Code Comparison of Structural Design Actions Part 4
Earthquake Actions in Australia AS1170.4 — 1993 & @07

Deborah G Hegarty ME (Hons), B.Sc. (Eng), Dip. BMé¢iAust CPENg
September 2009

ABSTRACT:

With the introduction of the new code AS1170.4 ©2E&arthquake Actions in Australia, it was
vital to establish the consequences to the dedigtmuxtures.

This paper investigates the differences between dide AS1170.4:1993 code and the new
AS1170.4:2007 code. With a detailed comparisorhefdifferences between the Notation, Factors
and the calculation of the Design Base Shear.

The assumptions made for site soil class, strucgystem and performance for calculating the
percentage of seismic loading that the lateralstiegi system are subjected to have significant
implications to structures. Also revision in thécctation of the natural period of the structures h
bearing in relation to the height of structures #ra most effected.

The magnitude of the design base shear appliedlifgtructural system types and for all sub-soil
classes has been calculated. Graphs showing thenpegge of seismic weight applied to structural
systems for all the sub-soil classes have beenupead which allows immediate implication
recognition.
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1 INTRODUCTION

An increased global awareness of natural disadterdo environmental changes has influenced our
assessment of risk. Historically seismic risk ins&kalia was considered to have low seismicity and
that events have mainly effect unpopulated areas.tD Australia’s low seismicity, buildings have
not been designed for the ductility required fogher return period events which increases
vulnerability to a catastrophic disaster. Risknis tombination of the event and the vulnerability o
structures.

The prevention of structural failure due to natuislhster events such as earthquakes in Australia
has been of utmost concern since the developmehedirst code in the 1970’s. Since then there
has been development in understanding the phygesabgical element, structural behaviour and
risk assessment. Further to the unexpected disastsewcastle, NSW, in 1989 there was an
updating of the AS2121 1979 code which was the A81t1993 code, which has been developed
further into the AS1170:2007 code of today.

Why, How and So What? Are all questions that mesafswered to understand the reasons there
have been revisions and the implications of themtlie safe design of structures to withstand a
seismic event.

It was originally considered to develop a new cddereplace the AS1170.4:1993 code in
combination with the earthquake codes of New Zeh#ard Australia but due to extreme difficulties
in the drafting stages due to differences in thensieity of the two countries it was decided toftira
two individual documents. In the new AS1170.4:200de the design methods have been simplified
and where possible similar notation has been wsttetNew Zealand code [28] [29].

The old and the new codes [4] [7] vary in notataond therefore the revisions will be described in
detail prior to the implications being examined $tructural systems in Section 10. It should be
noted that a comprehensive list is presented dhalfevisions that have been made in the pretace t
the new code. There have been 20 revisions noted.

2 SITE HAZARD

The acceleration coefficierd, “an index related to the severity of earthquataigd motion” in the

old code [4], is now notated as the Hazard Fagtar,the new code [7].The maps used represent the
10% chance of exceedance in 50 years of the defaved, corresponding to the average recurrence
level of approximately 500 years. Therefore thera iL0% chance that a 500-year earthquake will
occur during a 50 year period, and a 90% chandéttvan't.

Six cities around Australia have revised site héfactors however the contour maps have remained
the same. Darwin for example in both the old and/ meaps was located on the 0.09 contour
therefore this revision is more a correction ofaltetable than an increase in the hazard factor.

In AS1170.0:2002 Appendix D, the probability facalows for the use of annual probability of
exceedance as a means of setting the level of rpefece. The structure type reference was
replaced by importance level. The probability fadgtorequired to scale spectra to return periods
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other than 500 years, as required for the senvilityalmit state and for various combinations of
structural importance level and reference periédgortion of the probability factors are shown
below and compared

Probability
Annual Probability of Factor (kp)
Exceedance 2002 2007
1:2500 1.80
1:1500 1.50
1:1000 1.40 1.30
1:800 1.25 1.25
1:500 1.00 1.00
1:250 0.75

Table 2-1 this table shows the differences betwikerProbability factor (kp) for AS1170.0:2002 ApdenD [6] and the
AS1170.4:2007 Values [7]

Table 2-1 shows the difference in the values ofptfodability factor k for the AS1170.0:2002 code
[6] and the new code [7]. The values shown in Table are similar to the New Zealand Return
Period Factor Rand R, Refer to Figure 2-1 (extract from NZS 1170.5 Supp04 [29]). This is
contrary to beliefs that for a low seismic counsrych as Australia, a ratio of the hazard factor
between the 2500yr and the 500yr event would betgrehan the same ratio for a high seismic
country such as New Zealand.
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Figure 2-1 Comparison of proposed R-Factors for Mealand with Hazard curves for 0.5s Spectral Acagilens [29]

In Figure 2-1 the values fop kave been derived by drawing a representativelireeigh the hazard
curves (response spectrum acceleration as a fanaticeturn period) normalized by the 500 year
values for various structural periods for a ranfiéocations. An equivalent representative line for
Australia would be expected to have been choseis fEsponse factor does not consider the
magnitude of the event and therefore is a scaéintpf only.
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There has also been significant revision to the BCA decreasing the annual probability of
exceedance values for importance level 3 and 4tates, see Table 2-2.

