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NOTES ON THE NEW NEW Z E A L A N D E A R T H Q U A K E 
L O A D I N G P R O V I S I O N S 

D. K o l s t o n * 

ABSTRACT 

The paper indicates various aspects of the new earthquake loading provisions 
which are at present still in draft form. 

Important changes from the previous code include requirements regarding 
ductility, energy dissipation, capacity design, concurrency effects, 
foundation design, torsional effects and separation of elements. The 
seismic design coefficients for buildings and part of buildings are related 
to zoning, building period, subsoil, importance factors, structural type, 
structural material and risk factors. Dynamic analysis is directly related 
to the codified equivalent static force spectrum. 

1. INTRODUCTION 

Since the beginning of 1971 the loadings 
committee of the New Zealand Standards 
Institute has been engaged on the revision 
of the present Chapter 8 of N.Z.S.S. 1900 
"Basic Design Loads". 

With the introduction of zoning, deter
mination of building period and consideration 
of ductility. Chapter 8 represented in 1965 
a radical departure from the previous N.Z.S.S. 
95, Part IV. 

In subsequent amendments, some of these 
concepts had been further enlarged or revised 
but it was agreed among designers in general 
that a drastic revision of the code was 
urgently required to incorporate the increased 
knowledge which has become available in the 
last 10 years. 

Such a revision* would therefore take into 
account the evidence gathered from recent 
earthquakes and the ever increasing amount of 
research and technical literature on the 
subject which has become available over the 
past 10 years. 

At present it is left to the individual 
informed designer to decide on the desira
bility of the inclusion of a particular new 
consideration or provision in his designs. 

For the un-informed designer, the 
situation is more serious because the bliss
ful ignorant can be a menace to himself and 
others. Without codification this leads to 
widely varied standards. Commercial 
competitive pressures could favour the less 
informed designer and prevent the application 
of sound engineering principles. 

This aspect can be particularly important 
in a "Design and Build" situation which is at 
present much more prevalent than, say, 10 
years ago. 

Up-to-date provisions should certainly 
assist informed designers in this regard. 

In accordance with the new policy adopted 
by the Standard Association of New Zealand 

* Consulting Engineer, Structon Group 
Architects, Wellington. 

(S.A.N.Z.), the standard will consist of a 
Bylaw portion called "General Design and 
Construction Requirements and Design 
Loadings" which only contains general and 
legal requirements, and a Code of Practice 
which forms a "means of compliance" approved 
to be used as meeting the Bylaw require
ments . 

The "means of compliance" format has 
been adopted by S.A.N.Z. for all building 
Bylaws for two main reasons: 

(a) to reduce the legal complications 
facing a local authority in the 
adoption of the Standards Model 
Building Bylaw, 

and 

(b) to enable technical requirements to 
be written in a more flexible format 
than appears to be possible within 
a Bylaw. 

At the time of writing these notes, 
both the Bylaws portion and the Code of 
Practice have appeared in draft form but 
neither of them have been finalised. 

Completed first drafts were circulated 
for comment during the months of March to 
May 197 3. Some 150 comments have been 
received regarding the earthquake provisions 
alone, which shows the magnitude of the 
interest taken in the subject by the 
engineering fraternity at large. Unfortu
nately , allied professions like architects, 
whose designs are vitally affected by codes 
such as these, do not appear to show much 
interest. 

As a result of these comments, further 
available literature, and consideration by 
the committee, amended drafts have been 
prepared and the notes in this paper are 
based on the January 1975 version. 

It is assumed that conference partici
pants will have copies of the latest drafts 
at the time of the conference, otherwise 
relevant tables etc., will be distributed 
at the time. 

Seismic design is intimately linked 
with code provisions for gravity loads. 
The code of practice incorporates the 
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gravity loadings and load factors to be used 
in design. The revisions of these items 
will effect the design of the chosen energy 
absorbing elements, which consequently effect 
the other structural elements. 

Commentary on clauses in the Code of 
Practice are printed on the facing page of 
the clause considered. 

This format follows the method adopted 
by British Codes of Practice. 

Although more costly as far as the use of 
paper is concerned, the state-of-the art in 
seismic design makes the commentary an 
important aspect of the code. 

The low sales figures of the present 
separate booklet MP12 "Commentary on 
Chapter 8" suggests that designers are not 
necessarily aware of the reasons for - and 
the limitations of - the various present 
requirements. As the present commentary 
serves the dual purpose of simultaneously 
providing more detailed information and 
avoiding the codification of more arbitrary 
matters it is of importance that designers 
are constantly made aware of their existence. 
It was therefore considered that the rela
tively small extra expense would be justified 
in the interest of good design. 

provides reasonable technical requirements to 
satisfy that Bylaw. 

It is understood that other standards 
might later also qualify. Our notes today 
are confined to the N.Z.S. 4203 Code of 
Practice. 

The circulated drafts of the code have 
been produced in four parts as follows: 

Part 1: General Structural Design and Design 
Loadings. 

Part 2: Dead and Live Loads 

Part 3. Wind Loads 

Part 4: Earthquake Provisions. 

In the final version, these parts will be 
combined into one document. 

Our notes are confined to Part 4, apart 
from some relevant observations related to 
capacity design etc which is obviously also 
influenced by load factors (defined in part 
1) and loadings (defined in part 2 ) . 

