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SVIC NOTES

Tell the Story

e W R Ny NP ST N e

This was written at the time we were planning the program for the 56th Shock and Vibration Sym-
posium so | chose the topic of selecting papers for technical meetings for this month’s "SVIC Notes.”

While the paper selection process differs between the verious organizations that sponsor technics!
meetings, | believe it can still be divided into two distinct phases. The initisl stage of the paper selection
process is to obtain a preliminary assessment of the technical merit of the author's work. The technicsl
content of the paper is evaluated during the final stage of the paper selection process, and this is done by
subjecting the paper to a peer review before publication. | will concentrate on the initial stage of the
paper selection process because the use and the importance of the peer review in selecting pspers for
presentation or for publication is well known.

:
[j,
)’
!

in the initial stage of selecting a paper, its preliminary technical merit is often based on the quality of
a one or two page summary of the author's work which must tell the author’'s story in an sbbrevisted
fashion. To be specific, the summary should not only tell what was done, it should describe the problem
that was soived and the unique features that set the solution of the problem apart from just another rou-
tine engineering effort. If new methods were developed to solve the problem, then their development
should be briefly described, and the shortcomings of the existing methods for solving the same problem
should be discussed.

This initia) stage of the paper selection process may not seem to bs as important to some as the
final stage, where the paper’s technical content is evaluated; but it should not be taken lightly. This stage
of the paper selection process may be more important than many realize because quite often the deci-
sions, whether to allow a paper to be presented, or whether to review the complete paper for publication,
may be made at this stage of the paper selection process, and those decisions will be based on the qual-
ity of the author’'s summary.

Undoubtedly, a few worthwhile papers have been rejected at the initial paper selection stage
because the authors summaries did not tell the story; this was one of the most frequent reasons for
recommending the rejection of proposed papers for this year's and for previous Shock and Vibration
Symposia. The rejection of otherwise worthwhile papers is unfortunate because useful information,
although it exists, is effectively lost since it is not in a form where it may be readily retrieved. If someone
eise needs this same information in the future, he or she will have to duplicate the original development
effort to get it, and this will be costly.
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" EDITORS RATTLE SPACE ?

THE LITERATURE REVIEW

NN,

One of the major sections of the DIGHST is the Literatuic »2view, the purpose
of which is to provide subjective assessment of the literature published on g
shock and vibration over a three year period. The articles are intended to !
present summaries of the major developments in small well-defined atess and

- to eliminate published material with litde utility. The first time a literature :
geview is published in a given area a short tutorial is included along with a -
sketch of the classical literamure published to date. The field of shock and
vibzation has been divided into about 150 subject ateas to accomplish this
program.

-
-

During the past ten years this program has had mixed success. Many excel-

lent articles have been published, but some topic ateas are not even touched
. -- particularly those involving experimental work. In many cases it is difficul '
- to obtain reviewers. Authocs most frequently survey the entire literature in an ]
area rather than prepare a critical review. This usually causes much extra ‘
unrequired effort. Another pitfall involves the definition of the topic area. e
Large topic areas necessitate lengthy articles and a discouraging amount of “
. prepacation time. Occasionally the author never finishes the review. Typically
a topic area should not encompass the breadth of the authors' technical exper- g
= tise but rather a small well-defined part of it. °J

At present we are examining the literatuze review program to determine what
can be done to make it more effective. New reviewers are being solicited, &
old zeviewers are being encouraged, and topic ateas are being evaluated. "

If you are interested in joining the literature review program of the DIGBST, .
please send a short (50 word) description of your potential topic area or write -
for the preparation guidelines. We are particularly interested in obtaining re-
views from those who conduct tests on equipment or who have developed test- -
ing techniques. Each reviewer teceives a free three (3) year subscription to L
the DIGBST for his or her efforts.
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ASHISMIC BASE ISOLATION
J.M. Kelly®

Abetzact. This teview covers develop-
ments in rescasch and implementation in
ascismic base isolation since May, 1981.
The comsiderable increase in reseazch has
been both theoretical and experimental
and has been conducted at an increasing
mumber of centers. Theze has been a
concomitant increase in the implements-
tion of technology. Several new buildings
have utilized various forms of base isola-
tion system. This review describes these
recent developments. R is not cencerned
with patents or other preprictary arrange-
ments for specific systems; some of the
systems described in this review may be
subject to such testrictions.

