compare the current Australian seismic design provision 

(AS-1170) with the American code (ASCE-7 16).  

Structural engineers are using the design code of each country to obtain the data and design 

procedure for different structural elements. There is notably differences between these 

codes which depend on the country circumstances such as weather and earthquake zone; 

these verities can be found in the recommended load action to evaluate the resistance 

elements sections and also some codes asking for more durability requirements.  

To reduce the consummation of the natural materials along with the best sustainable 

development, it is our duty as scientific searchers and civil engineers to have the maximum 

structure design with the minimum using of materials with no mitigation in safety aspect. 

The construction field is the most vital cause of energy consumption and carbon dioxide 

emission. The US Green Building Council 2008 mentioned, construction field cause 40% 

of the global environmental problem. For that, a comparison between the American and the 

Australian codes (ASCE-710 and AS1170-1) deliver appreciated understandings into the 

sustainable design of the structures. This work contains a comparing case study focusing 

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

(Mourad, 2015). 

A comparison between three codes (American, Britain, and Egypt) implemented by 

Bakhoum and Shafiek, the study focused on loads and strength resistance of elements 

sections, another case study implemented by Nandi and Guha how compared the Europe 

code with Indian code based on materials properties and limit of rebar area of several 

elements sections also they compare formulas for computing the ultimate capacity. A 
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comparison between Egyptian code and Euro code by designing a four-story reinforced 

concrete building done by El- Shennawy et al. the comparison applied based on 

environment and economic impact. There is another comparison adopted based on flexure 

consideration only between the American and the Egyptian codes by Hawileh et al. The 

conclusion was, Egyptian code has more safety factors than the American. Nevertheless, 

the difference is insignificant for live/dead ratio which is more than four. Tabsh published 

a comparison between American and British codes based on Flexural, axial compressive 

strength, and shear for structure members along with checking different sections while 

adopting a different ratio of Dead/ Live. The conclusion was, the American code has a more 

significant section and more reinforcements than the British code: a comparison between 

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

et al for the seismic load effects which were concentrating on calculating lateral forces, 

reduction factor, ductility needs, and the applicable design acceleration. Bakhoum has 

adopted a comparison between the European, American, Egyptian, and Japanese codes for 

the design of the bridge, and there was a massive difference between the codes especially 

in the values of the traffic action. However, this substantial different reduced while 

considering the permanent action values. Also, he compared the used loads in designing 

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 

design using the mentioned codes. This work will focus on the dynamic forces and used 

design rules for a high-rise building considering seventy floors building with all the 

necessary elements such as columns, shear walls, and beams using the mentioned codes 

with the same materials. The difference 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 well. (Applied Technology Council, 

1978). 
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1.1. Research Significance 

The seismic analysis and design to stand against earthquake effects can be obtained by 

using the proper strength, stiffness, and ductility. To do so, there are several calculation 

methods such RESPONSE SPECTRUM METHOD (smooth methods), TIME HISTORY 

METHOD which depends on the actual collected data from actual earthquakes, and 

EQUIVALENT LATERAL FORCES ELF which can calculate the adopted lateral inertial 

forces extracted from the ground wave motions. 

The current codes agreed, the lateral force's actions usually are subjected to the dynamic 

actions of the elastic structure system. Thus, when the building subjected to an inelastic 

failure as a result of an extreme earthquake strike which does not comply with the designed 

code, the building will be not as the ideal structure properties, and that will cause a 

deformation in the building which causes a potential failure or unforeseeable consequences.   

Seeking for the best structurer efficiency created many design procedures. Since the 

implemented techniques contain a massive computational process and limitations 

requirements with difficulties to calculate the approximate expressions to enhance the 

structure resistance, the demand to create traditional optimisation design procedures can be 

obtained by the solution of the elastic system with static loads.  

 

1.2. Research Objectives 

As known, the concrete is commonly used in all the new structures and infrastructures since 

it has incredible durability and it can be fit in any size and shape is designed. Also, the low 

cost can be one of the crucial advantages.  

The primary objective of this work makes a seismic design comparison between the 

Australian and American codes with the current requirements for each code. A high-rise 

building contains sixty floors will be adapted to face a differ provisions of seismic load 

using the mentioned codes. 
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Below, the main aspects will be studied: -  

¶ Examine and compare the seismic design provisions for the American society of civil 

engineers ASCE7 published in 2016 and the Australian AS-1170 code. 

¶ Specify the seismic loads for the sixty floors building. The used design spectra, response 

modification factors, and the seismic design parameter are extracted from UAE/Dubai zone 

and used in the seismic design loads. 

¶ Comparing the seismic design loads which are established from the considered codes. 

¶ Assess the effect of the overstrength factors and the accelerations spectral on the seismic 

design loads. 

¶ Recommend updates for the current Australian AS-1170 seismic design provision as 

defensible as the result of this research project.   

1.3. Case Study 

With the purpose to assess and evaluate the theoretical outcome of the mentioned ASCE 

and AS method, a case study of 210m vertical height of three symmetric buildings with 

shared podium implemented to compare the two codes outcome. 

The building is a seventy floors tower assumed to be constructed in the UAE region. The 

typical plan is three L-shapes planted on ten story of podium plan with unparalleled 

alignment which is noteworthy. Reinforced concrete walls implemented along with exterior 

I-section columns frames and shear walls for each level. The slabs assumed to be a hollow 

core slab with thickness 330mm and 10mm as a topping slab (see figure-1). Structure details 

already found in appendix A. 

ETABs software modules have been made implementing all the provisions and the 

requirements of each code. 
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Figure1.1 Typical plan of the tower 
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Chapter Two  

2- LITERATURE REVIEW   

 

The significance 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 between the two codes and how 

each code deal with the earthquake resistance and the whole theory of each code which is 

based on the analysis of real events occurred on the history and how each code started 

developing his criteria and the relationship between the codes as well. 

2.1. Seismic History : -                                                                                               

For the last hundred years, Australia faced an average one earthquake above the five 

Magnitude every year and six every five years. Most of this event was not notable, and 

others caused physical damages which the historical records of these events contributed as 

a source of modelling the seismic hazard map. 

While in America in early 1900, the earthquake consideration was minor in building design. 

Although many earthquakes occurred in the united states such as Cap Ann in Boston 1755, 

New Madrid 1811,1812, Hayward California 1868, and Charleston 1886. The building 

design was not changed to resist the earthquake effects at the time. 

The Australian earthquake design code established from 1920 to 1930. At the time, the 

earthquake design limited by taking ten per 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 height. The strong ground motion accelerograph invented at the 

beginning of the sixties which is recording the ground motion created by the earthquake. 

Installing these devices in the building in varied floors make it possible to estimate and 
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realize the structural dynamic response during the earthquake time while the main changes 

in the American code occurred after the San Francisco earthquake1906 which caused a 

massive fire in the city with massive number of casualties (three thousand deaths) and 

destroying most of the buildings, this event considered as the deadliest happened in the 

USA. Steel buildings were the most noteworthy of the perfect act especially which 

connected by rivets and using the Chicago type.     

AS2121, 79 was the first Australian seismic code, the seismic design provisions of the code 

starting from the explanation of the three-dimensional distribution of seismic hazard, 

actions demand, and detailing requirements covered in this code. since the zero zones were 

covering most of the cities, the impact of the code was below the expectation of the 

engineers.  