The committee considers that the earth
quake provisions of Part 4 comply with the 
intention of the Bylaw mainly for two reasons: 

2. GENERAL REMARKS 

The Bylaw portion of the Standard states 
that: 

"8.1 The design and construction of any 
building shall be such that: 

(a) All foreseeable loads likely to be 
sustained during the life of the 
building will be sustained with an 
adequate margin of safety; 

(b) Deformation of the building will not 
exceed acceptable levels (under these 
loads); 

(c) In foreseeable events that occur 
occasionally, such as moderate earth
quakes and severe winds, structural 
damage will be avoided and other damage 
will be minimized; 

(d) In foreseeable events that occur very 
seldom such as major earthquakes and 
extreme winds, collapse and irreparable 
damage will be avoided and the 
probability of injury to-or loss of 
life of people in and around the 
building will be minimized. 

8.2 Buildings that comply with N.Z.S. 4203 
"Code of Practice for General Structural 
Design and Design Loadings" shall be approved 
as complying with the requirements of clause 
8.1" . 

In the first clause, the Bylaw portion 
defines the essential requirements for the 
design and construction of a building in 
regard to loadings. 

The second clause indicates the code of 
practice which at this stage forms an 
acceptable means of compliance which means 
that it is considered that this document 

1. The absence of major earthquakes in New 
Zealand in the last 10 years in areas 
where current design practice could be 
tested does not allow for a significant 
change in the selection of the average 
seismic code loads. This means that 
there is no evidence to suggest that the 
level of present provisions is basically 
in error. 

2. Overseas earthquakes have confirmed the 
need to incorporate in the design of 
structures the concept of capacity design 
(San Fernando), ductility provisions 
(San Fernando and Caracas), increased 
loadings for less dutile structures 
(Tokachi-oki), and the avoidance of the 
use of non-ductile elements which alter 
the strcutural behaviour (Caracas). 

The importance of ductile detailing for 
framed structures is now generally realised 
by designers. 

At this stage, and in view of 1. above, 
major changes for ductile structures have 
not been adopted but the structural type 
factor for this category has been reduced by 
20%. This is an effective reduction in 
horizontal load by the same amount. A 
further reduction is not warranted unless it 
can be determined that the basic design loads 
are excessive because for a given earthquake 
load on the structure the ductility demands 
are increased proportionally to the lowering 
of the design loads. 

Code requirements are mainly devoted to 
the equivalent static force analysis and the 
alternative dynamic spectral modal analysis 
which is permitted by the code is now related 
to the value of the seismic design coefficient 
C^ for each mode. This will ensure that the 
values for damping and ductility which are 
inherent in the choice of this coefficient 
for the static method will automatically be 
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reflected in the spectral modal analysis. 
This also obviates the need for a choice of 
actual damping and ductility values for 
various materials and structures. At present 
the literature and various available codes 
supply such conflicting information for these 
parameters that codification is considered 
to be premature. 

For instance, the draft recommendation 
by the Building Research Institute of Japan 
on the design seismic forces for Japan gives 
damping ratio's of 1% for steel and 3% for 
reinforced concrete. 

The Los Angeles proposed building code 
amendment of April 28, 1972 indicates ratio 1s 
of 2% to 7% for steel and from 5% to 10% for 
concrete mainly depending on the character 
and extent of non-structural elements. 

Every designer knows that such possible 
arbitrary variations makes nonsense of any 
pretense that a spectral modal analysis 
would be superior to the static code 
provisions for regular buildings. 

The most important change introduced by 
this code is the extension of the previous 
formula V= K C W f c into V = C I S M R W t . 

The single term K has thereby been 
extended to a multi-term evaluation of 
several aspects which were previously com
bined into one or had not been considered 
at the time. 

The actual choice of factors has been 
based on an apparent logical relationship 
between them rather than on actual factors. 
It is realised that the apparent sophisti
cation of the formula would then appear not 
to be justified. However, the previous 
single factor represented a combination of 
considerations and designers were not 
necessarily aware of these. 

The new appraoch will draw the designer 1s 
attention toward the need of a choice 
between the various alternatives which are 
available. 

Such a conscious choice should stimulate 
further investigation and hopefully, better 
design than before. 

In this respect, even arbitrary rules 
sometimes serve a good purpose. The 
classical example of this is the previous 
arbitrary height limit on the use of 
reinforced concrete buildings which led to 
considerable research and resulted in our 
appreciation of ductility requirements. 

The simplicity is gone but our structures 
should improve because of the lower 
coefficients which may be used for better 
structures. 

The design of parts and portions of 
buildings is further extended to incorporate 
not only the likely behaviour of the building 
but also the characteristics of the part under 
consideration. This section is seemingly 
complicated but the factors can be readily 
established for a particular building. One 
of the advantages of the method is again 
that the designer is made aware of the various 
choices which are available. Limits are set 

which are related to the estimated likely 
response from an El-Centro type earthquake, 
and the designer could, of course, use the 
higher limits if he so desires and not bother 
about the more complicated assessment. 

The original drafts included a provision 
for vertical earthquake effects on columns 
and shear walls. This requirement was 
dropped because at this stage it is unknown 
to what extent vertical accelerations (.2 to 
.3 g recorded for San Fernando) coincide 
with the horizontal design earthquake effects 
and also what the amplification effect is of 
the vertical forces up the height of a 
building. 