Aseismic base isolation is a relatively old
concept that has only recentdy become a
practical possibility as a result of develop-
ments in building technology. As an ap-
proach to earthquake protection it is in
complete contrast to standard aseismic
design, Conventional methods seek to pro-
tect buildings against carthquake hazard by
increasing their structural strength and
their capacity to dissipate energy. Seismic
regulations require that the vibrational
energy due to earthquake loading be ab-
sotbed by ineastic action of a structural
system. Consequently, a structure, particu-
larly at beam-column connections, must be
designed with the requisite ductility. In-
elastic behavior has the effect of increas-
ing both the natural period and damping of
a sttucture, thereby limiting its response.
However, inelastic behavior inevitably in-
volves damage to a structural system and
also to nonsttuctural components and
equip ment,

It is the horizontal components of earth-
quake ground motion, amplified by the
dynamic response of a structure, that do
the most damage to a building and its
contents. In the base isolation approach,

the building floats on a system of founda-
tion bearings that act to uncouple the
building from horizontal ground acceleratio-
ns. The building is then isolated at the
base from the damaging components of the
earthquake; not only is the structural sys-
tem protected but occupants and contents
are protected as well.

Since the previous review of seismic isola-
tion, which covered research and imple-
mentation to 1980, there has been a
dramatic increase in interest in this area.
The rate of publication of research papers
both on theoretical aspects of the subject
and on experimental results has risen
sharply. Since the last review buildings
that were then under construction have
been completed, several new building pro-
jects have been initiated, and others are
contemplated.  Buildings have been con-
sttucted on base isalation systems in
France and New Zealand; construction has
begun on a building in California that will
be the first base-isolated building in the
United States. There are definite plans to
start construction in 1985 of a second
base-isolated building in California. The
potential application of base isolation is
being stdied with regard to liquid-metal
fast-breeder reactors in the United States
and conventional reactors in Japan.

Research on base isolation has spread to
centetrs in the United States and other
countries; many new forms of isolation
system have been studied. Most practica-
ble isolation systems are based on lami-
nated rubber bearings with steel reinforcing
plates; additional elements provide other
response characteristics, The behavior of
rubber bearings is now better understood,
and much work has been done to improve
elastomers. Other systems have been de-
veloped that incorporate other types of
spring elements; some systems involve slid-

®pProfessor of Civil Engineering, University of California, Berkeley, CA 94720
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ing elements. They are described in this
teview,

A major impediment to the use of base
isolation technology prioc to 1981 was a
lack of explicit refetence to the method in
building codes. This has been somewhat
alleviated by development of code specifi-
cations. Another deterzent is specifying
design spectra at the low frequencies of
base-isolated systems; in particular, there
is a lack of confidence in predicting maxi-
mum displacement demands at the isolation
system. A code for conventional design --
the UBC, for cxample -- is based on an
equivalent lateral force of 12% to 18% of
building weight. Base isolation requires a
maximum credible ecarthquake of a very
high magnitude. However, no recotds of
ground accelerations and ground displace-
ments exist in the near field of a very
large earthquake. The designer is con-
fronted by uncertainties that would not
arise if a conventional design were used.

RUBBER BEARING ISOLATION SYSTEMNS

Rubber bearings are the simplest isolators
and are relatively easy to mamufacture,
Experience with bridge bearings, which are
similar to rubber bearings, has provided
confidence in their longevity and reliabil-
ity. The bearings used in seismic isolation
systems are made by bonding thin sheets
of natural or arcificial rubber (usually
neoprene) to thin reinforcing steel plates.
The bearings have the mechanical charac-
teristic of flexibility in the horizontal di-
rection and stiffness in the vertical
direction. They act under seismic loading
to isolate a building or structure from the
horizontal components of ground motion.
The vertical components of earthquake
ground motion are transmitted unchanged
into a structure; bearings will provide iso-
lation against higher frequencies of ground
motion such as are caused by traffic and
underground transit systems. The bearings
ate suitable for buildings that are rigid and
low-tise, up to about seven stories; uplift
on the bearings will not occur and wind
loading will be relatively unimportant,

Since 1981 rescarch has led to a better
understanding of bearing function and im-
provements in the rubber compounds.

Rubber compounds with properties suitable
for use in seismic isolation systems have
been developed. Theoretical wotk on bear-
ing development has been published in the
Proceedings of a Conference devoted to
the topic. The Proceedings contains a
review of the basic principles of rubber
bearing isolation [1], details of bearing
stability [2] and design [3], and a review
of rubber properties important in the pes-
formance of isolation bearings [4]. In
practical design of isolation systems with
rubber bearings the bearings are customar-
ily dowelled to the foundation to prevent
the development of tension in the rubber.
This leads to the possiility of a roll-off
at the top and bottom surfaces of a beas-
ing when it is loaded in shear. Such roll-
off has the effect of reducing the stability
of the bearing; an analysis of this phe-
nomenon has been reported [5]. In most
analyses of bearing stability, the reinforc-
ing plates are considered rigid. However, it
is clear from experimental work that warp-
ing of these plates occurs; an analysis of
the influence of plate deformation on the
stability of the bearings is available [6].