BCA Table Annual probability of
B1.2b exceedance
Importance
Level 2007 Previous
1 1:250 1:500
2 1:500 1:500
3 1:1000 1:500
4 1:1500 1:800
Table 2-2 this table shows the differences betwkercurrent and previous annual probability of exizance values from the
BCA [11].

With the decrease of the 3 and 4 Importance levahtannual probability of exceedance of 1:1000
and 1:1500 respectively means a multiplicationdiaof 1.3 and 1.5 on the base shear value rather
than a 1.0 and 1.25 previously used. In the neve ¢épa special study is required for importance
level 4 classification to ensure that they remairviseable for immediate use following the design
event for importance level 2 structures. That iss&y that the building deflections are to be
calculated using a,Kactor of 1.0 for the seismic load.

3 SITE FACTOR / SUB SOIL CLASS AND SPECTRAL SHAPE
FACTOR

Both the new and old codes use response specttefitee the magnitude of peak response of a

single degree of freedom system to a given seig@want. In earthquake engineering, response
spectra for a defined level of strong ground shgakire commonly used to define peak structural

response in terms of peak acceleration, velocity displacement. The response spectrum used to
define the site classification in the new codelieen revised.

3.1.1 Response Spectra and Spectral Shape Factor{T))

In the new code the spectral shape factor is intted and is the combined multiplication factor
taking into account the sites condition and thecstiral period of the building. The resonance ef th
site has large implications on the amplifying ¢¢ iround motion.

Wilson et al. [34] have shown that the old codei$4tonservative, as velocity and displacement
responses increase indefinitely with increasinginadtperiod, which does not reflect the physical
reality. Equations for the calculation and prodgaif response spectra are shown in Figure 3-1.

In Figure 3-1, Eis the site coefficient for the acceleration coltebregion of the response spectrum
and F is the site coefficient for the velocity and dis@eent controlled region of the response
spectrum. This maximum acceleration can be obtam#te new code [7] using the constant values
of C(T) for each sub-soil class, from Table 6.4, miighby the Z factor.
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Figure 3-1 shows the demand curve consistent WéhAiS1170.4 model [34] [35]

In AS1170.4 1993; RSVmax = 1.8(PGV)S

In AS1170.4 2007: RSVmax = 1.8(PGV)F

In both codes RSDmax =T 21m) RSVmax

Where PGV is the peak ground velocity was @%Md is now 750KZ.

Lam and Wilson specify a value for R@A = 3(kZ)Fa where “3” (instead 2.5) reflects the well
known phenomenon of high spectral amplification tive short period range with interplate

earthquakes. In calculating the acceleration resp@pectrum model the formulae have been
revised to obtain a more realistic response levefake account the resonance. These response

spectra have been adopted into the code and tHeatigns to the base shear multiplier has been
presented in Section 10.

3.1.2 Site Classification
The new code [7] defines the Site class accordairtgpth soil type and depth, which determines the

site’s dynamic stiffness and period. The soil tygpel depth are major factors in determining the
site’s dynamic response characteristics, along teghimpedance contrast with underlying rock, the

damping of the soil, and its degree of nonlinearity

1997 2007
Site Factor S Sub-Soil Class
0.67 Strong Rock Ae (0.8 F,) (0.8 Fy)
1 Rock Be (1.0F,) (1.0 F)
1.25 Shallow Soil Ce (1.25F,) (14 L)
1.5 Deep or Soft Soil De (1.25F,) 23 T,)
2 Very Soft Soil Ee (1.25 F,) (3.50 F,)

Table 3-1 shows the difference in the Sub-Soil Classes [22]
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Values for S, in the Table 3-1 are from Wilson dmn’s paper [22] and are the recommended
values for a return period of 500yr.

The Sub-Soil Class Factors S values in the new [gjdeve been increased significantly compared
to the old code [4] Site Factor, S. However the nalues of S have not been defined in the new
code [7]. The Sub-Soil class factor has now beembazed in the spectral shape factor.

4 SELECTION OF EARTHQUAKE DESIGN CATEGORY

The design requirements are constructed to refieatelationship between the use of a structure and
the level of earthquake motion it may be exposdrk Main concern with earthquake design is the
protection of life and the degree of exposure effihblic to earthquake risk.

In the new code [7], there are three earthqualegoats, | through to Ill. The intensity of the ete
predicted gets more severe as you move from lltd'lle simple description of requirements for
each category is as follows:

| —a minimum static check
Il — static analysis
[l — dynamic analysis

As in the 1993 code, each design category relatesdil type, ground acceleration and importance
factor based on type of structure but they hawe @ssidered the height of the structure.