In particular the Caracas earthquake has 
shown the importance of the separation of non
structural elements from the structure. The 
previous Code had no requirements in this 
respect as long as the interstorey deflection 
was limited to .0025 of the storey height 
(1/400 h) for the design load. This 
requirement would accept an actual deflection 
exceeding 2 5mm per floor with resulting non
structural damage and, perhaps more important, 
a possible marked effect on the behaviour of 
structural elements. 

For this reason, non-structural elements 
are now required to be separated from the 
structure when the computed inter-storey 
deflection exceeds .0003 of the storey height. 
In practice this means that all framed 
structures will have such separation provisions. 

3. DESIGN PRINCIPLES 

We will discuss the following items which 
form the first technical part of the code 
which deals with basic design requirements. 

3.1 Symmetry: 

This is really the most fundamental 
starting point for good earthquake resistant 
design. Even for symmetrical structures, 
recent studies have indicated that torsional 
responses are greater than assumed in the 
past, also due to relatively apparent minor 
variations in subsoil conditions. The new 
code has therefore drastically changed the 
present torsional provisions. 

The uncertainties which exist with the 
design of regular buildings are greatly 
enhanced as soon as the structural elements 
of a building are dissimilar. These 
uncertainties certainly will have to be 
avoided when the concept of capacity design 
is used to ensure that primary structural 
elements remain intact. The commentary 
makes the point on the choice of the correct 
mathematical model for a complex arrangement 
of combinations of various structural 
elements. At this stage, for instance, there 
is still considerable doubt about the number 
of hinges which develop in beams up the 
various floors in a building during an 
earthquake. The assessment of the interaction 
between the relative hinged or cracked strength 
between shear walls and frames is virtually 
impossible. 

In practice, the architectural design of 
the building makes it often impossible to 
obtain a symmetrical planned layout. Engineers 
will now introduce separations between the 
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structure and walls which could act as 
unfavourable elements in the building 
design. The introduction of disconnected 
light weight materials has the effect of 
reducing the damping of the building with 
resulting increased interstorey deflections 
and a general different response of the 
buildings to the seismic disturbance 
because of lower damping values. 

3.2 Ductility: 

The code clause on ductility is similar 
to the clause in the previous code. The 
commentary clause specifies the concept of 
"adequate" ductility. This "adequate" 
ductility is presumed to be provided if 
designers follow the provisions in the 
various material codes. 

For the concrete code, provisions have 
now been in general use for some years and 
are constantly being updated. Provision 
for structural steel, masonry and prestressed 
concrete are in the process of being 
formulated at present. 

In practice the provisions are only very 
definite for columns and beams. Even here 
more experimental investigation is still 
required. Adequate ductility of shear wall 
systems is at present less clear. 

The commentary stresses the point that 
the ductile provision are based on the 
assumption of a structure consisting of 
symmetrical frames without sudden changes 
in storey stiffnesses. 

For other buildings, the commentary 
refers to the necessity to determine maximum 
section curvature ductility demand by a non
linear analysis. Such an analysis should 
take account of earthquake imputs appropriate 
to the site. 

It is clear that this procedure can only 
be contemplated to be used in very exceptional 
cases and that the "state of the art" would 
still require a most careful assessment of 
the results. The smallest shift in the 
calculation of the building period might 
produce results with a variation approaching 
100%. 

The commentary also provides a more 
practical alternative which is based on the 
equivalent deflection criterium for the 
irregular framed building, based on a 
ductility factor of 4. 

The acceptance of a reduction of 20% in 
the horizontal load carrying capacity of the 
building in at least eight load reversals is 
in line with the acceptance of a reduced 
ultimate moment capacity of a confined 
section of 8 0% of the maximum moment which 
the section can develop. 

In this way, the recommendation is 
related to the present standards for member 
ductility. 

It should be realised that the procedures 
indicated in the commentary for irregular 
framed buildings are really quite arbitrary. 
They are based on work carried out at 
Canterbury University by Park, Blakeley, Kent 
and others. 

Details are provided in the papers 
referred to in the Reference list. 

For many designers, the commentary will 
still be quite obscure. This is probably 
just as well if it ensures that designers 
will not venture too far into the unknown 
without realising the pitfalls which exist. 

Elements within the building which do 
not form part of the earthquake resisting 
structure must be investigated to ensure 
that these elements can keep on functioning 
under the specified deflection of four 
times the deflection at first yield. 

The point is, that even for elements 
which are purely supporting gravity loads, 
it may be necessary to apply the ductility 
provisions to these members and to examine 
preferable hinge positions. More brittle 
elements require special attention. 

3.3 Energy Dissipation and Capacity Design: 

Earthquake records show that building 
structures are called upon to withstand 
loads far in excess of the loadings in the 
code. 

These loads are resisted inelastically 
by yielding of structural elements. 

For the desirable behaviour of a 
structure, it is important that such in
elastic yielding (or hinge forming) occurs 
in the elements of the structure which will 
not give rise to any subsequent undesirable 
behaviour such as could occur if hinges 
were to develop in all the colums of a 
particular storey in a building. 

In such a case, that building storey 
could collapse while the rest of the 
structure is still in relatively good shape. 
If this storey happens to be the ground 
floor of a 20 storey building, the fact that 
only 5% of the building behaves in this way 
will still be of small comfort to the 
occupants, owner and insurer of the building. 