So, in 1989 an earthquake hit north N.S.W caused eleven lives with huge physical damages, 

and it specified as a zero-hazard area. The reason for this fatal error was because the 

engineers depended on seismic modelling activities and the monitoring of seismological up 

to 1980. The University of Melbourne came up with the response actions of the building 

during an earthquake seismic effects research. Even though, the Australian code AS1170.4-

1993 based on the uniform building code UBC91 form the United States. Standards 

Australia. (1988). Earthquake loads. AS 1170.4. Homebush, Sydney. 

On the other hand, the created the San Francisco Department of the ASCE 1907 assessed 

the earthquake effects in in-depth detail. It noticed that designing a structure with a suitable 

system of bracing wind load at 30 lbs. /ft2 can withstand the earthquake stresses safely 

which was the first standard of providing an earthquake resistance design in the US. Santa 

Barbara and Tokyo earthquake 1925, 1923, stimulate main research efforts which directed 

to create and develop the first seismic actions record equipment in order to assess the 

earthquake effects on structures and the boards devoted to creating a provisioning code of 

design earthquake resistance. Later on, the UBC, 1927 published and it was the first time 
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that US code contains an establishment of earthquake effects and resistance design. 

(International Conference of Building Officials, 1927). 

The Australian engineers used the adequate and the actual motion earthquake records as 

input data which gave more realistic about building behaviour. In recent days, in-elastic 

combined time history analysis sets which indicated that many structure designs previously 

couldnôt resist the earthquake effects and it might cause severe damage and maybe collapse. 

However, the periodical inspection for the exits structure shows that although these 

building does not design to resist the earthquake effects, it does not necessarily occur a 

collapse or severe damage in case of earthquake occurs. The structural strength can be 

obtained not only through the building degradation like in-elastic distortion, many 

structures stand-up against earthquake with economic repairing. Nevertheless, structure 

subjected to high strength losses often turn out to be unstable and often distorted. 

Based on that, it was essential to change the design procedure by confirming the post-elastic 

strength retention is one of the critical parameters to ensure the building is safe during the 

earthquake impact. By the time, some post-elastic calculation methods became preferable 

than others since it is easy to combine the in-elastic expected distortion while the other 

calculation were highly sensitive to the quick distortion and resulting in a collapse. Curbing 

these calculation methods by appropriate detailing is possible. Therefore, the influence of 

successful recent earthquake design is relying on structure elements details in order to 

identify and comply with the post-elastic requirements and exclude the formation of 

unwanted response modes. (Stehle, J.S., Goldsworthy, H.M. and Mendis, P., 2001).  

The desired calculation methods which are suitable enough to stand against the normal live 

load with no damage can resist the substantial in-elastic distortion with less noteworthy 

losses in strength or load capacity. These types of calculations found to be involved in the 

moment response for the designed element no matter what is the materials of the elements 

or the connection type. 
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On the other hand, the undesired post-elastic calculations methods inside the structural 

elements take a brittle specification along with a shear failure in the steel reinforced 

concrete column, failure in the steel bonding, and tensile fail for the brittle elements like 

under steel concrete and timbers. The global response calculations methods contain the 

progress of the story-soft in the structure especially when in-elastic distortion requirements 

to be focused which make a high demand for the resist capability for elements inside the 

zone or other structures which is irregular, and these will not simplify in the modelling 

design. 

After the Newcastle earthquake 1989, an enormous number of engineers from different 

disciplines along with the Geoscience Australia made research on the earthquake effects 

along with the University of Melbourne. Another investigation held by the University of 

Adelaide for the un-reinforced masonry walls, these three sustain works along with many 

other groups in Australia focused on the Australian seismic conditions which developed 

significant revisions along the world especially for the low-moderate seismic countries. 

In1990 the establishment of the Australian Earthquake Engineering Society along with the 

yearly conference gives acknowledge and research exchanges which create a strong 

relationship between the earthquake world institutes. The AS1170.4.2007 version 

depended on the 1993 version for the seismic hazard maps which depended on the local 

geological building informationôs and the faults groups which producing the future 

earthquakes. 

In 1939, an earthquake attacked the south of California and the school building distortion 

was the most critical facet but luckily it happened after the school timing. After a broad 

investigation, new regulations of the earthquake design especially for schools created which 

introduced a new engineering philosophy of the building impotence factor. Additionally, 

California restricted to construct structures without reinforcements which adopted for all 

the high-risk zone afterwards. Later, significant actions have been taken in California with 
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local engineers to draft a provision region seismic design for LA and S. Francisco 1943, 

1948, developing these codes was simplified throughout the El Centro Earthquake, 1940. 

Also, it was the first time of recording the ground motion by accelerograph. (Mourad, 

(2015). 

 

The ASCE S. Francisco and the north California engineering association gathered in 1951 

and published the óASCE Proceedings-Separate No. 66. Separate 66ô which was the 

milestone papers of the earthquake provision design. After that, the Structural Engineers 

Association of California SEAOC published the Suggested Lateral Force needs or as called 

the Blue Book from SEAOC which became a milestone paper for updating and growing 

the provisions of the seismic design in Uniform Building Code UBC which is used mostly 

in the west of the united states. The blue book updated regularly up the end of 99th which 

adopted in the UBC as well.   

Anchorage and San Fernando Earthquakes 1964, 1971 were essential occasions which 

show a substantial problem for the undetailed ductility reinforced concrete buildings 

behaviour. Which occurred a significant distortion in these types of structures and that was 

not accepted by the engineers. Later, the Applied Technology Council ATC created an 

innovative provision of earthquake design. óATC 3-06, Tentative Provisions for the 

Development of Seismic Regulations for Buildings, 1978ô which is now the fundamental 

of the new standard. 

More than ten thousand people died and huge distortion in buildings because of the Mexico 

City earthquake 1985, the essential facets was the centre of the earthquake two hundred 

miles from the city. The reason for that was the geological nature of Mexico City which 

contains an ancient lake bed of mud and soil clay which created a ground motion stretched 

more than usual. This type of ground motion caused damages more than the average and 

tall buildings because these buildings were in resonance with a ground motion which 
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required to add the site factor in the seismic design of the buildings. American Society of 

Civil Engineers, (1907). 

 

The Northridge earthquake1994, cause 57 deaths and over twenty billion dollars of loses. 

The considerable repair damage costs highlighted the necessity of involving the total 

structure performance along with the falling of structures and drive the engineers to move 

to the Performance-Based design. This earthquake discovered the most critical event to 

unexpected distortion of the steel moment frame building while it expected that it is the 

system to resist the seismic effects. Still, several buildings had cracks in the welds area 

which linked the beams to the column. Directed too many years of studying and improving 

the steel moments frame performance against the earthquake. 
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Figure (2.1) response spectrum of ground acceleration for different damping percentage 

 

It assumed that structure has an elastic behaviour. It mentioned previously 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 to 

reach the limit of elastic for economic purpose. Figure (1.6) illustrate the maximum 

response acceleration for 1g (acceleration because of gravity) for building having evenly 

low damping. For evenly significant seismic and also for building stand against the lateral 

action contain a strength of lateral static about 20%-40% of the gravity. 