As the new code gives general requirements fatalctures (regular or irregular), the inclusion of
height in the definition of earthquake design catg@llows for the definition of analysis type te b
selected. For importance level 2 structures a mimnof static analysis is required for all buildings
between 12m and 50m irrespective of the soil diaation. For buildings over 50m in height a
dynamic analysis must be carried out. This is aifsignt increase in the number and types of
structures requiring dynamic analysis.

For importance level 3 structures static analysisraquired for all buildings less than 50m

irrespective of the soil classification. For the snoenerous soil classification static analysis is
required for buildings less than 25m. For buildingsr 50m in height and for structures greater than
25m on soil class Ee, a dynamic analysis must bieedaut.

Although importance level 4 structures require ecgg study to ensure that they remain serviceable
for immediate use following a design earthquakengveshould be noted that all importance level 4
structures greater than 12m in height require dynamalysis.

With height restrictions governing the analysis moel; a more onerous but practical determination
of structural behaviour than previously consideredrequired. The engineer gains a greater
understanding of modal response and building itegijies when a computer generated model is
produced and analysed.
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There are an increased number of structures raguolynamic analysis with the new height

classifications used and this ensures that anakysiarried out for buildings, however regular they
were once considered. It will be seen in the comparof building systems in Section 10 that the
loadings for buildings within the longer period gas have been reduced. However, it is vital that
the dynamic behaviour is understood for sensiteftedtion demands.

The height of a structure is therefore a justifredthod for design analysis classification and the
revision will guarantee all structural implicatiomave been considered by the engineer.

5 PERIOD CALCULATION

The most significant revision is that structureshwiirst mode periods greater than 5 s have been
excluded by this new code.

In calculating the periods of vibration, the inihee of the flexibility of the supporting soils Hasen
considered, however, the topic of calculating tlaural period for the structure is still to be
expanded. The calculation of natural period of raicttire, with reasonable accuracy, is very
difficult.

The old and the new codes [4] [7] differ in theccdation of the natural period for structures. The
empirical methods used in both codes, as seen bdlmwot use material and sectional properties
appropriate to the limit state under consideration.

As it is the period associated with elastic respatgust below flexural yield which is of relevanc
the period should not be based on properties aracked concrete. However, the estimates in both
the old and new codes are likely to be conservdtvenulti-storey frames in so far as they are
likely to predict a shorter natural period and @s@asequence increase response.

These methods also do not take into account thmalasthape or properties of each structure. Hence
it should be noted that these approximate methadsbe used for initial estimates in preliminary
design, or in structural checking. It is strongdgg@mmended that a refined estimate be made based
on Rayleigh’s method once member sizes have béertes

The values obtained from the empirical formula¢gheftwo codes vary significantly as can be see in
the Figure 5-1. It can be seen in Figure 5-1 thatvalue for the natural period of most structures
calculated using the new code [7], are less coasigevthan the old code. It should be noted that th
calculation method detailed in the new code [7]ars empirical method set out in the NZS
1170.5:2004 [29] commentary. The New Zealand [2flecspecifies the Rayleigh method, this is
due to the fact that the formulae used in the nede @re derived from a high-seismicity region and
are considered conservative. When used in a regiomoderate - or low- seismicity they are even
more conservative, where structures have lowerinegjearthquake resistance and hence are less
stiff.
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Period Comparison for Construction Type
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Figure 5-1 this figure shows the variation in theziBds with heights for the AS1170.4:1993 and 2G0des [4][7]

It is shown that the periods are longer for monmesisting frame structures and eccentrically
braced frames have increased period values untilagproximate height of 140m. A less

conservative view is taken for “all other strucglireincluding building frame systems with

reinforced concrete walls, having a lower value fohdamental period when greater than
approximately 65m.

The new code [7] tries to bring the results of iweral force method closer to those of modal
response spectrum analysis. Due to the variatiopeinod calculation for different structural
systems, a direct comparison of the base sheaiptarlitcan not be carried out on a period basis.
The base shear multiplier will be compared in $&ctiO on a structural height basis.

6 RESPONSE FACTOR (R:), STRUCTURAL DUCTILITY FACTOR, p,
AND THE STRUCTURAL PERFORMANCE FACTOR, Sp

The theory of the structural response is a compiglie that could be described in depth but a quick
rather than detailed, discussion of the old andht#ve notation with relevance to code revisions will
be looked at here. Figure 6-1 shows the relatignehthe reduction factor¢Rvith the ductility to
structural performance ratio.