For this reason, the concept of capacity 
design has been made mandatory in the code. 
This applies to the design of beams in 
framed structures, diagonal braces in braced 
structures, to various elements of ductile 
shear walls and to the foundations of all 
earthquake resistant structures. 

In essence, capacity design will ensure 
that the structures will behave as intended 
and desired by the designers. 

For instance, in the design of building 
frames, the desirable primary energy 
dissipating elements are the beams in the 
frames. 

The design of these beams is determined 
by the loadings which have been specified 
in the code and using the design procedures 
specified in the material codes. 

The structural elements such as columns 
are then designed using the effects (loads, 
moments, shears) resulting from the designed 
beams. Such columns should have a sufficient 
reserve strength capacity to ensure that the 
desired hinges will indeed occur in the beams 
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rather than in the columns. 

The exact level of this over-capacity 
will be determined in the various material 
codes and will be influenced by the assessment 
of present existing under-capacity factors. 

In this respect, the revision to the 
load factor equations used for design are 
of importance. For earthquake conditions, 
the equations are: 

for gravity load: U = 1 . 4 D + 1 . 7 L _ 
for seismic load: 

either U = 1.00 D + 1.30 L + E 
K 

or U = .9D + E 
The significant change here is the 

introduction of L R in the load equations. 
L R represents the reduced live loading to 
be taken on a building element. 

As explained above, the design of beams 
is determined by the specified loadings. In 
the present Chapter 8, in the design of main 
beams for office buildings, the live load 
on a single span is allowed to be reduced 
by 5 per cent for each 500 sq.ft. of supported 
floor, up to a maximum of 25 per cent. 

In the new loading code, the loading L R 

is expressed as: 

L R = R.L 0.A. 

and for A > 150 square foot 

(0.77 - .23 2H) < R > (1-0.0008A) 
JLU 

For a 500 sq.ft. supported floor, there
fore , the reduction factor is not 5% but a 
minimum of 40%, depending on the D u / L u ratio. 

Because the beams in the frames will be 
designed for a substantial lower live loading 
in comparison with before, significant 
economics in the right directions will result. 

Capacity design requires that building 
elements are constructed as intended by the 
designer. In the design of frames, for 
instances, the introduction of larger 
diameter bars in a concrete beam can have 
serious consequences if the designer is not 
made aware of the change. 

The code gives detailed requirements and 
recommendations for beams and columns of 
ductile frames. 

Generally the commentaries are related 
to reinforced concrete design and are based 
on the most recent results of tests. Details 
of design will be left to the material codes 
committees. 

It is generally realised that columns 
should be designed to have adequate over
capacity to avoid the formation of hinges. 

For special cases such as 2 storey 
buildings, top stories of multistorey 
buildings, and for adequately redundant 
structures with no - or a low axial 
compression in the column, the requirements 
have been relaxed. 

For columns, it is vitally important 
that a shear failure is avoided. Shear 
calculations based on the formation of 
hinges in the top and bottom of columns 
will obviously fulfill this requirement. 

Theoretical considerations applied by 
K.E. Williamson appear to indicate that 
ultimate column shears will never exceed 
2 to 2.5 times the calculated horizontal 
load E on a building and this would 
therefore then be the maximum shear to be 
allowed in the design of columns. 

3.4 Foundation Design: 

Foundation design is required to be 
part of the capacity design for yielding 
structures, but some relaxation is 
permitted. 

These relaxations are considered to be 
appropriate because the interaction of the 
structure and the foundation have not been 
explored to the same extent as other 
building elements. It is, for instance, 
quite possible that the energy dissipation 
due to rocking of walls will result in a 
reduction of response which is quite 
beneficial to the overall structural 
behaviour of the building. 

Some of these relaxations are: 

1. A factor of safety 1.1 for soil 
pressures is considered to be adequate 
when design loadings on the soil are 
calculated from yield capacities. This 
is a marginal safety margin which is 
considered to be adequate for this 
ultimate loading condition. 

2. Uplift of 25% of column footings in 
any direction is acceptable. 

3. The limit for any foundation system 
design is set at a level which 
corresponds to the effects from a 
horizontal force which is roughly 
speaking equal to double the Chapter 
8 code level of design (SM = 2 ) . 

For those structures, where the design 
is determined by factored loads, such as 
non-ductile shear walls, a factor of safety 
of 1.5 is recommended for the soil strength 
and the soil design allows for the use of a 
rectangular stress block. 

Because the structural factors for non-
ductile yielding shear walls are 1.6 times 
higher than in Chapter 8, the stability 
of these walls will create special problems 
in comparison with present day practice. 
The code allows an arbitrary increase of 
20% of gravity loads as far as stability 
calculations are concerned. This concession 
is also considered reasonable because 
spectral modal analyse of shear walls 
indicate that the overturning moments 
appear to be appreciably lower than is 
indicated by static formulae. 

4. EQUIVALENT STATIC FORCE ANALYSIS 

As indicated in the General Remarks of 
these notes, the code is mainly devoted to 
supplying requirements, coefficients etc., 
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which are related to an equivalent static 
force analysis. 

This part of the code has deliberately 
been placed ahead of the dynamic approach 
provisions to emphasise the primary importance 
of the static analysis in the mind of the 
designer. S 

4.1 Multi-term evaluation 

The total seismic force V = C, W in 
which C3= C.I.S.M.R. replaces the previous 
formula V = KCW t, and with this formula, the 
factor K which was used in Chapter 8 has 
been replaced by the multi-term evaluation 
factor C^. 