The meaning of the dynamic type of ground earthquake shaking is a significant percentage 

of motion energy possible to waste by the inelastic distortion when the building is ductile, 

and a few distortions acknowledged. The below figure (1.8) used to show the essential 

different by wind and seismic loads. Figure (1.9) illustrates the column when W is 
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tremendous and cantilever beams when W is minor. Displacement created after a wind 

pressure impact the building and while the ground motion impacts the building created a 

displacement as a result of the mass above and base foundation, and that produced internal 

forces. Movement (displacement) consider as an independent variable while the forces 

called the secondary outcome based on that, two plots extracted independent on X-axis and 

dependent on the Y-axis. So, Figure (1.8, b) illustrate the response to force for wind (weight 

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

Deformation of building beyond 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 can be mitigated by a factor equal to the ratio of the 

ductile for the building who have a long natural period while it is essential for the short 

natural period exactly like the elastic buildings with an increase in the displacement. For 

the intermediate natural period building and this is almost all the building using it, the 

response acceleration is mitigated while the response displacement is like the ductile 

building like an elastic building have enough toughness to resist the seismic with no yield  

Figure (2.2) Force Measured Strength against Displacement Measured strength 
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The inelastic response is very complicated. The seismic ground motion contains an 

essential number of reverses and reappearances of the strains. So, the remarks of the 

inelastic characteristic of elements, materials, or system stand against growing loads till the 

failure possible to be misleading. The repeated deformation can lead to failure in stiffness, 

strength, or together ð these systems who confirmed the ability to resist a significant 

number of cycle distortions approved to use a significant portion of their maximum ductile 

for the seismic design resistance. 

Almost all the buildings designed and analysed for earthquake response via long elastic 

study with building strength which is bounded by the toughness at its dangerous position. 

Most building so complicated which make the max. The strength of the building ductility 

is not accurate by this type of estimation. Below figure (1.9), is figure illustrate the 

relationship between the actions and displacement for a standard frame? The yield should 

create four positions before the peak resistance reached ð the boundary between first yield 

and peak strength called over-strength, which is very important in the ground motion 

resistance. The American code allows doing a redistributing of the internal forces. (Applied 

Technology Council, 1978). 

Figure (2.3) relation between the actions and displacement for normal frame 
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Finally, elements features are very vital to define the structureôs seismic response are 

ductility, damping, over strength, a natural period which is subjected to the stiffness and 

the building mass, and the resistance constancy when frequent reversals of inelastic 

distortion occurred. The first fours elements are subjected to a system of the building and 

not to the shape and size. The coefficients ɋ0, Cd, and R contain the over strength, ductility, 

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 a 

specific damping degree which is adapted to calculate the strength. The displacement 

calculations depend on the ground motion factored by R to reduce the real displacement. 

Ductility Cd proposed to be the necessary amplification to translate elastic response 

displacement calculate to decrease the ground motion to the real displacement ɋ0 proposed 

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

2.2. Structural Response and Earthquake Phenomena Research: -      

The major studies in Australia focused on the post-elastic behaviour and response of the 

structures which designed for the typical actions (dead, imposed, and wind loads) without 

taking the seismic earthquake actions into the considerations. Starting from the AS1170.4, 

93 inward the researchers directed their attention on evaluating the ductility displacement, 

over-strength resistance, patterns fail, and recently focused on the capacity displacement 

for several diverse structure elements and systems by adopting experimental and analysis 

methods. Recently, improving illustrative nonlinear pushover curvatures became essential 

for differ structure systems to combine it with the capacity spectrum method (CSM) as 

suggested in ATC-40, 96. The CSM delivers a quick assessment method to evaluate the 

structural systems performance against exciting earthquake events. The demonstrative 

seismic earthquake in Australia can define in response spectrum terms along with real 

period returns by using the model created by Wilson and Lam, 2003.  
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The buildings which contain soft-stories identified as weak and the collapse possibility is 

highly expected with severe damages when it is subjected to an earthquake. Despite this, it 

is normal to find this type of buildings in the low-moderate seismic zones like Australia. 

Program research conducted to evaluate the dead, imposed, and lateral actions along with 

the capacity of the displacement of the reinforced concrete structures which have a soft 

story. The displacement model calculates the impact of the moment, vertical compression, 

shear, pier end turning, footing flexibility and the deformation of the plastic pivot. An 

experiential program is running to assess the correctness and dependability of the current 

analysis model. Based on these studies, many of these structures which have a soft-story 

unsuccessful with moment ductility limit (instead of brittle shear fail) through drift story 

capacity about two per cent only. An evaluation of the capacity displacement and seismic 

displacement requirements recommended that a lot of soft-story structures on shallow soil 

and rock locations can endure earthquakes effects with periods return around five-hundred 

years. 

 In 2003, Griffith set up a pioneering retrofit system to enhance the capacity drift of the 

soft-story buildings. The system has implementing FRP or steel plates into the moment area 

of the pier with bolts. Assessments specified that retrofitted piers create a capacity drift 

more than 2.5% with analysis models telling that ten per cent of the capacity drift can gain. 

Standards Australia. (1988). Earthquake loads. AS 1170.4. Homebush, Sydney. 

Large experiential and systems analysis study program implemented to assess the seismic 

behaviour of 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 imposed 

actions only along with the least detailing needs in Australia had a capacity drift about 2.5% 

before reducing the strength of the lateral capacity. 

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

to the pier proved that the level of damage along with large drifts could reduce. 
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Another experimental and analytical assessments implemented for concentrically braced 

steel frames CBF in specific, connections of crosswise braces and pier considered to stand 

against elastic wind action and without the seismic actions with over-strength and fail 

mechanism. The research found the connections are vulnerable than members in case of 

adopting the over-strength factor of the weld connections is about one and a half. This fail 

occurs throughout the weld low cycle failure cracking which caused mitigation in the 

displacements capacity of the system. The research was about the retrofitting cost impact 

which indicated some potential. 

Precast concrete low-rise building behaviour investigated by Robinson et al., 1999. This 

type of structure is widespread use for the flats accommodation building which has a 

weaker connection than the precast element itself. Based on the study, as much as the 

connections are strong, the ductile capacity and the drift capacity will have increased from 

one to three per cent based on the connection length embedment in the floor slab. 

Also, the domestic structure performance against the seismic load investigated by Gad et 

al., 1999, 2000. The investigation mentioned the non-structure plaster-board involved 

important lateral strength of the entire system. On the other hand, the veneer of the brick is 

not essential and will collapse after the shake. This investigation recently extended to check 

the thresholds damage under low level of vibration. (Stehle, J.S., Goldsworthy, H.M. and 

Mendis, P., 2001). 

A creative displacement-based method to evaluate response out-of-plan for masonry 

buildings recently created by Griffith. Common base-force calculation method shows 

defensive and unreliable in expecting masonry walls failure. Displacement method uses a 

tri-linear formula to describe actual non-linear displacement forces attitude also shown in 

the extensive experimental systematic program. 

Generally, there are many analytical studies implemented to investigate the structural 

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 

designed as a reinforced concrete structure for combination to structure technique for 

response seismic displacement calculations, and inelastic torsion response of structures by 

the displacement-based method. 

In the United States, based on scientist's believe, the earthquake happened due to tectonic 

movements. Surface movements identified as a fault. The sudden motion created an energy 

strain which causes seismic in the fault zone. The mentioned waves caused ground shaking 

which is considered in the design.  A sudden ground movement found in surface around the 

fault intersects, during this phenomenon, many effects occurred such as ground deflection, 

sliding, and liquefaction which encourage the designer to enhance the soil to resist these 

effects.    

A major earthquake in the west of United States occurred in the tectonic border while east 

and centre of the United States occurred in the different zone which makes it hard for 

engineersô anticipation and nearly impossible to draw a seismic map. (Applied Technology 

Council, 1978). 

