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"... To strive, to seek, to find, and not 
to yield. 1 1 

With those words of A. L. Tennyson, M r . 
D. S. M a c k e n z i e , President of the New 
Zealand National Society for Earthquake 
Engineering, closed the South Pacific 
Regional Conference on Earthquake Engineering. 
Although m o d e r n earthquake engineering is 
not so uncompromisingly insistent on 
exclusively elastic structural behaviour, 
the same quest for knowledge that inspired 
Ulysses pervaded the conference. Those 
who attended, left aware both of exciting 
advances in the science and art of earthquake 
engineering and of the continuing need for 
more information on the phenomena of 
earthquakes and their effects on engineering 
structures. 

Conference Setting 

The conference attendance numbered 
160 including delegates from A u s t r a l i a , 
J a p a n , Papua and the U.S.A. Keynote 
addresses were delivered by specially 
invited g u e s t s ; Karl V. Steinbrugge, 
Professor of Structural D e s i g n , University 
of C a l i f o r n i a , U.S.A., and Vitelmo V. 
B e r t e r o , Professor of Civil Engineering, 
University of C a l i f o r n i a , Berkeley, U.S.A. 
Another prominent conference m e m b e r was 
D r . Kiyoshi M u t o , P r e s i d e n t , Muto Institute 
of Structural M e c h a n i c s , T o k y o , Japan and 
a past-president of the International 
Association for Earthquake Engineering. 
The conference is a quadrenniel event under 
the auspices of the N e w Zealand National 
Society for Earthquake Engineering and the 
organiser on this occasion w a s M r . G. H. F. 
M c K e n z i e . T h e venue was Victoria University 
of W e l l i n g t o n . 

H o n . M. Connelly, M i n i s t e r in Charge 
of the Earthquake and W a r Damage Commission, 
opened the conference and in his remarks 
emphasised the risk taken by those 15 percent 
of all home and business owners in New Zealand 
who chose not to insure themselves against 
fire and therefore are not covered for 
earthquake d a m a g e . M r . Connelly said that 
after the Richter m a g n i t u d e 7.0 Inangahua 
earthquake in May 1968 the Commission 

received 10,500 damage claims w h i c h w h e n 
settled were worth $2,400,000. This e a r t h ­
quake struck a lightly populated region and 
it is a matter for conjecture w h a t the 
figures would be if there was a similar 
earthquake in a large city such as W e l l i n g t o n . 
M r . Connelly encouraged conference m e m b e r s 
in their responsibilities of ensuring that 
earthquakes would cause m i n i m u m loss of 
life and minimum economic loss to p r o p e r t i e s . 

Keynote Addresses 

The keynote addresses w e r e h i g h l i g h t s 
of the conference. Professor Steinbrug ge 
spoke on earthquake disaster response 
planning from the viewpoint of one who has 
had considerable experience in the fomulation 
of public policy related to earthquake hazard 
reduction in the U.S.A. The problem is 
generally approached from three a s p e c t s : 
life safety, property d a m a g e , and functional 
impairment. Life safety is the highest 
priority and present American b u i l d i n g 
codes concentrate on this rather than 
damage control. However, the cost of 
reconstruction after recent earthquake 
disasters has prompted concern for p r o p e r t y 
da m a g e . Functional impairment is serious 
where egress from buildings is inhibited 
by falling debris or w h e r e vital public 
utilities such as hospitals become n o n ­
functional after the earthquake due to 
failure of support systems. 

Professor Steinbrugge outlined 
several concepts behind m e t h o d o l o g i e s to 
determine the potential aggregate damage 
for selected postulated earthquakes in the 
metropolitan Los Angeles and m e t r o p o l i t a n 
San Francisco Bay areas. These required 
estimates of the potential losses to 
medical resources and the likely demands 
on such resources for treatment of h u m a n 
casualties following vibrational damage to 
buildings and dams. As well as p l a n n i n g 
for such after-the-event e f f o r t s , there is 
clearly need for planning for p r e - e a r t h q u a k e 
hazard reduction such as the s t r e n g t h e n i n g 
or razing of hazardous structures or p a r t s 
of structures. Finally, Professor S t e i n ­
brugge spoke on insurance aspects of the 
monetary loss from a large d i s a s t e r . 