The factor C^ determines the appreciation 
of the designer of the effect of the design 
earthquake on the structure. 

The effects are determined by the location, 
amplification factor, damping, structural 
type and material used. 

Further considerations are the type of 
occupancy and the risk involved in case of 
failure. 

The factors are made up as follows: 

C = Basic Seismic Coefficient 

C is generally similar to the previous 
design spectrum given in Chapter 8 when 
it is realised that the present 
coefficients incorporate the previous 
load factor of 1.25. 

The previous coefficients were given for 
hard and intermediate soils only and 
the spectrum in fig 1 now includes the 
recommended minimum values for flexible 
subsoils as specified in the code. 

The inclusion of the soil-type factor 
should be regarded as a first step 
approach towards the consideration of 
microzoning effects, which is in line 
with most codes in other countries. 

The revision is most significant for 
zone C for longer period buildings. 
This is consistent with the experience 
that flexible buildings on soft soils 
are subject to higher accelerations 
for distant earthquakes. 

For very high intensity earthquakes 
amplifications may not be so great due 
to plastic deformation in the soft soil. 

Detailed considerations on various 
aspects of the subsoil considerations 
are given in the commentary. 

I = The Importance Factor 

The previous code provision between 
"public" and "non-public" buildings has 
now been extended with a class of public 
buildings which are considered to be 
required to be functional immediately 
after seismic disaster. These essential 
buildings are listed in the commentary 
and include ambulance centres, fire 
stations, hospitals, and the like. For 
these buildings it is also of particular 

importance that the secondary damage 
will not render the building non
functional. In this regard safe 
concrete canopies to hospital entrances 
are just as important as the structural 
framing system of the hospital itself. 

Structural Type Factor 

Nine main categories of structural 
types have been listed and the value 
of S varies from 0.8 for ductile 
frames and ductile coupled shear walls, 
to 2.5 for diagonal tension bracing 
up to three stories. 

For some types, the committee considered 
it appropriate to request that a special 
study be made of the structure, for 
instance for diagonal tension bracing 
over three stories or for a possible 
combination of frames and bracing. 
At this stage, there is simply no 
reliable information available. 

In other cases, factors are given but 
designers have the opportunity to 
carry out a special study to determine 
the S factors. 

The factors recognise the value of 
ductile detailing both for frames and 
shear walls. The S factor for pure 
shear walls is double the factor for 
ductile structures (.8 versus 1.6). 
This is in line with the S E A 0 C 
provision of long standing. 

Requirements for the various categories 
are given in the commentary to the 
code. Details for ductile coupled shear 
walls include the requirements for 
coupling beams and the vertical walls. 

The code also specifies the minimum 
length (1.5m) for ductile shear walls 
and shear walls designed to dissipate 
a significant amount of seismic energy. 
The dimensional requirements are 
obviously arbitrary but it is 
considered necessary at this stage to 
ensure that sufficient material is 
available to prevent a shear failure 
of the wall. 

The commentary indicates to the 
designer that a capacity design for 
shear derived from the flexural 
capacity of the wall might under
estimate the seismic shear. 

This is due to the fact that the 
resultant seismic force of the various 
modes might be located at a lower level 
than the triangular pattern suggested 
by the code. 

It is therefore suggested that the 
design shear for walls be based on 
a factored load approach using S = 2. 
(again in line with the S E A 0 C 
provisions). 

A separate table is given for the 
various forms of single storey 
cantilevered structures such as 
columns and walls. 

For ductile cantilevered columns, the 
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S factors are similar to the previous 
coefficients in Chapter 8. 

Coefficients for face loaded walls have 
been varied for walls with double 
reinforcing and single reinforcing. 
This recognises that doubly reinforced 
walls are more ductile than walls with 
single reinforcing. 

The S factor for garden walls is lower 
than for boundary walls because a 
collapse of a garden wall will generally 
not be a hazard to the public. 

M = Structural Material Factor 

These factors vary from .8 for structural 
steel and timber shear walls to 1.2 for 
prestressed concrete and masonry. 

The value of 1 for concrete has virtually 
been used as the basic coefficient and 
other values have been scaled up or 
down from this unit value. 

It is generally recognised that steel 
is a better structure seismic material 
and that the performance of masonry 
relies to a large extent on standards 
of workmanship on the site. 

The commentary contains a warning about 
the use of prestressed concrete and the 
20% allowance over reinforced concrete 
is considered to be a minimum. 

Detailing of prestressed concrete will 
have to be similar to the ductile 
detailing requirements for reinforced 
concrete. 

In general, the material factors are 
intended to supply interim values only, 
depending on material standards for 
revision if required. This would in 
particular apply if the intentions of 
the earthquake provisions cannot be 
fully realised by the various material 
details. 

R = Risk Factor 

For most buildings this factor equals 
1 and the highest factor of 3 applies 
to structures containing toxic liquids. 

It was considered that a modest increase 
(of 10%) was appropriate for assembly 
buildings and buildings containing more 
than 1000 people. This is in line with 
some overseas practice, for instance, 
in Japan. 