Seismic magnitude reduced significantly from the earthquake centre. Also, the attenuation 

rate is small in low frequency than high frequency. Seismic hazard estimated based on three 

limitations; high motion frequency SS, mid-frequency S1 (both are based statistic analytical 

seismic evidence), and last one is low motion frequency with extended period TL and not 

related to robust analysis. Basically, there are two sources to determine seismicity for the 

citrine zone; history record and geologic records, since earthquake does not frequently 

occur like snow and wind effects, history records are unreliable to use it alone which lead 

us to use both sources. Geologic records data needs a good understanding, and it is used 

commonly to enhance the seismic knowledge. In several places, these data developed 

normalcy and the two data sets used to draw ground shaking seismic provision maps. These 

maps developed since then and many criteria added to maps. Before 1997 edition, life safety 

during the earthquake was the foundation of design by taking 10% as a likelihood of occur 
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in 50 yearsô time while next edition considered avoiding collapse during the maximum 

considered earthquake MCE by taking 2% as a likelihood of occurring in the 50 yearsô time. 

New code design based on 1% as a likelihood of occur in the 50 yearsô time for conventional 

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

3 .  3. BUILDING  MODELLING AND ANALYSIS  

 

To establish a realistic comparison between the ASCE7 and the AS1170, its necessary to 

analyse and design a building using the mentioned codes and compare the outcomes, this 

chapter will be designated for this purpose. In both codes, using the static and dynamic 

analysis is essential as mentioned later. The analysis will also be based on two zones, the 

first zone will be in USA/Indio city and the second in Australia/ Sydney-Katoomba in the 

moderate seismic zone with similar circumstances to illustrate a real comparison. Each 

analysis will contain; calculating the base shear along with the forces story, the regular and 

irregular torsion, P-delta effects and drift, the orthogonal forces and load combination. In 

general, a shear-walls system will be used.   

3.1. Seismic Design Approach:  

The general approach in both codes is designed a structure against an earthquake effects by 

considering several points; determine the plastic hinges points for the building, 

implementing mechanism of the structure in each zone, determine the elements capacity 

inside the plastic hinge position to resist all the possible loads (dynamic and static), 

determine the region to provide proper details to eliminate the behaviour of post plastic, 

determine suitable over strength magnitude, and the outcomes must be adjusted to allow 

deformation to occur in the joint location only. 

Different between earthquake loads and others is dynamic, wind load considered as static 

in most structures. Loads inside building became pressure loads instead of mass 

acceleration. Nevertheless, during an earthquake; structure above the ground will not be 

subjected 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 Equivalent 
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lateral force ELF which is a static method, knowledge of shaking theories of the building 

is mandatory. (International Conference of Building Officials, 1927). 

3.1.1. Site Response Modelling and Micro-zonationôs: -   

Both codes have the same categories of the soil classification. When the footing on level 

30m and above. In case of lack in this information, proper soil characteristic is allowed to 

be  valued by the recorded design expert to make the soil report rely on recognized geologic 

settings, and in case there arenôt enough 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 fixed upon soil have only 10.1m to 

reach the rook level and its vice-versa for the Australian code as shown in chapter 4 and 20 

from the ASEC7.16. 

The Australian code defines the site classification based on the depth and type of soil, which 

specify the dynamic stiffness and period of the site. These two factors are the primary key 

to specify the dynamic response features and the soil damping, the resistance contrast with 

original rock, grade of nonlinearity as well. Rodsin, K., Lam, N.T.K., Wilson, J.L. and 

Goldsworthy, H.M. (2003). 

 

Table (3.1) (AS1170.4) the classification of the soil site for class c 
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Table (3.2) The classification of the soil site 

Strong Rock Ae (0.8 Fa) (0.8 Fv) 

Rock Be (1.0 Fa) (1.0 Fv) 

Shallow Soil Ce (1.25 Fa) (1.4 Fv) 

Deep or Soft Soil De (1.25 Fa) (2.3 Fv) 

Very Soft Soil Ee (1.25 Fa) (3.50 Fv) 

Table (3.3) Sub-Soil Class values as per the AS1170.4, 2007 

The American code is using the below values specified using online or Figures 22-1 and 

22-2 from the ASCE7,16, the Risk values Ss & S1 óset the Maximum Considered 

Earthquake MCER motion Ground limit with 0.2 &1.0 seconds and 5% of Critical Damping 

for soil B class. 

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

specific site class else than B class, S1&Ss to be revised in line with sec.11.4.3. The revision 

implemented by Fa & Fv coefficients to scale these values for the site other than B Class.  

The revised MCER acceleration response spectra for specific site class SM1 & SMS for 0.2 

&1.0 sec. To be modified as per tables 11.4-1 & 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 MCER for the 0.2 and 

1.0 sec. SMS and SM1 respectively can be found in EQ. (1.17&18). 

SMS = Fa SS EQ. 

(1.17) 

SM1 = Fv S1 EQ. 

(1.18) 
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Figure (3.1) Ss value 
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Figure (3.2) S1 value 
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Table (3.4) the Site Coefficient, Fa 

Table (3.5) the Site Coefficient, Fv 

3.1.2. Importance level: - 

Essentionaly, to identify the importance level, for the Australian code, using the BCA code. 

It can specify based on the occupancy type and the building use type, as shown in the table 

(3.6). Generally, there are five classes of buildings in the Australian code, and in case the 

design building is not covered by these categories, it will be subjected to the engineersô 

judgment. In case the building has various usages, the designer must use the maximum 

level of an important factor, and in case there is access to two building, the designer must 

follow the same concept. As per the BCA, there is four level which is itemised and linked 

with Probability Factors kp and the return periods RP as shown: 
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Table (3.6) importance levels as per the BCA 

Consequ

ences of 

failure 

Description Importance 

level 

Comment 

 

Low 

The low consequence of loss of 

human life, or small or 

moderate economic, social or 

environmental consequences 

 

1 

Minor structures 

(failure not likely to 

endanger human 

life) 

 

Ordin

ary 

medium consequence for loss of 

human life, or considerable 

economic, social or environmental 

consequences 

 

2 

Normal structures 

and structures not 

falling into other 

levels 

 

High 

The high consequence of loss of 

human life, or very great 

economic, social or 

environmental consequences 

3 Major structures 

(affecting crowds)  

Post-disaster 

structures (post-

disaster functions or 

dangerous activities) 

 

4 

Excep

tional 

Circumstances where reliability must be set on 

a case by case basis 

 

5 

Exceptional 

structures 

Level Type of structure Return Periods RP(Years) Probability Factors kp 

IL1 Temporary and very 

minor structure 

  

IL2 General structure engaged 

by public 

500 1 

IL3 Occupied by a big number 

of public  

1000 1.3 

IL4 Crucial structure with a 

post-disaster function 

1500 1.5 
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Table (3.7) consequences of failure for importance levels 

 

For the American code, huge earthquake usually in the frequent occasion with great motion 

ground and predictable to occur damages for structures even when it designed for this type 

of failures. Damages levels are different based on structure type in the same location as 

hospital and ordinary building. The aim of this segment is to get the best recover capability 

after an earthquake event, and it is achievable by categorising the structures in:  

¶ Important structures to reply directly after an earthquake event. 

¶ Offer a possible disastrous injury. 

¶ Have a huge quantity of tenants their ability to take care of themselves is below regular.  

the building must have a proper low collapse possibility in infrequent occasions called as 

the maximum considered earthquake MCER motion ground; the second is life threat 

casualties which is majorly from the non-structure damages elements on/in buildings will 

be improbable in seismic design motion ground (well-defined as 2/3 MCER). 