Wilson and Lam [36] demonstrate that the structtegghonse factor ¢Rwas previously proposed to
be defined in the new AS1170.4:2007 code [7] bygisi ductility factoru and an over-strength
factorQ but notation similar to the New Zealand [28] cods been used.
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Figure 6-1 shows the comparison of theaRd p/§ relationship [34]

In design using reduced or inelastic spectravita that the design includes ductility capaciyat
least equal to that corresponding to the assunree feduction factor. As the Sp/u value reduces
(.e. Rf and p/gincrease), the structure will absorb increasingrgyn and therefore is designed for
less direct load but for more plastic capacity.

System Ductility ( p) | Over-strength ( Q) | Ry = uxQ
URM 1.25 1.3 1.6
Limited Ductility 2 1.3 2.6
Moderate Ductility 3 15 4.5
Ductile 4 1.5 6

Table 6-1 shows the revised ductility and overrgjte factors used in the code but not in used iot§B6].

“Limited ductility” classification in the new cod&], with u=2, requires basic detailing as spedifi

in the material standard [8]. While “Moderate dlitgfi, with u=3, requires special detailing set-out
in the appendices of the material code [8]. Fullgtdle structures, with u=4, are out of the scope o
the new Australian standards and reference to thelN/0.5 [28] standards is required, where
sophisticated methods are employed to establisipldstic capacity and ductility available at the
joints and designated hinges. Detailing rules thieme these levels of ductility can be highly
complex. At the other extreme, for the value of [1.& the structure is designed to remain fully
elastic under the full loads. A relationship betwestrength and ductility is shown in Figure 6-2
below.

ideal elastic
B response 7
—_ o -
% A Essentially elastic
Q .JJSEF 'd’/ A response
E‘q =ty —m—"-—"-——"
W
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Figure 6-2 Shows the relationship between streagthductility [30].
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7 EARTHQUAKE BASE SHEAR

The equation for base shear has been aligned mt&mational standards and therefore notation and
factors have been revised.

The horizontal equivalent static shear force actihghe base of the structure (base shear) in the
direction being considered is calculated from til®i#ving equations;

7.1.1 AS1170.4: 1993 Earthquake Base shear
V =1(CS/R) Gy

C=1.25a/f% n=2/3; Factor=1.25

Base shear multiplier = V/G 1.25alS/RT*

There is a lower limit of V >0.01&and an upper limit of V< | (2.5a{RGq.
Also it should be noted thag keplaced | in AS1170.4:2002 Appendix D.

7.1.2 AS1170.4: 2007 Earthquake Base shear
V = Cy(T1)Wi

Cu(T1) = C(Ty) (S/1)
C(T1) = Gy(T1)kpZ
Base shear multiplier = V/V& Gy(T1)kpZ(Sp/u)

There is no lower limit for the value of seismiciglg to be applied to structures in the 2007 code.
For comparison of the earthquake base shear, thenage of seismic weight of the structure to be
used for calculating the base shear was obtainédyaphed for structural system types in Section
10. This percentage will be referred to as the Basar multiplier within this report.

Loading and combinations for gravity loads to beuased for static analysis have been included in
Section 6 of the new code, however there are giaoes of the live load multiplication factpg
stated in AS1170.4 as 0.3 and that defined in AS/NZ270.0 as 0.4. These two codes are to be
aligned.

The structural components to be included in theutadion of the seismic weight and the position of
application have been described in Section 1.5v@fnew code with provision of illustrations for
easy reference.

8 TORSION

A structures response in plan has large implicatimnthe forces induced in the lateral support
system due to torsion effects.
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8.1.1 AS1170.4:1993 Approximated Formulae

In the old code [4] the actual response of thectire is calculated by applying the earthquake
actions through the shear centre obtaining théc statentricity and then factoring it to include
dynamic amplification of the response.

e = Aies + 0.05b and 42€& Ases- 0.05b
Where, A = [2.6— 3.6(¢b)] or 1.4, whichever is greater
A = dynamic eccentricity factor = 0.5

The accidental eccentricities are added and subttdiom the appropriate factored case to ensure
that the more unfavourable case for the resistElgents on each side of the structure is included.

8.1.2 AS1170.4:2007 Approximated Formulae

Unlike the old code [4], amplification or de-ampdtion of the static eccentricities between the
centre of mass and stiffness is not required. iBhi®nvenient because normally the storey stiffness
centre cannot be uniquely defined with accuracy ian@ality the amplification factor calculation
requires tedious analyses.

For buildings with full symmetry of stiffness an@minal masses in plan, the analysis for the
horizontal components of the seismic action givesansional response at all. However, variations
in stiffness and uncertainty of possible torsionamponents of ground motion may produce a
torsional response even in the most fully symmaithailding.

Therefore to ensure a minimum torsional resistaano@ stiffness and limit the consequence of
unforeseen torsional response, the new code [ffdates accidental torsion effects by applying the
earthquake actions at a position £ 0.1b from thminal centre of mass, where b is the plan
dimension of the structure at right angles to tinection of the action.