W t = Total Reduced Gravity Load 

Note that this factor has been revised 
and generally reduced for loadings up 
to 5kPa (100 lb/ft2) 
W. can now be taken as: 
D when L < 1.5 kPa (< 30 lb/ft 2) 
and generally as 
1.ID when 1.5 kPa ^ L ^ 5 kPa 

4.2 Concurrency 

The code introduces the requirement that 
columns and column-beam joints for columns 
framed in both directions shall be designed 
for the earthquake attack in both directions 

concurrently. 

Concurrency on such columns takes place 
because, for the beams designed to code 
loadings, and with a ductility factor of 
four, total horizontal displacements are 
approximately four times the initial yield 
displacement during a major earthquake. 

For an earthquake attack which is under 
an angle of, say, 4 5° to one of the principal 
directions, the beams in both directions 
will yield and the column will be subject 
to the maximum yield moments in both 
directions at the same time. 

The effect of concurrency can be avoided 
by the introduction of two dimensional 
seismic frames in each direction, peripheral 
frames without corner columns etc. 

4.3 Distribution of horizontal forces 

The clause is generally similar to the 
clause in the previous code and will result 
in a triangular distribution of the base 
shear for a regular structure of uniform 
weight per unit height. 

This distribution is amended as before 
for more flexible structures where the 
height to depth ratio of the horizontal 
force resisting system is equal to or 
greater than 3. 

This takes into account the effects of 
higher modes for these more flexible 
structures. 

For still more flexible buildings like 
chimneys and smoke stacks this distribution 
is further loaded towards the top as 
required in Chapter 8 and for the same 
reason. 

The distribution provisions for set 
backs have been extended. When the plan 
dimension of the tower in each direction 
is equal or more than 75% of the correspond
ing plan dimension of the podium, no special 
distribution provisions are required. 

In other cases, the modes of vibration 
of tower and podium influence both parts 
of the building. The whip effect from the 
tower is simulated by the requirement that 
10% of the horizontal base shear is to be 
concentrated at the top of the tower. 

The same requirement applies to the 
distribution over the height of the podium 
unless the mass of the tower is insignifi
cant (10% of the total mass), when all the 
base shear is allowed to be distributed as 
for a building without setbacks. 

The setback provisions are obviously 
very approximate and for important buildings 
with setbacks, a dynamic study should be 
made. 

4.4 Torsional provisions 

In chapter 8, horizontal torsional 
moments were determined by the sum of the 
computed static eccentricity and an arbitrary 
5% of the maximum building dimension perpen
dicular to the direction of loadings. 

The new Code static formulae for torsion 
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are e d = 1.7 e s - e g
 2/b + 0.1b 

or 

whichever is the more unfavourable. 

These equations take into account 

1. The dynamic amplification of torsional 
effects. 

2. The angular acceleration of the soil 

3. Accidental eccentricities of stiffness 

4. Accidental eccentricities of mass 

5. Failure of structural elements in a 
severe earthquake. 

The equations have been partly derived 
from results given in Newmark and Rosenblueth 
"Fundamentals of Earthquake Engineering" (1971) 
and partly from computations carried out for 
a number of typical cases by D.G. Elms. 

Generally, the arbitrary value decreases 
for longer period buildings and increases 
for periods smaller than .3 sees. The 
chosen value of .1 is the average recommended. 

This appears to be consistent with 
measured effects for apparent symmetrical 
buildings. 

For flexurally ductile systems, earthquake 
loads can be re-distributed up to a maximum 
of 15% of the load resisted by any element. 
This consideration will tend to diminish the 
adverse effect of the increased torsional 
requirements for symmetrical buildings. 

Torsional effects are very difficult to 
determine and it should be stresses that the 
first principle of earthquake resistant 
design is to achieve symmetry. 

The static formulae are not intended to 
be used for buildings with irregular plan 
forms. 

Such forms are to be avoided by the 
introduction of seismic separations between 
the sections of the building and so obtain 
the required symmetry. 

4.5 Small Buildings of Limited Ductility 

The purpose of this clause in the code 
is to allow designers to design small framed 
buildings when the dimensions of the columns 
and beams do not comply with the ductility 
requirements in the material codes. 

Class I buildings have been excluded, the 
floor areas are not to exceed 1400 m 2 and 
heights have been restricted to 9 m (or 2 
stories) in zones A and B and to 13.5 m (or 
3 stories) in zone C. 

Two design procedures have been indicated, 
a complete elastic design procedure and a 
design procedure where a low in-elastic demand 
from the structure is still required. 

For the elastic design, the factor C d in 
the formula V = C d W t includes a factor of 
6 in lieu of the structural type factor S. 

The formula therefore becomes C d = 6.0 
C.I. M. R. 

The factor of 6 has been chosen because 
building capacities have to be very large 
to escape major damage in strong earthquakes. 
The factor corresponds to a horizontal static 
design load of approximately 1 g, which is 
the response to a 1.25 El centro N.S. ground 
motion acceleration spectrum value for a 
building with 2% damping. 

Such elastically designed buildings do 
not need to comply with any of the Code 
provisions. Foundation design is relieved 
from the high load factor because the Code 
generally accepts that no foundation system 
needs to be designed for a horizontal force 
resulting from S.M. greater than 2. 

The second type of small building is the 
building from which a certain amount of in
elastic behaviour can be expected. 