ASCE7 reports the goals by assigning each building to one of the risk types mentioned in 

Chpt.1 along with the importance factor Ie. 
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It is important 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 the 

lowest needs of detailing and cost needs in the level of hazard and failure value.  The 

ASCE7 specified the risk category of each structure as per the table below: 

 

Table (3.8) Risk Category of Buildings and Other Structures for Earthquake Loads 

 

The Ie 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 buildings 

also to prevent collapse. These factors correct the response elastic linear to the proper 

amount in the design stage. The primary correction in many buildings is ductile. Dropping 

the factor R will raise the yield strength requirements. The critical building must be capable 

of attending their objective. (See table 3.9) 
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Table (3.9) Importance Factors by Risk Category Buildings and Other Structures for 

Earthquake Loads 

3.1.1. Building Systems: -  

Generally, three types of lateral resistance system available, walls, frames braced, and 

frames un-braced or as called moment resistance which adapted to arrange structure classify 

type in American and Australian codes. Braced frames and walls receive smaller elastic 

response reduction than braced system due to redundant of frames, and it has the same level 

of stress in different position while same joints of column-beam are usually capable of 

keeping steady response over several cycles of inverted inelastic bends.  

Usually, detail connection of the braced systems makes ductility development more 

difficult , and compression buckling for the member is limited to the inelastic response, the 

failure commonly happened due to local buckling along with general element buckling 

usually caused a high strain in members who caused a brittle failure and reach the tension 

yield. Eccentric bracing along with the new detailing and fitting for concentrated braced 

frame advanced to beat these faults.   

Un-gravity loaded shear walls taken reduction than loaded walls because of redundancy, 

and axial pressure usually reduces the ductility moment in a concrete element. Chile 2010 

earthquake gave us a good understanding of shear walls seismic resistance which reflect in 

new code revision. Reduction in combined system is more significant than other in elastic 

response due to redundancy. Redundancy is commonly mentioned as a necessary 
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characteristic for seismic resistance, ASCE7 identify it as 1.0 or 1.3 for systems need more 

careful design. 

Redundancy is frequently cited as a desirable attribute for seismic resistance. A quantitative 

measure of redundancy is included in the Provisions in an attempt to prevent the use of 

substantial reductions from the elastic response in structures that possess very little 

redundancy ð Chandler, A.M., Lam, N.T.K. and Sheikh, M.N. (2002).  

3.2. Seismic Analysis Approach: -                                                                             

3.2.1. Earthquake Base Shear: -  

Engineers created advance techniques to calculate the base shear loads. Below, the most 

common calculation methods used by the earthquake engineers: - 

A- Integrate time history method:  

This method depends on stepwise outcome using time extracted from freedom millidegree 

motion formulas which reveal the real response of structure behaviour, and it is an elegant 

analysis technique, and it is the real meaning of earthquake motion ground selected as 

participation limit for a specific structure. Records are rare to obtain for certain location 

and generally, either revised actual free records or motion ground are used. Generally, the 

structure model must characterise for post-elastic and elastic response appearances of the 

structure. This details data is hard to find it during the design; this analysis method is 

commonly bounded to check the right expectations in the design stage of structure than a 

technique of delivery lateral actions. Lam, N.T.K. and Wilson, J.L. (1999).  

B- Multi -modal analysis method: 

This method is a dynamic elastic response calculation applied by specifying the response 

of the building for each mode trailed by the outcome reactions of every significant mode 

response.  

It is essential to take the building mass as an intensified mass at every level which produces 

an SDOF in every level and case the structure vulnerable against the torsion and lateral 
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response; it is required to double the response modes number. This method contains will 

specify the shape of mode and period response, specifying the coefficient of the lateral 

shear of every mode (using the period mode and the spectra design) and base shear result 

distribution in line with the shape response of each level, then; all the mode response 

gathered using the complete quadratic combination CQC or square root sum of squares 

SRSS techniques. 

The equivalent static analysis method or any other static techniques sued to specify the 

forces (loads) and displacement of the whole building however the above methods 

considered to allow for actual response features of the structure and not presuming the first 

response mode only. We have to keep in our mind that it still evaluating the building 

response although it is elastic. Preventing structure from collapse and damage control needs 

much supposition in order to reach the response of inelastic. Also, the development of the 

model is often contained a few modifications to the final design. 

C- Equivalent Static Analysis method: 

Although post-elastic attention involved in this method it is majorly an elastic technique to 

specify the lateral coefficient forces. Also, it is easier to use than other techniques, along 

with a rare with the implicit facilitate presumption being maybe more hormonal with other 

presumption implicit in another place in design steps. The design procedure can be pointed 

as below: 

¶ Calculate the initial response period mod of the structure from the spectral design. 

¶ Use spectral design to ensure that base shear forces of whole structure coordinated with 

assumed response post-elastic (ductile).  

¶ Base shear forces to be distributed among the different combined mass level by applying 

ninety per cent of the forces as a triangle and the rest to be applied at the top level in order 

to tolerate higher effects mode. 
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¶ Determine elements loads and actions by using presumed to spread lateral forces and assess 

it. 

¶ Specify the total building response, mainly about the inter-story drifts evaluated for elastic 

response building. 

About the American code, the ASCE7 established many measures to define the effects 

forces from the ground shake. The systematic (analytical) procedures categorised into two 

effects; non-linear against linear and equivalent lateral force ELF against dynamic. The 

most commonly used methods are the equivalent static force and the response spectrum 

methods. Also, thereôs another calculation method called the dynamic history response, the 

non-linear method also used but very limited, it is very delicate to assumptions for building 

behaviour analysis and motion ground hired as input data. The mentioned methods are 

using the real ground motion as an input data and need to scale to the first response 

spectrum.                                                                                                                                                    The 

used design spectrum for the first two methods is identical. In order to use the elastic 

spectrum reduction in these methods, the ASCE7 recommended to divide the elastic 

spectrum into R coefficient, since the design calculated based on the design spectrum which 

is 2/3 MCE, the total elastic reduction is between 1.9-12 while the used damping 5%, and 

some of the factor R achieved by the level of damping. Overstrength and ductility cause a 

significant reduction as well. ASCE7 identify the total seismic effect as a grouping of 

horizontal and vertical response motion. Vertical effects calculated as a percentage from 

the dead load (-/+) then, internal forces along with the gravity loads to be checked with 

element capacity mitigated vie factor resistance. 

To determine the design spectrum using the equivalent static force method, we need to set 

up the necessary seismic acceleration which is possible by selecting the natural period, soil 

profile, and R-value. The period calculation extracted from the analysis model which is 

limited, and the reason for the limitation is not to use the flexible model to have small 
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acceleration and significant period. 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. After specifying the total lateral load, the ELF method determine 

the distribution of these forces on the building which is developed as an outcome of 

dynamic examination of uniform structures and is proposed to get a summation of shear 

loads at each level and that envelop loads will influence building and create overturning 

moments bigger than various necessary dynamic studies. The dynamic analysis is essential 

and necessary for all the tall buildings. Unless the building is not indeterminate mass centre, 

stiffness, strength of structure members, and turning mechanisms in the underlying ground 

motion, the ELF calculation method is the same. Which called óhorizontal torsionô and this 

can be calculated by adding a rough amount of displacement between the force centre and 

the calculated mass centre each direction which is called the accidental torsion. After 

comparing the actual and accidental torsion with the allowable limit, the accidental torsion 

should be calibrated. 