Professor Bertero outlined problem 
areas that exist in the earthquake resistant 
design of building structures and d i s c u s s e d 
current research efforts to o b t a i n the 
necessary information to resolve them. 
Specific areas mentioned were: establishment 
of likely critical ground shaking at a build­
ing site as a basis for d e s i g n ; a l l o w a n c e 
for the non-deterministic nature of the 
mechanical characteristics of m a t e r i a l s 
and the need for integrated e x p e r i m e n t a l 
and analytical studies of the e a r t h q u a k e 
resistance of new structural s y s t e m s ; 
prediction of the mechanical b e h a v i o u r of 
st r u c t u r e s , intrinsic to any d e s i g n m e t h o d 
entailing modelling of the s t r u c t u r e , 
structural analysis, and proportioning and 
detailing of members and their supports and 
connections; and finally because the n a t u r e 
of earthquake resistant design is n o n -
deterministic, the need for the designed 
structure to be subject to analyses to 
check its reliability under the bounds of 
possible ground shaking and m e c h a n i c a l 
behaviour of the soil-structure system. 
The importance of construction aspects such 



171 

as quality control of m a t e r i a l s , workmanship 
and inspection were also noted. Professor 
Bertero emphasised the need for co-ordination 
of national and international research efforts 
and the translation of the ensueing results 
into information useful to design engineers 
and code w r i t e r s . 

Conference Papers 

One of the most important recent 
developments in New Zealand reported to the 
conference was the compilation of the new 
code loading earthquake provisions. The 
draft in virtually final form was circulated 
for conference members and discussed by M r . 
D. Kolston on behalf of the seismic loads 
sub-committee of SANZ. The new code intro­
duces the concept of multi-term evaluation 
of th e horizontal seismic design coefficient 
to b e applied to various structures. One of 
these terms relates to the importance of 
structures and the degree to which they are 
required to be functional following earth­
q u a k e s . Another requires increased loading 
for structures which dissipate energy in a 
m a n n e r other than by ductile flexural yield­
ing. Also, quantitative provisions are now 
m a d e for flexible soils. Another new 
provision is the requirement that buildings 
designed for flexural ductile yielding (or 
for yielding in diagonal braces with some 
limitations) are to be the subject of 
capacity design. This requirement includes 
consideration of concurrent yielding response 
in b o t h principal axes of a structure under 
earthquake attack inclined to these axes. 
M o r e stringent non-structural damage control 
m e a s u r e s are also introduced. The provisions 
are to be considered in more detail in forth­
coming regional seminars and it is hoped 
that all disciplines affected will contribute 
to general d i s c u s s i o n of the code. 

Another important development with 
attractive potential is the use of base 
isolation systems to increase the earthquake 
resistance of b u i l d i n g s . M r . R. I. Skinner 
reported on development of energy dissipating 
d e v i c e s at the N . Z . Department of Scientific 
and Industrial Research. These devices 
u t i l i z e the plastic deformation of solid 
steel bars and when combined with a foundation 
system allowing base flexibility they can 
isolate the structure from the major effects 
of earthquake attack. Seismic response 
analyses of single-mass linear and bilinear 
hysteretic resonators with base isolation 
showed the p r i n c i p a l advantages to be for 
s h o r t period s t r u c t u r e s , less than approx­
imately 0.7 s e c o n d s . W i t h i n this range base 
isolation suppresses the ductility demand 
on t h e structure w i t h corresponding advantages 
such as non-structural damage protection. 

The 24 papers presented at the conference 
c o v e r e d a w i d e range of current earthquake 
engineering activitiy. Papers dealing with 
g r o u n d response included studies in Papua 
and t h e Hutt V a l l e y . Factors which must be 
t a k e n into a c c o u n t in earthquake risk 
a n a l y s e s , such as variations in tectonic 
s e t t i n g , in soil c o n d i t i o n s , and in recently 
elucidated source properties of earthquakes 
t h e m s e l v e s , w e r e discussed with reference to 
New Zealand conditions which may vary signif­
i c a n t l y from other countries on the circum-
P a c i f i c b e l t . One presentation entailed the 
e s t i m a t i o n of earthquake induced soil 
p r e s s u r e s on a w a l l forming part of the 

structure of a power station founded on 
rock. Other papers dealt w i t h one of the 
following three facets of building d e s i g n : 
structural analysis, design p r i n c i p l e s , 
and element detailing. These included the 
results of a number of inelastic dynamic 
analyses of multistorey structural steel 
and reinforced concrete frame and cantilever 
shear wall buildings. Capacity design 
principles for reinforced concrete frames 
were enunciated and the actual design of a 
28-storey reinforced concrete building 
described. 