Two types of such buildings are allowed 
to be used, either structures with wide 
columns (800mm wide) or structures with 
ductile columns complying with the ductility 
requirements of the materials code and deep 
beams (750mm deep). 

For these buildings, the effective S 
factor has been taken as 2.4 up to values 
of C d of .24 and a value of C d = .24 + 
.8C1MR for C d > .24. 

In practice, the values of the C d 

coefficients would be less than one half 
of the coefficients for the elastic design. 

It is considered that the minimum 
specified member dimensions will result in 
a higher damping factor which justifies 
this reduction. 

The combination of ductile columns and 
deep beams is also superior to the brittle 
structure of elastic design. 

The level of loading for these small 
structures is such that few designers will 
use this part of the code and will be able 
to prove to their clients the advantages 
of complying with the provisions for 
ductile frames. 

The main purpose of the clause might 
therefore be to stress the importance of 
such a ductile design and to emphasize the 
very real high horizontal loadings which 
result otherwise. 

4.6 Parts or Portions of Buildings 

Parts of buildings are structural 
elements of which the behaviour during an 
earthquake is affected by the building 
response. When the principle of multi-
term-evaluation is applied, this term 
therefore consists of two elements. 

One of these elements relates to the 
nature etc., of the part of the building 
itself and the other element to the nature 
of the building supporting the part. 

In contrast to the previous Chapter 8 
standard, where the horizontal forces on 
parts of buildings were only related to the 
part itself (with the formula F s = K C W s ) , 
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the new code determines these forces with the 
formula 
F s = c p l CP2 W P 

of which 
cpl = K P *P Cd 

and 
cp2 = S p M p 

The factor C p 2 is the product of the 
structural factor S p and the material factor 
Mp of the part. 

The Sp factor varies from 1 to 3 generally 
depending on the relative ductility of the 
part while the M factor is similar to the 
materials factor which applies to buildings. 

Note that the ductility rating of parts 
have been chosen based on assumed or known 
performance during earthquakes and not on 
the stringent detailing requirements for 
primary members. 

The inclusion of the coefficient in 
Cpl r e l a t e s t n e part to the behaviour or the 
building. The formula accepts that the force 
on the part is determined by the acceleration 
response on the building by the earthquake. 

This assumption could be questioned but 
appears to be logical for fixed items. For 
loose objects like furniture etc., it would 
appear that velocity response is the more 
important consideration. 

Maximum accelerations for a building are 
determined by its yield capacity for yielding 
structures or by the elastic damped response 
for non-yielding structures. 

Theoretically, therefore, the value 
should provide the fuse which determines the 
maximum loading on the part. 

Due to the standards of design, under-
capacity factors and general uncertainties, 
it is necessary to assume a building over
capacity of 50%. 

The factor Kp is related to this consider
ation and is therefore generally 1.5, 
increasing to 3.0 at the top of yge building, 
(assuming a triangular distribution). 

The risk factor for parts is partly 
determined by the consideration of redundancy 
(as for cantilever versus non cantilever 
structures) and partly by the possible results 
of danger at failure. These factors vary 
from 1 (no particular consideration required) 
to 2 for certain cantilevers for toxic liquid 
containers, furnaces e t c 

The values of IL have been tabulated 
in table 6. P P 

This table also indicates the minimum and 
maximum values which are to be used for the 
product of Cpi Cp2- Both values are 
determined from the maximum forces which 
parts are likely to have to resist from the 
amplified design earthquake, adjusted for 
their relative ductilities. 

The limits indicated are for zone A, 
class III buildings and are to be adjusted 
for I and for seismic zones generally as 
applies to the building structure itself. 

4.7 Deformations and Separations 

The present Chapter 8 allows for a 0.25% 
interstorey deflection under present code 
loads without an allowance being made for 
the separation of non-structural elements. 

Ductile behaviour of the structure will 
cause deflections under the design earth
quake which will be 3 to 4 times greater 
than this calculated deflection. 

Non-structural damage represents often 
the most significant monetary loss in a 
moderate or severe earthquake. 

Inadequate separation distances can also 
significantly affect the behaviour pattern 
of structural elements. The typical example 
is the effective shortening of columns by 
masonry panels. 

The .25% allowance in Chapter 8 repre
sents an interstorey deflection of 8mm for 
a storey height of 3.3m. 

With a ductility factor of 4, these 
provisions will result in a significant 
amount of structural damage. 

The new Code limits the interstorey 
deflection to .03% of the storey height. 

Although the loadings of the two 
standards are not strictly comparable 
because of the introduction of various new 
factors in the new Code (S = .8 for ductile 
frames, M = .8 for structural steel, C new 
= 1.25 x C old) the new limit will reduce 
the previous allowance to a level which 
will make it necessary to separate non
structural elements for all but the most 
rigid buildings. 

In the past, frames were often dimen
sioned to meet the .25% stiffness level 
and thereby avoid the separate requirements. 

The previous absolute maximum allowable 
inter-storey deflection of 0.5% of the 
storey height has been retained in the new 
Code. This is in line with other codes. 
Apart from detailing problems which would 
otherwise occur, exceeding this limit 
would allow building sway which could start 
to cause undue alarm to occupants and could 
also cause column instability due to drift 
(P - A effect). 

For the calculation of building 
separations and the separations of non
structural building elements a modification 
factor v has been introduced. 

