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T E C H N I C A L NOTE 

REPORT ON 

T H E S E C O N D (1978) M I C R O Z O N A T I O N C O N F E R E N C E 

R. J. Bentley * 

The writer attended the second Microzonation Conference at San Francisco 
in December, 1978. The Conference lasted five days and papers were 
delivered on a wide variety of subjects. Discussion here is limited to topics 
where new developments appear to the writer to be of general interest, These 
notes therefore hardly constitute a review of the conference, but they may 
assist earthquake engineers not directly involved in engineering seismology 
or in microzoning studies to keep aware of current developments. 

Papers are referred to by page number and a list of proceedings is 
appended. The proceedings (in three Volumes) will shortly be available from 
the Ministry of Works and Development and University libraries. Copies can 
also be obtained from the Conference Organiser: Professor Mehmet A. Sherif 
at the University of Washington, Seattle^ 1). 

1. THE EARTHQUAKE SOURCE 

Numerical methods developed in recent 
years have made the synthesis of ground motion 
records, based on plausible assumptions about 
the physics of ground rupture, a much more 
tractable problem. The source-observer geometry 
can also be modelled realistically. 

The basic technique described in the 
paper by Archuleta and others (page 2 5 5 ) 
involves a finite element method that allows 
the fracture to propagate from a hypocentre 
and to spread with a prescribed rupture 
velocity over a given fault area embedded in 
a half space. As the fracture spreads it 
relaxes the stress enclosed by its rupture 
front. Figure 1 illustrates a comparison 
of the synthetic and actual record obtained 
at station five in the Cholame-Shandon array 
in the 1966 Parkfield earthquake. 

Models of this kind are useful in exam­
ining the influence of various parametres on 
the ground motion. Figure 2 (from the same 
paper) illustrates contours of peak ground 
velocity for two very similar fault models. 
The top figure is for a uniform distribution 
of shear stress with depth, and the lower 
figure is for a parabolic shear stress 
distribution - with the same average value 
as the first. The distribution of shaking 
can be seen to be quite different. The 
authors state that an important feature is 
that the amplitude of the particle velocity 
increases in the direction of rupture 
propagation" this focusing of energy is 
a combination of both the directivity assoc­
iated with a moving source and the buildup 
of stresses on the fault ahead of a subsonic 
rupture. This focusing can be an important 
consideration in mocrozonation because the 
largest amplitude ground shaking depends 
not only on the stress but also the rupture 
velocity and its direction of propagation. 
It should be mentioned that if the rupture 
nucleates at depth and propagates towards the 
free surface, the particle velocity will 
increase in amplitude as it approaches the 
free surface. The free surface has the 
additional effect of nearly doubling the 
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amplitude of the particle velocity should the 
rupture front break through the surface." 

Despite many limitations (e.g. large 
earthquakes rarely occur on one fault) it 
appears that source modelling studies may 
allow better estimates of the engineering 
significance of earthquake source size, 
focal depth, surface faulting, magnitude, 
tectonic regime (etc.). This information 
would allow considerable refinement in est­
imates of earthquake risk. 

2 . SITE RESPONSE 

Evaluation of the effects of local 
soil and geological conditions on site 
response during earthquakes has been a 
major research topic for many years. Most 
analytical procedures have been based on 
the use of linearly elastic models of the 
soil profile, and more refined procedures 
(e.g. the computer program SHAKE) use the 
wave propagation method in place of lumped 
mass models and include non-linear effects 
by reducing the shear modulus of the soil 
to a value proportional to some assumed 
average strain. 

The limitations of this approach were 
reviewed by Donovan (page 5 5 ) , who points 
out that the elastic approach tends to 
concentrate the energy in the soil around 
the natural period, whereas most soft ground 
accelograms show response over wider 
frequency bands. Martin (page 1089) 
described the development of non linear 
analysis techniques (including soil failure 
and degradation) for assessing site response. 
These are thought to be particularly applic­
able where large deformations occur during, 
strong shaking, and model studies do show 
considerable 1 flattening 1 of spectral 
shapes at high levels of ground acceleration. 

A major difficulty with these techniques 
is that they assume vertical shear wave 
propagation. Donovan points out that if 
this was a correct assumption there would 
be little difference between the response 
spectra of individual components in the 
horizontal directions at the same site. 
These often differ by significant amounts. 
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Ground motions are much more complex (see 
for example Bolt page 617) . Donovan suggests 
that any means of site modelling based on a 
simple type of exciting motion should be 
used only as a guide to estimate of site 
effects and not for the development of 
acceleration time histories for design. 