The modal analysis method is parallel the equivalent lateral forces method. The significant 

difference is the identical deflection shape and the natural period is necessary to be 

identified for many of the natural vibration modes which can be estimated by building a 

mathematical model. The calculation needs at least ninety per cent of building mass to 

participate. Base shear loads extracted from the designed spectrum which is similar to the 

ELF method and the acceleration with displacement spreading, story shear, a moment of 

overturning, and drift can be specified for every mode. Total values for subsequent analysis 

and design determined by taking the square root of the sum of the squares for each mode. 

This summation gives a statistical estimate of maximum response when the participation 

of the various modes is random and in case the there are two modes so close in period 

values, it is necessary to use the more developed method to gather these values, and the 

total absolute amount of each mode is reasonable.  
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The minimum based-shear limit extracted from modal analysis method determined from 

the static method and the estimated periods as well. In many occasions, the limit braked 

and to solve this issue is required to scale the outcomes. The plane torsion is like the static 

method since the ELF applied at each level, the moment overturn and the shears at story 

can be taken from the summation method, and these results are not well-matched because 

the calculated moment from the collective level forces will not match the summation 

moment. The advance consideration of these issues will avoid the analysis and check issues. 

As mentioned earlier, there is three primary type of analysing the structure to resist 

earthquake for both codes (Australian and American).  

The base-shear formula as per the AS1170.4, 2007, complied with the international 

standards which lead to revising the all the factors along with notation, the Equivalent 

Lateral Forces (Static Shear) ELF applied at the building base with direction has been 

considered and estimated from the below following: -   

 

V = Cd(T1) Wt EQ. (1.1) 

Cd(T1) = C(T1) (Sp/ɛ)  EQ. (1.2) 

C(T1) = Ch(T1) kp Z EQ. (1.3) 

As result:   

V=[KPZCh(T)SP/ɛ] Wt EQ. (1.4) 

Base shear multiplier = V/Wt = Ch(T1) kpZ (Sp/ɛ) EQ. (1.5) 

 

The AS1170.4, 2007 donôt contain a low limit for the seismic load weight value 

implemented on the buildings. To compare the base-shear earthquake value, the per cent of 
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the seismic building weight can be estimated to use it in the calculation can be taken from 

code which is referred to as the multiplier base shear. 

The below requirements and parameters are necessary to find the design coefficient of the 

horizontal action or in another words amount of horizontal design response spectrum at the 

significant natural period of building Cd (T1). 

Cd(T) = C(T) SP/ɛ 

Where C(T) is the elastic hazard spectrum value at the site  

 

EQ. (1.6) 

C(T) = KPZCh(T) 

Where T is the variation period of mode vibration of the building  

EQ. (1.7) 

V also can be formalised as: 

                                                                                                     

 

 

EQ. (1.8) 

In general, the Equivalent lateral forces (Fi) can be distributed vertically using equation (1.9) 

Fi = KF V EQ. (1.9) 

Where KF   EQ. (1.10) 

 

EQ. (1.11) 

The seismic elastic shear base is equivalent to the produced elastic seismic coefficient times 

the effective building weight. Basically, the seismic actions using the dynamic analysis 

calculation method are obtained for every mode vibration and the outcome of the forces 

combined by two methods either by the Square Root of the Sum of the Squares (SRSS) or 

the Complete Quadratic Combination method (CQC), and as per the Australian code 

section 5.4.2.1of the AS1170.4, the building components along with foundation that 

involved to resist the horizontal forces earthquake in main two directions of building, the 

influence of the axes specified individually should be combined as hundred per cent in one 
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direction and thirty per cent in the perpendicular direction. The vertical ground motion 

influence is calculated by taking the full of the permanent load in combine with seismic 

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

In case the vertical earthquake load considered, the up and downwards directions should be 

taken in the considerations and design as equation 1.12 

Cvd (T) = Cv (Tv) Sp                                                                      EQ. (1.12) 

  = 0.5C (Tv)Sp 

  = 0.5kpZCh (Tv) Sp 

Where Cv (Tv) = elastic site hazard spectrum for vertical loading for the vertical period of 

vibration. 

On the other hand, the American code calculates the base shear considered some essential 

requirement to design any building or structure to do all the needful assessments for the 

structure.  First, it is essential to calculate the building/ structure weight and the suggested 

damping to be considered five per cent either it is static nor dynamic.  Second, for the 

vibration building period, it can be obtained from the ASCE7 using formula 12.8-7 as 

shown below  

Ta = Ct h
X where h is the building height, Ct and X can be taken from table 3.10: 
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Table (3.10) Values of Approximate Period Parameters as per the ASCE7 

Then, it is necessary to find the upper limit for the calculated period from the formula 

Cu*Ta and the Cu from table 3.11. 

  

 

Table (3.11) Coefficient for Upper Limit on Calculated Period as per the ASCE7 

 

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

12.8.1.1 and as below: 

CS min < CS < CS Max  

Á CS max =   Equation 12.8-2.  



 

39 | P a g e 
 

 

                    

For structures located where S1 is equal to or greater than 0.6g, Cs shall not be less than,  

CS min = 0.5S1/(R/Ie) Equation 12.8-6. => 0.5*0.738/ (3½/1) = 0.105. 

Á Cs = 0.044SDSIe Ó 0.01 => 0.044*1.19867*1= 0.052 Note: for the ELF use CS min and for 

Drift use CS max 

Now, it is possible to calculate the seismic base shear from the ASCE7, 12.8-1 formula or 

in another word, the seismic load can be considered as approximately five per cent from 

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

below:  
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For structures having a period between 0.5 and 2.5 s, k shall be 2 or shall be determined by 

linear interpolation between 1 and 2. 

3.2.2. Analysis type method and parameters: - 

Specify the toughness type along with the detail type using the AS1170.0, and in general, 

there are three methods covering all the type of structures which relies on the Earthquake 

Design Category EDC: - 

¶ EDC1 analysis of static simple by taking ten per cent of the total building weight. 

¶ EDC2 analysis of static earthquake. 

¶ EDC3 analysis of dynamic earthquake.  
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The last two methods can be defined as mentioned in the figure (3.3) this 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 in 

the table (3.12) Rodsin, K., Lam, N.T.K., Wilson, J.L. and Goldsworthy, H.M. (2003).  

Figure (3.3) response design spectra with Z 0.08 addressed in ADRS set-up 

System type  Overstrength 

factor ɋ 

Ductility 

factor ɛ 

RF factor 

= ɋ x ɛ 

Ductile system  4 1.5 6 

middle ductile system  3 1.5 4.5 

Limited ductile system 2 1.3 2.6 

Un-reinforced masonry system  1.25 1.3 1.6 

Table (3.12) Over strength factor ɋ and Ductility factor ɛ as per the AS1170.4, 07 

 

In general, most buildings design using the first two concepts excluding the tall structures 

where the high mode of influence is significant. AS1170.4 agrees to check the base 

displacement check for seismic effects along with wind and vertical load effects. 
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Another design method is available such as the nonlinear/ pushover method which relies 

on the displacement and used for the low seismic zone and middle needs of displacement. 

Displacement-based design technique DB is a very simple way to check structure attitude 

using the ultimate limit state and its look like a massive improvement on the further indirect 

force-based technique FB by implementing the ductile factor along with the overstrength 

factor. In this technique, it is necessary to module the building as a single degree of freedom 

SDOF and the seismic structure attitude evaluated throughout checking the displacement 

needs with the calculated displacement capacity of the building. It is possible to get the 

capacity displacement of the structure ȹc from this method where engineers estimate 

displacement because of growing the horizontal force till the building failed which 

presumed to occur when the building failed to resist the gravity loads and collapse. The 

outcome of the displacement forces is usually called the pushover figure which represents 

the building capacity of deformation, and it is possible to transfer it into an accelerate-

displace figure by regularising 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 composed of the defection of the P-

delta and fixable footing effects. To assess the structure, it is required to compare the max. 