It is usually adequate to model a building
isolated on rubber bearings by a linear
viscously damped model; simple solutions
result. When the fixed-base frequency of a
superstructure is much higher than that of
the isolation system, the first mode is a
predominandy rigid body mode; as a conse-
quence the higher modes are orthogonal to
the dynamic input and are thus not ex-
cited. This is a particularly attractive
feature of a rubber bearing system. If
other elements are added for the purpose
of increasing damping ot contrelling dis-
placement, a simple solution is no longer
possible; higher mode response can be
generated.

Unlike conventional buildings base-isolated
buildings tend to have coincident periods in
both lateral directions and in torsion.
They can also have coincident periods in
pure vertical response and rocking re-
sponse. The possibility of coupling in these
modes thus exists, The influence of rubber
damping on the seismic response of tor-
sional-lateral coupling has been treated
[7]. ‘The tesponse of systems with cou-
pling in the vertical and rocking modes has
been described [8]. The results of these
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studies indicate that, with the degree of
damping possible in rubber bearings, the
influence of such coupling is not likely to
be important. However, it is worth noting
that many modern buildings have, for ar-
chitectural reasons, unsymmetrical struc-
tural configurations; such buildings can
have a very unbalanced response under
seismic loading [9]. The use of base iso-
lation for this type of building would be
beneficial in that the bearings could be
located to balance the center of mass and
the center of stiffness. In addition, the
response of the superstructure would be
mainly rigid motion and would thus cancel
negative structural effects of the configu-
ration.

Experimental wotk on the response of
tubber-isolated systems is continuing at
several centers. Shake table studies at the
Earthquake Simulator Laboratory of the
Earthquake Engineering Research Center of
the University of California at Berkeley
have included an isolation system wusing
rubber but with a fail-safe system [10,
11]. This system was also tested by an
explosively generated simulated carthquake
[12]. Shake table tests also included an
isolation system for a large power plant
component [13] and the effects of various
isolation systems --all of which incorpo-
rated damping devices -- on the response
of light secondary equipment [14, 15]. The
results show that, if rubber bearings are
used with no additional add-on elements,
the orthogonality of higher modes to the
input greatly reduces the response of the
equipment as compared with conventional
construction. The degree of protection
afforded the light equipment is superior to
that provided for the building itself.
However, when other eclements are added
to provide additional damping, they inevita-
bly produce high-frequency response and
accelerations in the equipment. Many of
these damping elements have the desirable
effect of controlling displacements at the
isolation system with a relatively small
increase in accelerations throughout the
sttucture but produce substantial increases
in acceleration of equipment.

Shake table tests of an isolation system in-
corporating rubber bearings denoted by the
code name GAPEC were carried out on the
shake table at the John A. Blume Earth-

quake Engineering Center at Stanford Uni-
versity [16]. GAPEC isolators are
conventional laminated natural rubber beat-
ings; they were used in a small schoodl in
France constructed in 1978 [17]. These
isolators have also been installed under
citcuit breakers in an electric power plant
in California [18]. Electrical facilities
proved extremely vulnerable to earthquake
attack in the 1971 San Fernando Valley
earthquake., In fact, electrical equipment
in switchyards was identified in the after-
math of that ecarthquake as the most vul-
nerable component,

GAPEC isolators are now being used in a
three-story building in Toulon, France, for
the French Navy [19]. The building is to
be used to store radioactive waste. The
isolation system uses 52 rubber bearings.
The building is reinforced concrete
throughout the external shear walls and an
internal frame; it is 24m x 13m in plane
and about 15m high. The unisolated period
of the structure was 0.30 sec; under the
design earthquake that had a peak of 0.3g
the maximum response acceleration was
0.61g. When isclated the period was ex-
tended to 0.73 sec and the calculated
acceleration was 0.33g. The vertical stiff-
ness of the isolators is 360 times the hori-
zontal stiffness.

Interest in isolation appears to be develop-
ing in Japan. At least three Japanese
construction companies have carried out
experimental tests of isolation system with
natutal rubber bearings; research on iscla-
tion is also being carried out at the Uni-
versity of Tokyo [20). Laminated rubber
bearings and frictional slip plates are used
to enhance the system damping.  Static
tests of the system have been carried out
[20].