The expanding collection of strong-motion 
data has enabled statistical studies of 
ground response for broad categories of site 
condition to be undertaken with increasing 
confidence. The conference proceedings 
include reports of several new studies includ­
ing those of Werner and Ts'ao (page 1077), 
Crouse and Turner (page 1117), Iwasaki and 
others (page 705), Sadigh and others (page 
801) and Alonso and Urbina (page 523). 
Collation of this data has shown more 
clearly the wide variations in the patterns 
of ground shaking in earthquakes. Donovan 
states that " . .. . these empirical procedures 
carefully applied with the use of mean values 
and reasonable degree of conservatism offer 
a much more attractive means of evaluating 
site effects on ground motion than is possible 
with any presently available one or two 
dimensional linear or non linear site model." 

3. DESCRIBING EARTHQUAKE STRONG MOTIONS FOR 
NORMAL ENGINEERING PURPOSES 

A variety of parameters are now used to 
describe earthquake strong-motions. Peak 
ground acceleration and velocity are common 
choices, but there is increasing emphasis on 
response spectra and on parameters derived 
from response spectra. 

Donovan (page 55) and Whitman (page 
1247) suggest that effective peak acceleration 
and effective peak velocity are suitable 
parameters for scaling strong-motions. EPA 
and EPV are used in the ATC-3 provisions^) 
to characterize strong ground shaking. 

Whitman uses liquefaction potential to 
describe EPA. The actual time history of 
shear stress can be converted into an 
equivalent periodic shear stress with a 
limited number of cycles (see Figure 3). 
Thus for liquefaction, EPA is the peak 
acceleration in a series of uniform cycles 
which produces liquefaction in some standard 
number of cycles - say ten cycles. 

For structures the EPA would be that 
intensity of shaking which, when applied 
over the standard duration, produces the 
same response as the actual motions. 
1 Response' might be a deformation criteria 
of some kind. EPA is therefore less than 
peak ground acceleration because: 

(a) very high frequencies, typified by 
spike of high acceleration but very 
short duration, have little effect 
upon the response of most structures, 
and 

(b) for structures being strained into the 
inelastic range, duration of motion or 
number of cycles of straining has a 
great influence on the damage. 

Donovan describes the ATC-3 recommend­
ations : 

"The five percent damped spectrum for 
the actual motion is drawn and fitted by 
straight lines between two sets of periods 

(see Figure 4 ) . The ordinates of the 
smoothed spectrum are then divided by 2.5 
to obtain the EPA and EPV. The EPA and 
EPV thus obtained are related to peak 
ground acceleration and peak ground velocity 
but are not necessarily the same as or even 
proportional to peak acceleration and 
velocity. The introduction of an EPV 
term as a second scaling parameter was 
required because a single parameter related 
to acceleration cannot even approximately 
describe response spectra which result from 
large distant earthquakes." 

However, it is the writer 1s impression 
that EPA and EPV are not yet widely accepted 
measures of ground shaking in earthquakes. 
One reason may be that as defined by 
Donovan, EPA and EPV do not appear to 
contain a great deal of new information 
about the ground motion. 

4. ASSESSMENT OF EARTHQUAKE RISK 

One paper I would recommend for a 
second reading is by Professor Bolt (page 
617) who critically examines procedures 
for predicting future earthquake intensities 
at a site. Perhaps his most important 
suggestion is that (for strike-slip events) 
peak acceleration values should be related 
to stress drop rather than magnitude. 
Magnitude appears to describe better the 
duration of shaking and the size of the 
meizoseismal area. The implication of 
this is that strong-motions recorded close 
to small (strike-slip) earthquakes contain 
important information on peak parameters 
in the largest earthquakes. Earthquakes 
in this category are Parkfield 1966, Koyna 
(1967) and Managua 1973. If magnitude is 
an unreliable scaling factor for ground 
motions, then the many attenuation curves 
based on magnitude are unreliable. 

Bolt also tackles the vertical wave 
propagation problem and notes that (1) near 
the source the pulse (of SH motions) 
reaches the surface obliquely with wave­
lengths of the order of hundreds of metres 
(which are much greater than the thickness 
of surficial soil layers) and (2) surface 
waves do occur at periods of engineering 
interest. This severely limits the applica­
bility of the vertical wave propagation 
model. 

The conference included a number of 
reports of case studies of earthquake risk 
assessment including the Auburn Dam (page 
457) (where an unexpected magnitude 5.7 
earthquake with faulting occurring near the 
site of a proposed dam) and at offshore 
sites at Alaska (page 1291), and California 
(page 1343) . There were also several reports 
on seismotectonic studies in the Middle 
East (page 571, 669 and in America (page 
571, 1329, 329). 