Displacement needs PDD with the capacity displacement ȹc and incases the capacity more 

than the demand; the structure is safe. Otherwise, it's suggested to use the spectrum capacity 

technique CSM to assess the structure and its required to keep the CSM above the ȹc to 

consider the structure safe. The used damping percentage is five-per-cent, and as per the 

new research, the damping in Australia does not exceed the ten per-cent. 
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Then, it is required to demonstrate the hazard factor site sub-soil class, the height of the 

structure, probability factor, and the site sub-soil type which contain five types, (A) Hard 

rock, (B) Rook, (C) shallow, (D) Deep, and (E) very soft. For the hazard factor, it is equal 

to the peak ground motion acceleration impacts with the period return of five hundred years 

which is connected to Peak Ground  

Table (3.13) of Earthquake Design Selection Categories (AS1170.4, 7, T2.1) 

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 another way of calculation, the Ss and the S1 can be obtained from 

the USGS report, and then it is essential to specify the soil type and long-period transition 

period TL. While the risk targeted the max, consideration earthquake MCER response 

spectral acceleration and the coefficient site will be as per tables 3.14, and 15 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: 

SMS = FaSs  

SM1 = FvS1  

SDS =  SMS  

SD1 =  SM1  

The assumption of the type of this building regarding a risk category for an earthquake, 

occupancy category is as per table 3.15 and based on table 3.16 the important factor can be 

determined. The seismic category design which depends on the short response period 

acceleration limit and one second can be implemented from table 3.17 and the Seismic 

Design Category (SDC). 

Using Table 12.2-1 from the ASCE7, the coefficient design and seismic forces resistance 

factor system can be specified by determining the response modification coefficient R, 

deflection amplification coefficient Cd, and the Over Strength Factor ɋ0 and the detail 

requirements described in the ASCE7 and table 2.18 will lead us to use the proper analysis 

method wither using the equivalent lateral force procedure (static), the response spectrum 

procedure (dynamic) or both.  
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Table (3.14) seismic category design which depends on the short response period 

acceleration limit and one second respectively 
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Table (3.15) Allowable Analyse Procedures  

To determine the earthquake action using the equivalent lateral force method (ELF), the 

Australian code suggested a chain of the parameter to be calculated: - 

3.2.2.1.Loads and load combinations  

Suitable load cases and the combination should be specified before starting the analysis. As 

per the code, its suggested to take section 12.5.3&4, and 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 building. It is important to use the thirty per cent in each opposite 

direction in these calculations which will lead to increase the number of the combination at 

lease sixteen combo. Using chapter two from the code, two combinations can be found in 

the strength design and allowable stress design. For the first one as shown below Building 

Seismic Safety Council, (2009), 2009 NEHRP Recommended Seismic Provisions for 

Buildings and Other Structures, prepared for the Federal Emergency Management Agency, 

Washington, DC. 

1.2D + 1.0E + 1.0L + 0.2S 

0.9D + 1.0E+1.6H 

It is allowed to take the live load as fifty per cent in case the load exceed the five KN, and 

it is possible to take the earth load when the structure contains a basement. It is important 

to know the ASCE7 divided the seismic load into two portions horizontal and vertical and 

as below 

Eh = ɟQE     where    QE   earthquake load effect, ɟ     redundancy factor           

Ev = 0.2SDSD 

Because of substituting the equation into the general combination  

(1.2 + 0.2SDS) D+ ɟQE + 0.5L + 0.2S 

(0.9-0.2SDS) D + ɟQE 
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Taking SDS = 1.19867 and ignoring the basic snow combinations for strength design 

become: 

1.44D + 0.5L + ɟQE 

0.66D + ɟQE 

Redundancy factor ɟ, obtained from Section 12.3.4, so ɟ is 1.0 and the final combination is  

1.44D + 0.5L + 1.0QE 

0.66D + 1.0QE 

On the other hand, the Australian code suggested to take AS1170.0 section 4.2.1&2 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 building. It is important to use the 

thirty per cent in each opposite direction in these calculations which will lead to increase 

the number of the combination at lease sixteen combo. Using chapter two from the code, 

two combinations can be found in the strength design and allowable stress design. For the 

first one as shown below: 
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3.2.2.2. Seismic Ground Motion Parameters  

As per the USGS, the Ss = 1.798 g, S1 = 0.738 g (see report below), soil type = C (from the 

question), and long-period transition period TL=8 seconds. While the risk targeted the max. 
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Consideration earthquake MCER response spectral acceleration and the coefficient site will 

be as per tables 2.13, and 14 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 designed 

acceleration limits: 

SMS = FaSs = 1.0(1.798) = 1.798 

SM1 = FvS1 = 1.3(0.738) = 0.9594 

SDS =  SMS = 1.19867 

SD1 =  SM1 = 0.6396 

The assumption of the type of this building regarding a risk category for an earthquake, 

occupancy category will be II (as per table 3.16) and based on table the important factor 

will be considered as one. The seismic category design which depends on the short response 

period acceleration limit and one second can be implemented from table 2.17, and the 

Seismic Design Category (SDC) will be D. 
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Table (3.16) seismic category design which depends on the short response period 

acceleration limit and one second respectively 

 

Using Table 12.2-1 from the ASCE7, the coefficient design and seismic forces resistance 

factor system can be specified by determining the response modification coefficient R, 

deflection amplification coefficient Cd, and the Over Strength Factor ɋ0 which is 3½, 2½, 

and 2.25 respectively and the detail requirements described in section 14.4 from the 

ASCE7. These outcomes adopted based on our section of the frame system which is 

ñBEARING WALL SYSTEMS by using Intermediate reinforced masonry shear walls.ò  

Based in the ASCE7n code, the smallest analysis procedure can be found in table 2.18 

which indicate to us that using the equivalent lateral force procedure (static) and the 

response spectrum procedure (dynamic) is compulsory. Alternatively, building regularity 

divided into two components vertical and horizontal regularity and can be found in table 

2.19&20. (Applied Technology Council, 1978). 
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Figure (3.4) outcomes from the USGS  



 

52 | P a g e 
 

 

Table (3.17) Allowable Analyse Procedures 
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Table (3.18) Horizontal Structural Irregularities 

 

 

From the above table, the building is irregular horizontal in the Re-entrant Corner 

Irregularity condition, and it 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 AS1170.4, it is essential to follow the procedure mentioned below to start the 

analysis. So, the first step is to find the probability factor (KP) as shown in table 3.19 and 

our case, KP is 1.3 since we will design with a probability of 1/1000 year. The next 

important factor we should specify it is the hazard factor (Z) which will be 0.09 based on 

the selected area. Then, we can use table 3.20 to determine the ECD earthquake design 

category which will be III after we selected the soil type which is C. Finally, and after 

following figure 3.5, the code instructed us to use the dynamic analysis by following the 

section-7. 
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Figure (3.5) Design procedure as per the AS1170.4 
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Table (3.19) finding the EDC earthquake design category
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Table (3.20) seismic category design which depends on the short response period 

acceleration limit and one second respectively 

 

Based in the AS1170.4 code, the smallest analysis procedure can be found in section 6.1 

which indicate that we have to find the time period of the structure and another structure 

requirement to be used in the equivalent lateral force procedure (static) and the response 

spectrum procedure (dynamic) is compulsory. Paulay T. and Priestley M.J.N. (1992).  
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3.2.2.3.Response Spectra and Spectral Shape Factor Ch (T): - 

Elastic response spectra, designers commonly used the response acceleration spectra to 

show the earthquake motion which is represented by the acceleration/displacement or 

acceleration/velocity curvatures in contradiction of period response of a SDOF oscillator 

measured to characterize the building Figure which is created by estimating the response 

of one mass oscillator with five percentage of damping see figure (3.6).  