For structures which dissipate seismic 
energy by ductile flexural yielding, the 
value of equals 

v = 2 - ° C I 

c d 

For shear walls and tension braced 
structures v = 2 and for prestressed con
crete structures the factor has been 
increased by 40% over the value for ductile 
concrete structures. 

The introduction of this factor is 
required because multi-term evaluation of 
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the horizontal seismic loads would otherwise 
lead to serious anomalies for structures for 
which terms have been introduced which 
acknowledge superior behaviour of the 
structure during an earthquake as far as 
strength is considered. 

The total displacement during an earth
quake for systems with the same initial 
stiffness is only dependant on the factors 
C and I and the introduction of the modifi
cation factor achieves this. 

The separation requirement is therefore 
proportional to 

C. . v = x . C d . CI = x.C.I 
Cd 

To determine the deformation of members 
due to seismic loading, the design parameters 
such as moments of inertia, areas, etc., 
need to be determined and various assumptions 
regarding the parameters are necessarily 
approximate. 

The code commentary supplies an acceptable 
simplified procedure for ductile frames in 
reinforced concrete and structural steel 
whereby moments of inertia are arbitrarily 
reduced by 25% to 30% to take account of 
cracking of cover concrete etc. 

The moments of inertia for T and L beams 
can be adjusted upward to take account of 
50% of the available slab width. This same 
consideration can also be applied to the 
effective width of shear wall flanges. This 
latter procedure is quite arbitrary but is 
justified because the L = 2 value is 
conservative in comparison with the value for 
ductile frames. 

The 40% increase for prestressed concrete 
is included to allow for the greater response 
for prestressed concrete compared to 
reinforced concrete with the same initial 
stiffness. 

The Code specifies that buildings shall 
be separated from each other 1% times the 
sum of the computed deflections of the 
buildings multiplied by the respective 
modification factors. 

This will then result in separation 
distances which are approximately equal to 
the present provisions. 

Similar provisions are made for the 
separation of non-structural elements. 

It should be noted that the specified 
separations are minimum provisions only. 
Especially for modern framed buildings, 
where the separation of elements will cause 
damping values to be much lower than before, 
these provisions are only satisfactory for 
moderate earthquakes. 

5. DYNAMIC ANALYSIS 

In this section of the code both the 
spectral modal analysis and the numerical 
integration response analysis are indicated. 

The use of the latter is strictly 
confined to provide additional information 
on the behaviour of a structure and will 

therefore only be used by designers for 
unusual cases or for very important 
buildings. The problem with this method 
at' the present time is that much of the 
outcome will depend on the input parameters. 

Unfortunately, these parameters which 
include the mathematical model of the 
building, the chosen earthquake, the time 
history, the choice in the formation of 
plastic hinges, damping etc, are at this 
stage not sufficiently defined to warrant 
confidence regarding the overall design 
of the building. 

It is acknowledged that for some 
buildings, important details could be 
highlighted by the use of this method and 
its use in the code is restricted to 
this aspect. 

The procedure for the spectral modal 
analysis is outlined in the code. 

The structure is to be designed for 
not less than the first three modes for 
each direction under consideration. 

The structural design spectrum for 
each mode is taken as KC for each mode. 

This means that the spectrum taken 
is a scaled value of the C curve in the 
code. 

For practical purposes, a designer will 
use the value 1 for K. 

The achieved minimum base shear V is 
then to be scaled such that 

V min = 0.9 c d w t 

This obviously means that the allowable 
minimum base shear is 90% of the static 
force analysis. 

This recognises the value of the spectral 
modal analysis to the extent that for 
regular buildings, this analysis should 
provide a better idea on the actual load 
distribution. 

A building design in accordance with 
this distribution will therefore be more 
ductile warranting a 10% decrease in design 
base shear. 

A further restriction is that at any 
level the shearing forces and overturning 
moments are not to be taken as less than 
80% of the values obtained by the static 
analysis. 

This clause is necessary because the 
spectral modal analysis sometimes gives 
load values at local levels which are low 
compared with the static analysis. 

The discrepancy is caused by the fact 
that the spectral modal analysis neglects 
the effects of inelastic deformation of 
the building while the static method is 
more reliable in this regard. 

6. CONCLUSION 

The new proposed code is a significant 
step towards a more sophisticated seismic 
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resistant design of buildings. 

The various factors which have been 
introduced allow for a determined choice for 
designers which will create an awareness of 
relative merits of performance for various 
forms of structure, type of material etc. 

The code embraces much of the latest 
available knowledge on the subject and will 
now enable all designers to incorporate the 
required standards of structural design in 
their buildings. 

That many comments received by the 
committee show that engineers are very 
interested in this code. 

It is obvious from these comments that 
some of these engineers have done a great 
deal of work in trying to assist the 
committee in their work. 

Generally comments were favourable 
regarding the important aspects of the code 
and many suggestions were adopted in some 
form or another. 

The next important refinement of a code 
such as this would be the application of a 
probabilistic approach. Some work in this 
area is already being done but this is still 
in an embryonic stage at present. 

The fact that the code is now a means of 
compliance will ensure that further technical 
requirements and ideas will be readily 
incorporated in the design practices of New 
Zealand ensuring that our seismic resistant 
designs will constantly be surrounded with 
the latest "ring of confidence". Advertise
ments on our T.V. screens make us very aware 
of the fact that this is an important 
feature of our lives. 
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