5. STRUCTURAL ASPECTS 

The problems of specifying design 
earthquakes are discussed by Bertero and 
Mahin (page 1145). When serviceability 
controls the best approach is to specify 
earthquakes using smoothed response spectra. 
When damageability or collapse controls 
design earthquakes are often specified by 
modifying smoothed elastic response spectra. 
The authors demonstrate that there are 
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difficulties in this procedure and that the 
technique is not always conservative. 

A more rational approach to drawing 
inelastic design spectra can be based on 
displacement ductility requirements for 
single degree of freedom systems with 
specified damping (see Figure 5). Although 
similar diagrams have been published by 
researchers as far back as 1960, engineering 
seismologists seem to ignore them in 
presenting strong-motion data. Until a 
substantial collection of these diagrams 
are available little progress will be made 
along the lines suggested by the authors. 
For example the new series of strong-motion 
data reports from the United States Geological 
Survey contains a variety of quite complex 
measures of the response of SDOF elastic 
systems only. (The same can also be said 
about the data presentation at the DSIR 
Physics and Engineering Laboratory). 

A number of papers were presented on 
the seismic design of offshore platforms. 
Of particular interest is a paper on concrete 
platforms by Watt and Byrd (page 1409). 
The paper describes the difficulties of 
modelling structure-water interaction, soil-
structure interaction, vertical response 
and other considerations peculiar to such 
massive undersea structures. Kallaby and 
Mitchell (page 1459) describe the philosophy 
underlying the seismic provisions of 
AP1-RP2A, the American Petroleum Institute 
recommendations for planning designing and 
constructing offshore platforms. 

6. EARTHQUAKE REPORTS 

A seismic microzoning map for Bucharest 
was prepared in 1973. The paper by Madrescu 
(page 399) gives detailed information on 
the geological and soil characteristics in 
the Bucharest area and describes the damage 
pattern in the city in the 1977 Vrancea 
earthquake (often called the Bucharest earth­
quake ). A main conclusion is that microzoning 
using the stiffness of the surface soils 
(10 - 15 m) did not prove satisfactory. 

The conference proceedings contain four 
papers with reports and photographs on the 
damage during the Japanese Miyagikan-oki 
earthquake (12 June 19 78) which caused 
extensive damage in Sendai (page 587). 

The February 4, 1976 Guatamela earthquake 
(M = 7.5) caused more than 10, 000 landslides. 
A paper by USGS geologists and engineers 
(page 353) on the landslides concluded that 
the local distribution of landslides in 
Guatamela city was inconsistent with the 
intensity data. Important factors in determ­
ining landslide locations include rock type 
and structural and topographic features, and 
a 1 landslide concentration map 1 for the 
Guatamela area has been prepared. 

7. MICROZONING TECHNIQUES 

At the first (1972) Microzonation 
conference seven papers were presented by 
the USGS on the preliminary analysis of 
seismic microzonation in the San Francisco 
Bay region. The progress of these studies 
can be considered to give a guide to progress 
in microzoning techniques generally. 

Eight papers on the seismic zonation in 

the San Francisco Bay region were presented 
by the USGS at this conference. Progress 
since 1972 as summarized by Borcherdt (page 
229), includes: the discovery of three 
new faults in Northern San Francisco, logging 
of 59 drill holes, developments in the use 
of synthetic seismograms, mapping of 
liquefaction susceptibility in Santa Cruz 
Country (1" to one mile), and development 
of new techniques for mapping slope 
stability and for estimating building 
damage in earthquake. 

Two Japanese studies were reported. 
Shima (page 433) discusses the microzoning 
of Tokyo using shear wave velocity data 
(from down hole measurements). Yoshikawa 
and others (page 445) present a microzoning 
study of Osaka involving consideration of 
regional tectonics, likely design earthquake, 
local geology and soil characteristics and 
liquefaction potential. The resistance of 
wooden houses to earthquake shaking is 
related to ground strain and an assessment 
of the risk to houses is prepared using a 
500 metre square grid. 

Trifunac and Anderson (page 559) 
report a study of the variation in seismic 
risk in a region about 140 km x 150 km 
(the Los Angeles region). They conclude 
that the maximum difference in seismic risk 
between sites is smaller than the uncertainty 
involved in the estimate of a single site. 
Thus very few zones (at most 2 or 3) can 
be justified for the area. The conclusion 
appears to have some relevance in other 
seismic regions. 

8. SOCIAL ASPECTS AND MICROZONING -

Hutten and Mileti (page 179) believe 
that the potential for catastrophic loss 
in major earthquakes in developed communities 
is increasing. Microzoning studies could 
provide an important first step toward 
implementing comprehensive damage reduction 
programs for earthquakes. 

Increasing concentrations of people 
and development lead to increasing levels 
of potential loss. The historic record of 
damage and loss can be very misleading. 
Losses in a major earthquake near San 
Francisco are estimated now to be up to 
$20 billion, and in Los Angeles $25 billion 
(40,000 and 12,000 lives lost respectively). 