 

Figure (3.6) Parameter Acceleration Spectrum Response 

 

Response modification; Based on the Australian code AS1170.4,2007, the response spectra 

design updated meaningfully along with improvements in response acceleration 

calculation, velocity, and significantly displacement for a specified position and site. Also, 

the low-moderate seismic zone reflected better than before. The response factor for 

buildings Rf standardised and became much more accessible for design engineers to use it 

mainly for the push-over non-linear curvature in order to obtain a better calculation 

whenever necessary.  
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The philosophy of the building response is a comprehensive subject that can be defined in 

deepness but fast, instead of detailed. The connection between the ductility to building 

behaviour ratio and a factor of reduction Rf can be illustrated in figure (3.7).  Lam & Wilson 

proved that the factor of building response Rf defined by using a factor of over-strength Ý 

and factor of ductility µ with the same New Zealand notation. Griffith, M.C., Wu, Y. and 

Oehlers D. (2003).  

Figure (3.7) comparison of the Rf and µ/Sp relationship 

 

There are a few divisions inside the ASCE7 designed response spectrum (fig.3.8) these 

divisions located between the (T0 = 0.2SD1/SDS) and (TS = SD1/SDS), the acceleration 

response is fix and identical to SDS. Continuous velocity division overlays the period group 

of (Ts-TL) while the acceleration response of this group is proportionate to (1/T) and one 

second period is equivalent to SD1.  

For the Long period of spectrum response, it can be identified base on the TL limitation, the 

period that represents the moving from continuous velocity division to continuous 

displacement division of the design spectrum response. The accelerated response in the 

continuous displacement division (T ÓTL), is proportionate to(1/T2) and TL values can be 
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obtained from ASCE7 (Fig.22,12 to 16) which is plotted based on two-stage techniques, 

the relationship between the seismic degree and the recognized TL and then the modal 

degree from seismic hazard classification motion ground for two seconds period. 

To calculate the design response spectrum using the ASCE7 without the needs specific site 

motion ground, curvature can be created as figure 3.8 and follow the procedure below: 

¶ find the Sa, design spectral acceleration response for period lower than T0 as mentioned 

below: 

 

    

EQ. 

(1.21) 

 

¶ Find the SA, design spectral acceleration response for a period more than T0 and lower or 

same as TS which is the same as SDS. 

¶ find the Sa, design spectral acceleration response for a period more than TS and lower same 

as TL as mentioned below 

 

EQ. 

(1.22) 

¶ find the Sa, design spectral acceleration response for a period more than TL as mentioned 

below 

      

EQ. 

(1.23) 

T   = the essential period of the building in the second  
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TL = long period changeover period in second exposed in ASCE7, Figures (22, 12 ï 22, 

16).          And  

Figure (3.8) response spectrum design 

 

Based on the American slandered, The Spectral Acceleration Design limits to design 

structure implemented for earthquake purpose needed 2/3 MCER spectral response which 

is described in sec11.4.4. By obtaining the additional limits SDS & SD1 and as shown in 

the equation below. 

 

EQ. 

(1.19) 

 

EQ. 

(1.20) 

While the time period for 1.0 second which is based on using the site position, the long 

period transaction for one second TL can be specified using the figure above (figure 2.10). 
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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 design. 

By having the site passion, the values of the MCER motion ground can be found from 

ASCE7 figure 22-8. Adopting the PGA value and site classification, the FPGA coefficient 

can be found in line with sec.11.8.3, table 11.8-1, and equation 11.8-1, PGAM can be found. 

The value adopted to estimate the possible soil liquefaction/ strength damage. The PGA 

used to estimate the seismic dynamic lateral earth stress for retaining walls, and basement 

design is calculated as  

2/3 PGAM = 2/3 PGA g EQ. 

(1.24) 

ASCE7, 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 MCEG PGA is 

found from national maps of PGA for bedrock B Site Class times FPGA site coefficient 

gain for other site classes PGAM.  

PGAM = FPGA PGA EQ. 

(1.25) 

Alternatively, building regularity divided into two components vertical and horizontal 

regularity and can be found in table 2.19&20. (Applied Technology Council, 1978). 

Also, the Australian code required to contain the ductility capacity as a minimum equivalent 

to the matching assumed reduction force factor wither the designer used the in-elastic or 

reduced spectra. When the Sp/ɛ value reduces or in another term, increasing the factor of 

building response and ɛ/Sp, the building will imbibe the growing energy and consequently 

is calculated for a lesser amount of direct actions nevertheless for extra plastic volume 

capacity. 

 



 

65 | P a g e 
 

System Ductility (µ) Over-strength (Ý) response factor Rf = µ*Ý 

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 (3.21) Õ and Ý used in the AS1170.4, 2007 without using it in the notation 

 

The AS1170.4,2007 introduced a new classification and name it ñLimited Ductilityò which 

contain a ductility ɛ is two, and this needs a basic detail and specification of standard 

materials from the AS3600, 2001 Concrete Structures. At the same time, the ɛ of the 

ñModerate Ductilityò is three which needs special details as mentioned in the AS3600, 2001 

Concrete Structures. The last type is the ñFull Ductilityò with ductility ɛ is four which is 

eliminated from the AS1170.4,2007, and it is possible to study it using the New Zealand 

standard NZ1170.5, where advanced procedures are implemented to obtain plastic capacity 

and possible ductility at the connection point and specific hinges. It is highly complicated 

to make the details in order to reach the desired ductility on the other hand and regarding 
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the ductility value one, the building assessed to be full elastic during the full actions. Below 

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

Figure (3.10) comparison of the Rf and µ/Sp relationship 

 

The AS117.4, 2007 presented the spectral shape factor taking into the consideration, the 

building period and condition of the site. The site reverberation contains a significant 

impact on the ground motion magnifying. 

The old code AS1170.4,1993 is conventional regarding response displacement and velocity 

raised at the same time with the rise of the natural period which is not physically correct. 

Figure (3.11) show us the response spectra equation of each stage. In this figure, the 

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

location coefficient of the displacement-controlled zone and the velocity of the response 

spectrum is Fv. 
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Figure (3.11) required curvature symmetrical 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 instead 

of two and helve indicated a good knowledge phenomenon of high magnification spectral 

in short period array with incorporate earthquakes.  

Calculating the acceleration response spectrum equation for the AS11700.4, 2007 is a 

revise from the 1993 version which is more accurate for the response level to illustrate the 

resonance.  

The spectral shape factor as a function of period Ch (T) can be taken from the AS1170.4 

table 6.8 or figure 6.4 as shown below 

 

Figure (3.12) normalised response spectra for site SUB-Soil class6 
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Table (3.13) spectral shape factor as a function of period Ch (T) 

 

The structural ductility factor (ɛ) is the second required parameter along with the structural 

performance factor (SP) which can 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 case 


























































































