It is conservative to assume that all the massethefstructure are displaced along the same
horizontal direction and in the same sense (+/9 @tne, however orientated to produce the most
adverse torsion moment must be considered.

It is completely impractical to study the effectsdsplacing the masses through dynamic analysis:
the dynamic characteristics of the system will geawith the location of the masses. Therefore
accidental eccentricity of the total horizontalsgeic component is considered with respect to the
centre of all the masses.

8.1.3 Torsion Comparison

There is not a direct comparison to be drawn betwibese two figures as discussed above.
However it should be noted that for theoreticablynplete symmetrical buildings (in plan), there is a
significant doubling of the accidental torsional mremt. Conversely, for the most onerous
unsymmetrical buildings the torsional effects prtliby the two codes correlate well.
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It is clear that in the new code [7] a more conatve method for calculating the torsional effects
has been provided for symmetrical buildings whilaintaining similar presentation of effects for
largely unsymmetrical buildings.

It should be noted that the simplified method faildings less than 15m in the earthquake I
category, eliminates requirement for torsion catohs by conservatively increasing load
multipliers.

9 DRIFT AND P-DELTA EFFECTS

As can be seen in Table 9-1 and Table 9-2 the&reemisions to the storey drift and inter-storey
coefficient values. The percentage differenceal@ilated using the following equations;

Storey drift % difference = [(up- Kd] / Kg
Inter-storey Stability Coefficient % difference @[u) - (1/Kq)] / (1/Kq)

The percentage difference for the design defleatoitiplier (amplification factor) is significantly
reduced for all “limited” ductile reinforced conteewall systems but with a 30% increase for
ordinary moment resisting frames in concrete.

1993 2007 % Difference in Design
Kd WSp Deflections Multiplier
System Steel RC [ Limited Ductile Limited Ductile
Bearing Wall 4 2.6 45 -35% 13%
Building Frame with RC Shear Walls 5 2.6 4.5 -48% -10%
Building Frame with CB Frames 4.5 4.5 2.6 4.5 -42% 0%
Ordinary Moment Resisting Frames
Steel 4 2.6 -35%
Concrete 2 2.6 30%
Intermediate Moment Resisting
Frames
Steel 45 45 0%
Concrete 3.5 4.5 29%

Table 9-1 Shows the percentage difference in ts@deleflections multiplier for storey drift caletion

For “ductile” bearing wall systems there is an @age of 13% in the design deflection multiplier
and an increase of 29% for intermediate momenstregiframes of concrete.

It can be seen that the multiplier for the intexsy stability coefficient has been significantly
increased for all systems by using the ductiligtda rather than the deflection amplification facto
in the denominator. This more conservative approashbeen used by proposing the use of ductility
alone, but note that this isn’'t as conservativahesNew Zealand code which does not use the
ductility factor at all.
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% Difference in inter- storey
1993 2007 Stability Coefficient
1/Kd 1/ u Multiplier
System Steel RC Limited  Ductile Limited Ductile
Bearing Wall 0.25 0.5 0.33 100% 33%
Building Frame with RC Shear Walls 0.2 0.5 0.33 150% 67%
Building Frame with CB Frames 0.22 0.22 0.5 0.33 125% 50%
Ordinary Moment Resisting Frames
Steel 0.25 0.5 100%
Concrete 0.5 0.5 0%
Intermediate Moment Resisting
Frames
Steel 0.22 0.33 50%
Concrete 0.29 0.33 17%

Table 9-2 Shows the percentage difference in ttez-Btorey stability coefficient for P-delta effechultiplier

The increasing of the inter-storey stability coméint increases the possibility of p-delta effects
having to be considered within the design.

10 CODE REVISION IMPLICATIONS TO STRUCTURAL SYSTEMS

“All buildings are not created equal when respdonsearthquake-induced forces is of concern” [30]

The challenge in seismic design of building streedus primarily to conceive and detail a strudtura
system that is capable of surviving a given levdateral ground shaking with an acceptable level
of damage and a low probability of collapse. Theioh of structural system and its ability to
perform under earthquake induced forces is of pauamimportance in the early design stages of a
project. The geometry and occupation requiremeetsout by the architectural intensions can have
large influence on the selection of system andtcoctson type.

The best way to understand implications to strattiesign is in terms of loading magnitude (either
increasing or decreasing), the comparison of thizdwtal design action coefficient was calculated
using both codes and the differences comparedtfoctaral systems. In this study each of the
following three structural systems were investigagebrief description is as follows:

Bearing wall systems

These are a structural system with load bearints\wabviding support for all or most of the vertica
loads, where shear walls or braced frames prove horizontal earthquake resistance. The
presence of minor load bearing walls in a structhat would normally be classified as a building
frame system does not necessarily mean that thetiste should be categorized as a bearing wall
system, as their contribution to lateral forcegtsice, if any, is often negligible.