According to the authors there are 
five areas where hazard reduction measures 
may be implemented. 

Earthquake resistant construction: Codes 
effectively reduce damage from moderate 
earthquakes. However they are intended only 
to provide minimum requirements for public 
safety and in a large earthquake some code 
buildings may be total economic losses. 
Dense occupation of expensive structures in 
areas of high risk is a major contribution 
to the rapid growth in potential loss. 

Land use management: The sole use of 
building codes as a strategy to control 
loss continues to have little effect on 
the trend of growing potential loss. This 
will continue until decisions to locate in 
areas of high hazard are discouraged (by 
comprehensive land use management programs). 
There is a misconception that damage from 
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fault movement is a major loss in earthquakes. 
Local ground failure (slope stability in 
particular) may be a major factor in earthquake 
loss. Microzoning studies provide a basis for 
the development of comprehensive land use 
management programs. 

Prediction and warning systems: Forecasts 
of damaging earthquakes may be available in 
less than a decade but because a reliable 
system for prediction may not be available 
in the foreseeable future reliance on this 
adjustment is not recommended. 

Emergency response: Community preparedness 
for emergency response will minimize the 
risk of associated hazards of fire and flood. 
There is a widespread lack of knowledge 
about the vulnerability of utilities, comm­
unications and health services to earthquake. 
Planning should take better account of the 
implications inherent in the failure of 
vital life lines and inaccessible services 
due to earthquake damage. 

Pre-event planning for reconstruction: 
Studies indicate that the reconstruction 
process is ordered, knowable and predictable 
and preplanning in a general way for 
reconstruction appears to be possible. 

9. WHAT IS MICROZONATION 

Olson states (page 1475) that it is 
evident that (1) there is no universally 
accepted definition of the term, and (2) 
the policy implications of seismic micro-
zonation have not been clearly recognized: 

"From the viewpoint of public policy, 
microzonation appears to be a process 
consisting of several techniques used to 
evaluate the seismic, geologic, and 
soils characteristics of areas as large as 
perhaps a multi-state region or as small as 
a building site for the purpose of determining 
the potential susceptibility of damage to 
structures from earthquakes. Logically, the 
next step would be to apply more or less 
stringent practices, standards and procedures 
on the use of land and construction." 

Hutton and Mileti are more specific: 
"Microzone studies have a tremendous potential 
contribution to make to planning efforts 
made by public and private managers to reduce 
earthquake hazards. In order to make the 
contribution, many obstacles must be overcome. 
Some of the more obvious next steps are: 

- A thoughtful specification of the elements 
comprising ideal microzonation is needed. 
For microzonation to be most useful to 
local decision makers the information needs 
to go beyond delineating soil and foundation 
data. Maps may include judgements about 
especially vulnerable segments of population, 
secondary hazard potential (fire), and 
especially hazardous facilities, including 
structures. More detailed information may 
better illustrate mitigation decision 
priorities to local decision makers 

- Formal criteria are needed to determine the 
priority areas for microzoning earthquake 
effects. Earlier candidates for microzona­
tion may be those places where growth has 
yet to occur rather than areas where 
population density is high. Preventing 
incompatible development is cheaper than 
correcting existing facilities. 

- Ultimately, local decision makers 
need more detailed information than 
currently provided with which to make 
more comprehensive land use decisions 
for earthquake and other hazard mitigation 
efforts 

10. EARTHQUAKE INSURANCE AND MICROZONATION 

Steinbrugge (page 203) identified 
three elements in evaluating the risk to 
building - geologic hazards, seismicity 
and building damage patterns. Microzonation 
could be limited to describing the principle 
geologic hazards; active faults, potential 
land-slide areas and structurally poor ground 
areas. However movement of active faults 
has no impact on losses and can be ignored 
(except for individual major structures). 
Furthermore, experience shows that land-slide 
microzone maps are difficult to interpret 
and to apply consistently. 

Because low valued building have low 
premiums (for earthquake insurance) site 
studies are therefore uneconomic. 
Generalised microzoning schemes may be 
useful for setting premiums for this class 
of building. 

However analysis indicates that 
differential earthquake insurance premiums 
will probably have no effect on home owners 
(the premium is relatively small). Thus 
Steinbrugge concludes that microzoning will 
have greater benefits as part of the building 
construction regulatory process. 

11. CONCLUDING COMMENTS 

The conference drifted away from 
microzoning and entered many fields in 
earthquake engineering. A contributory 
reason for this may be that there is confusion 
over the nature and purpose of microzoning. 
This situation may continue until there is 
greater awareness amonst city planners and 
elected officials of both the nature of 
the earthquake risk to them, and of possible 
actions to reduce the risk. 
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