Adequate detailing of b e a m - c o l u m n 
joints in framed structures h a s exercised 
the m i n d s of many designers and researchers 
and results w e r e presented from testing 
of prestressed concrete, reinforced c o n c r e t e , 
and structural steel beam-column joint 
u n i t s . Other papers on the seismic perform­
ance of elements dealt w i t h brick m a s o n r y 
walls and masonry infill p a n e l s . A t t e n t i o n 
w a s drawn to the need for separation of 
non-structural components in b u i l d i n g s , both 
to minimise non-structural d a m a g e , w h i c h 
m i g h t otherwise represent the g r e a t e s t m o n e ­
tary loss in modern b u i l d i n g s , and to 
reduce the hazard to people should n o n ­
structural elements fail. A listing of all 
papers presented at the conference is 
included at the end of this r e p o r t . A l l 
papers have been or will be published in the 
Bulletin of the New Zealand N a t i o n a l Society 
for Earthquake Engineering. 

Five films were shown during the course 
of the conference. Dr. Muto showed films 
on the testing of seismic resistant slit 
w a l l s developed by Kajima C o r p o r a t i o n and 
on the design and construction of a 20-storey 
reinforced concrete framed building in 
Japan. Differences were evident b e t w e e n 
current Japanese and New Zealand p r a c t i c e . 
A film was shown of dynamic testing at 
University of California, B e r k e l e y , of a 
m o d e l of a curved multiple-span reinforced 
concrete b r i d g e w h i c h collapsed during the 
San Fernando, 1 9 7 1 , earthquake. The damage 
caused to the expansion joints by impacting 
in both torsional and translational m o d e s 
was graphically illustrated. Research at 
University of Canterbury, under P r o f e s s o r 
R. Park's supervision, on shaking table 
tests of a 6-storey %-scale m o d e l reinforced 
concrete frame was shown. This film h i g h ­
lighted the torsion induced by flexing of 
the floor slab in beams transverse to the 
principal direction of sway, a r e c u r r e n t 
concern expressed during the c o n f e r e n c e . 
Professor Bertero also showed film of 
dynamic structural testing at Berkeley. 

Social 

One of the undoubted b e n e f i t s to b e 
derived from such a conference is the social 
contacts m a d e between formal s e s s i o n s . The 
social highlight w a s the conference d i n n e r . 
M e m b e r s and their wives were e n t e r t a i n e d by 
Professor John L. R o b e r t s , P r o f e s s o r of 
Public Administration, V i c t o r i a University 
of W e l l i n g t o n , w i t h an appropriately light 
souffle interspersed w i t h some m o r e 
substantial fare on the earthquake engineer's 
responsibilities to the public and the body 
p o l i t i c . 
Conclusion 

The final event in the c o n f e r e n c e 
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programme was a panel discussion pooling the 
expertise of Professors Bertero and Stein-
b r u g g e , Dr. R. D. A d a m s , and M e s s r s . 0, A. 
G l o g a u , G, J, Lensen and R. I. Skinner,, 
u n d e r the chairmanship of M r . A. L. A n d r e w s , 
Subjects discussed included the acceptability 
of seismic risk associated with construction 
n e a r fault lines , a capacity design approach 
for structures expected to rock on their: 
foundations., and the implications of town 
planning legislation with respect to building 
h e i g h t s ! 

The conference acted as an invaluable 
f o r u m for designers and. researchers sharing 
in the current state-of-the-art of earthquake 
resistant design* Many advances have been 
m a d e r but in this field the maxim assuredly 
applies that as knowledge advances so, 
p a r a d o x i c a l l y , does awareness of the know­
ledge still to be attained. One aspect of 
t h i s is that research in the past has been 
directed towards an understanding of the 
two-dimensional behaviour of structures 
and elements but there is clearly now urgency 
in establishing the performance of structures 
u n d e r the real situation of earthquake attack 
at random directions to the principal axes. 
W h i l e pursuing this Ulyssean quest for know­
l e d g e earthquake engineers may take some 
s o l a c e from the words of another immortal 
of Eng1ish 1iterature: 

i ! l t 5 s snowing still", said Eeyore 
gloomily. "So it'is". "And freezing 5 5. 
5 5Is it?" S 5 Y e s % said E e y o r e , "However" , 
he said brightening up a little, "We 
haven't had an earthquake lately". 
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