Building Frame systems, with shear walls and concémcally braced frames

Are structural systems in which an essentially detepspace frame supports the vertical loads and
the shear walls or braced frames provided the botét earthquake resistance. While there is no
requirement to provide horizontal resistance invrtical-load framing, it is strongly recommended
that nominal moment resistance be incorporatetienvertical-load frame design. The vertical-load
frame provides a nominal secondary line of defeatthough all required horizontal forces are
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resisted by other earthquake resisting structystems. However, consideration should be given to
the deformation compatibility between individual migers. The presence of a frame can provide
vertical stability to the structure and preventajde after damage to shear walls or braced frames.
The frame also acts to tie the structure togethdrradistribute the horizontal force to undamaged
elements of the horizontal force resisting system.

Moment Resisting Frame System, Ordinary and Intermdiate

A structural system in which an essentially congkgiace frame supports the vertical loads and the
total prescribed horizontal earthquake forces ey ftexural action of the members. The beams,
supporting floors, and columns are continuous aedtmat nodes, often called “rigid” joints. The
entire horizontal force stipulated should be capalblbeing resisted by moment resisting frames.

Lateral Deflection Lateral Deflection Lateral Deflection

— —t b

Sway
Distartion

Wall Braced Frame Rigid Frame

Figure 10-1 Shows three of the structural systeses dor supporting lateral loads. A dual systens @aseombination of these
systems [13].

Figure 10-1 above shows diagrammatically the tetegtural systems and their deflection response
under lateral loading.

Graphs were produced for each structural systeim tiwé base shear multiplier will be represented
for the systems by a varying structural heighteathan by structural period, due to the difference
in calculation of period, for sub-soil classes Ad ®e.

It should be noted that the following comparisoss a hazard factor Z, of 0.08 and a probability
factor kp of unity and therefore if the locatiorffeliers or the annual probability of exceedance is
greater or less than 1/500 years, refer to the BIAA then the base shear multiplier will have & b
revised to suit.

It should also be noted that the robustness lihi2.6%, AS1140.0 Clause 6.2.2, has not been
considered in this study. There is a proposal thuge this figure to 1.0% robustness limit for
buildings less than 15m in height and 1.5% robwssthienit for buildings taller than 15m in height
which has also not been considered here, but uldhxe noted that the 1.5% limit will then be the
more onerous loading for longer period buildings.
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Outside the scope of this study are the simplifirehods allowed for in the new code.

For Earthquake Category |, a simple analysis laatbf of 0.10Wcan be applied to structures less
than 12m in height, unless a more detailed analysiarried out. Note that this only applies fob-su
soil class Ae, Be and Ce for Importance Level @cttires.

For Earthquake Category Il, a simplified designhuodtallows for the application of conservative
factors to structures less than 15m in height, whersion has been allowed for, unless a more
detailed analysis is carried out. This factor megyuire as much as 0.18Wt to be applied at theystore
under consideration for soil classes De and Ee.4E®.08 and k= 1.0)

10.1.1 Bearing wall systems

Figure 10-2 shows the difference in the base shnedtiplier for a bearing wall systems, for soil
class Ae. In the old code [4] the reinforced shealls were considered to be ductile if they are
designed, detailed and constructed to AS 3600 18] o additional detailing was required for
consideration in its Appendix A. In the new codé ¢@ncrete elements are not categorised into
structural systems, therefore allowing both “liditeand “ductile” detailing for any choice of
system. “Limited” ductility has been defined as igesand detailing to the standard without
Appendix A requirements and the definition of “Dl&tis to include detailing to Appendix A of
the material standard. This begs the questiomeisg¢quirement of no additional detailing, as state
in A10 of Appendix A, satisfactory for the assunaedtility level?

As “limited” elements in the new code are considdtehave no specific detailing requirements and
act relatively elastically, this is reflected iretincreased loading that is applied to these elesvaen
seen in the Figure 10-2. The total percentage efsttismic weight of the building applied to
“limited” ductile shear walls in base shear is P23 hat is an increase of 2.88% of the seismic load
being applied to these elements for buildingstless 8m in height.

Figure 10-2 it is shown that for ductile walls, thés a decrease in the base shear multiplierdtr b
short and long period structures. The total peegabf the seismic weight of the building applied
to “ductile” shear walls in base shear is 4.18%e Ttading applied in the old code is 4.35%
therefore no significant decrease (0.18%).

In Figure 10-2 for bearing wall systems on soiksl®e, for “limited” ductility elements it is shown
that there is large increased loading applied faitdings less than 100m in height. The total
percentage of the seismic weight of the buildingliag to “limited” ductile shear walls in base
shear is 11.32%. That is an increase of 6.88%eo$élismic load being applied to these elements for
buildings less than 16m in height (i.e. an appra@t@roubling of the load)
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Bearing Wall System Comparison for Soil Class Ae
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Figure 10-2 this figure shows the comparison oftthge shear multiplier for BWS, for Soil Class Aed &re.

Although the applied value of 11.32% of the seism@ght applied for buildings situated on sub
soil class De, which is considered the “worst” fdung material for Sydney’s Quaternary sands, this
is also the value applied to buildings below 8mdian-soil class Ce.

If for earthquake category I, a simple applicatmnl10% of the seismic weight is applied, for
buildings under 12m in height, the building may betconservative in its design.
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10.1.2 Building Frame systems, with shear walls and concémcally braced frames
Similar to the bearing wall systems it can be deeRigure 10-3 and Figure 10-4, that there is an
increase in the applied base shear multiplier fiddimg framed systems for soil class Ae.

Even on soil class Ae (Rock), the increases withenshort period range for the “limited” ductility
case have large implications for 1 and 2 storeydimgs using this structural building system.
However, the simplified application of 10% of thressnic weight seems too conservative for design.

Building Frame System Comparison for Soil Class Ae
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Figure 10-3 this figure shows the comparison oftthge shear multiplier for Building frame systemthvhear walls, for Soil
Class Ae.

The old 1993 code [4] limited the height of a bunfglframe system to a structural height limit of
70m in design category E. However, this is onlyirgef for importance level 4 structures on the
worst soil classification Ee. It can be seen inukégl0-4 that for limited ductility walls and frame
there is an increase in the multiplier for buildingss than 87m in height. The previous height limi
for the application of 1% of the seismic weighbw applied has been reduced from 69m and 87m,
in the fundamental and orthogonal direction respelgt to 51m for “moderately ductile” structures;
implying that taller buildings experience a redusetsmic loading applied and is maintained at 87m
for the “limited” ductile concentrically braced free.
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Building Frame System Comparison for Soil Class Ae
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Figure 10-4 this figure shows the comparison oftthse shear multiplier for Building frame systemthw@BF, for Soil Class
Ae.

Building Frame System Comparison for Soil Class De
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Figure 10-5 this figure shows the comparison oftthse shear multiplier for building frame systenith 8hear walls, for Soil
Class De.

In Figure 10-5 and Figure 10-6 below it can be dbean for “limited” ductility elements there is
large increased loading applied for buildings kss 145m in height on soil class De. It should be
noted that for “Moderately ductile” braced framasthie new code [7], there is an increase in the
base shear multiplier for short period structunesyever after a height of 29m the difference ig/onl
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0.44% and after a height of 75m (correspondingrataral period of 1.6secs), decrease can be seen
in the longer period range.

Building Frame System Comparison for Soil Class De
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Figure 10-6 this figure shows the comparison oftthge shear multiplier for building frame systems CiBFSoil Class De.

10.1.3 Moment Resisting Frame System, Ordinary and Intermdiate

Ordinary Moment Resisting Frames (OMRF) — Moment resisting frame with no particular
earthquake detailing, specified in the relevantemaitstandard AS 3600 [8] and AS4100 [9]. In the
old code [4], a height limitation of 50m above thieuctural base of the structure, applied for
ordinary moment resisting frames where the prodtietcceleration coefficient and site factas]

is greater than or equal to 0.1 (1993) i1, (2002). This height restriction is not appliedtie
new code.

Intermediate Moment Resisting Frames (IMRF)— Moment resisting frame of concrete or steel
which is designed and detailed to achieve modstaietural ductility.

In Figure 10-7 it can be seen that there is ardiffee in the base shear multiplier for both stedl a
concrete ordinary and intermediate moment resistamges on soil class Ae.

For OMRF the total percentage of the seismic wetfhthe building applied to both material
ordinary moment resisting frames is 7.23%, an emeeof 2.23% (a total of 30% increase). For
IMRF the total percentage of the seismic weighthefbuilding applied to both materials is 4.18%,
an increase of 0.91%.

In Figure 10-7, it is shown that this increasedling has a very steep decrease rate within the shor
period range, and at the 12m height (corresponttirey period of 0.6 sec and 0.9 sec for RC and
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Steel material type) it can be seen that thereéslaction in applied load. The percentage loaas st
to reduce at approximately 6.9m and 4.1m in hdighRC and Steel respectively.

Ordinary Moment Resistant Frame Comparison for Soil Class Ae
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Figure 10-7 this figure shows the comparison oftthse shear multiplier for OMRF and IMRF, for Soil &lade.

Figure 10-7 only considered loading increases @il dass Ae. The increases within the short
period range are significant and have large imptioa for 1 and 2 storey buildings for both
concrete and steel construction. The assumptitimsstructural system inherently requires dugtilit
detailing therefore ensuring consideration of panance level achievable. There is a lot of usage of
this construction type for warehouses and storag#ities and increased loading will effect both
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connection design and deflection and sway condides If the simplified method is used a far
more conservative loading will be applied to thssactures and full analysis would ensure a much
more economical design.

In Figure 10-8 and Figure 10-9 the total percenta#dgbe seismic weight of the building applied to
ordinary and intermediate moment resisting framassoil class De, is 11.32% and 6.54% (for RC
and Steel) respectively. That is an increase d%.and 6.88% OMRF and 3.2% and 3.5% for
IMRF, of the seismic load being applied to this stamction type for 2 to 3 storey buildings (a
doubling of load).

For OMREF it is shown that this increased loading havery steep decrease rate within the short
period range with reductions in loading occurrih@@m and 22m (corresponding to a period of 1.3
sec and 1.4 sec) for RC and Steel. In the old doeleninimum loading of 5% and 4.44% for both
RC and Steel was applied for all structures un8er B height (corresponding to a period of 0.8 sec
and 0.6 sec for the fundamental and orthogonattitwe for both material types).

Ordinary Moment Resistant Frame Comparison for Soil Class De
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Figure 10-8 this figure shows the comparison oftthge shear multiplier for OMRF, for Soil Class De.

In IMRF it is shown that this increased loading hagery steep decrease rate within the short period
range with reductions in loading occurring at 2Gmd 46m for RC and Steel. In the old code the
minimum loading of 3.33% and 3.08% for both RC &tedel was applied for all structures under
28m and 35m in height (corresponding to a perio@.8fsec and 0.6 sec for the fundamental and
orthogonal direction for RC and steel respectively)

As stated previously soil class De requires desmn Earthquake Category Il not allowing
simplified application of 10% to be used. It shobknoted also that in the old 1993 code a moment
resisting frame in a dual system had a restridgtian if over a structural height of 30m then a sgec
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moment resisting frames had to be provided dowhedooting, which are outside the scope of the
new 2007 code.

Intermediate Moment Resistant Frame Comparison for Soil Class De
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Figure 10-9 this figure shows the comparison oftthge shear multiplier for IMRF, for Soil Class De.

11 DISCUSSION

The assumptions made for site soil class, structystem and performance have large implication
to the percentage of seismic loading that the dhtessisting system are subjected to. Where as
revision in the calculation of the natural periddhee structures also has a bearing in relatiottéo
height of structures that are most effected.

Again, please note that thg flactor has been taken as equal to unity for tbeparison and the Z
factor has been taken as 0.08, representing intipisafor Sydney structures.

A summary of the comparisons for the increased ieidin the short period range are shown in
Table 11-1 below. It should be noted that therange reductions for buildings within the longer
period ranges.

It should be noted that in the case of buildingnieasystems there has been a tripling of the load
previously applied to a limited system.

Although loadings have been increased dramaticadiyecially for the more onerous soil classes the
actual cost of designing a structure to surviveiansic event is a fraction of the overall cost of a
building.
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The basis of a buildings survival during a seisewent is in the ductility detailing of the lateral
supporting system and the behaviour of framing et@mwhether structural or non structural to
deformations and stresses induced by the event.

By using the comparison tables of the earthquake bhaear multiplier above for the calculation of
applied lateral loads to a structural system, iogpions of the new AS1170.4: 2007code have been
demonstrated.

Structural System Comparison of the Base Shear Multiplier (Percentage of Seismic Weight)
AS1170.4:1993 AS1170.4:2007 Difference

Kp=1.0 & Z=0.08 Ae De Ae | De Ae | De
Bearing Wall System
Limited 4.35% 4.44% 7.23% 11.32% 2.88% 6.88%
Ductile 4.35% 4.44% 4.18% 6.54% -0.17% 2.10%
Building Frame System with Shear Walls
Limited 3.27% 3.33% 7.23% 11.32% 3.96% 7.99%
Ductile 3.27% 3.33% 4.18% 6.54% 0.91% 3.21%
Building Frame System with Concentrically Braced Frames
Limited 4.00% 3.97% 7.23% 11.32% 3.23% 7.35%
Moderately ductile 4.00% 3.97% 4.18% 6.54% 0.18% 2.57%
Ordinary Moment Resisting Frames
Concrete 5.00% 5.00% 7.23% 11.32% 2.23% 06.32%
Steel 4.35% 4.44% 7.23% 11.32% 2.88% 6.88%
Intermediate Moment Resisting Frames
Concrete 3.27% 3.33% 4.18% 6.54% 0.91% 3.21%
Steel 3.08% 3.08% 4.18% 6.54% 1.10% 3.46%

Table 11-1 shows the comparison (percentage diffe® of the seismic weight loading multiplier A&$1170.4:1993 and
2007 code [4] [7] for all the structural systems.

Structures designed to the new code are more likeBurvive and have less damage for seismic
events with larger reoccurrence intervals thantiexgsstructures. Therefore the next step in the
comparison of the AS1170.4:1993 and 2007 code eneitablishing the implications to existing
buildings and to develop as assessment method efwvations required, with critical limits
determined and defined.
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