Static and dynamic tests of an isdlation
system that uses laminated rubber bearings
and steel bats to enhance damping have
been carried out at the Technical Research
Instimite of Obayashi-Gumi Led, [21],
Dynamic tests were carried out with a
large model (10 tons) on a 3m x 4m shake
table. The Takenaka Construction Co.
built a large model of a cosl silo and
mounted it on rubber bearings. This system
also has a damping system that uses a
thizxotropic material between flat plates.
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The model was tested by pull-back and
logarithmic decrement tests [22].

The first base-isolated building in the
United States will be the Foothill Commu-~
nities Law and Justice Center now undes
construction in the municipality of Cuca-
monga in San Bernardino County. It is 12m
X 33.5m in plan and four stories high with
a full basement and sub-basement for the
isolation system. The building will sit on 98
isolators that are multilayer natural rubber
bearings reinforced with steel plates. The
superstructure of the building is a struc-
tural steel frame stiffened by braced
frames in some bays.

The site of the building is 20 kilometers
from the San Andreas fault and the
County, which has the most thorough
ecarthquake preparedness program in the
U.S., asked that it be designed for a maxi-
mum credible earthquake for that site.
The design spectrum provided by geotechni-
cal consultants was predicated on an 8.33
Richter magnitude earthquake at the fault;
it was a constant velocity spectrum oi
1.27m/sec over a range 0.8 sec to 4.0 secs
petiod for 5% damping. The design select-
ed for the isolation system accounted for
possible torsion of the building and the
fact that damping in the isolation system
will be much higher than the 5% assumed
in the design spectrum. The result was a
maximum displacement demand of 380mm
in the isolators at the cornets of the
building. Full-scale sample bearings have
been built; tests have verified that 380mm
telative horizontal displacement is within
the capacity of the bearings [23].

The rubber for the isolators is a highly
filled natural rubber with mechanical prop-
ecties that make it ideal for a base-isola-
tion system [24]. Its shear stiffness is
high for small strains but decreases by a
factor of about four or five as the strain
increases, attaining a minimum value at a
shear strain of 50%., For strains greater
than 100% the stiffness begins to increase
again. Thus, for small loading caused by
wind or low-intensity seismic loading the
system has high stiffness and short period;
as load intensity increases, stiffness drops.
Eor very high load, say above a maximum
credible earthquake, the stiffness increases
asain, providing a fail-safe action. Damp-

ing follows the same pattern but less
dramatically, decreasing from an initial
value of 20% to a minimum of 10% and
then increasing again. In the design of the
system the minimum values of stiffness and
damping are assumed; response is taken to
be linear. The high initial stiffness is
invoked only for wind load design and the
large strain response only for fail-safe
action, The characteristics of the bearings
make the structure distinctly different from
conventionally designed buildings as well as
from the few base-isolated buildings that
now exist in other countries,

LEAD PLUG BEARING SYSTEM

A program for development of special
components for ecarthquake-resistant build-
ing design has been carried out in New
Zealand for many years. One of the re-
sults of this program is the lead plug iso-
lator, in which a cylindrical plug of lead is
inserted in a hole in the center of a lami-
nated rubber bearing. This system was
developed in the late 1970s; the intrinsic
damping in rubber compounds available in
New Zealand at that time was inadequate
to control displacements at the isalation
system. The lead plug substantially in-
creases damping from the approximately 3%
available in the rubber to about 10-15%
and also provides resistance to wind load-
ing. The system was originally proposed and
used in a building in New Zealand com-
pleted in 1982 [25]. The design details of
this building have been described [26].
Since this system was first proposed, ex-
tensive static testing has been carried out
[27-29]. A review of the use of this sys-
tem in New Zealand is available [30].

Theoretical analyses of the response of
buildings using the lead plug system have
been carried out [31-33]. Shake table
tests of a model structure on lead plug
bearings have also been carried out [34].
The theoretical analysis and the experimen-
tal results show that the lead plugs gener-
ally reduce system displacement but
inczease higher mode response. Evidence is
that damping in the bearings is dependent
on the degtee of confining pressure on the
bearing. Ptoblems have occurred with the
lead working into the rubber and with the
lead plug fracturing, theteby reducing its
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effectiveness. However, development on the
system continues [29], and tests have been
carried out on materials that could subst-
tute for lead but produce the same degree
of damping. Sand has been used with suc-
cessful results [35]. Plans [36] are to use
the lead plug system in California in a
complex of buildings to be built for the
Tandem Cotporation, It will be located
within 11 kilometers of the San Andreas
fault close to San Jose, California.

SLEEVED-PILE SYSTEMS

Piles have been used for many yeats to
support the wcight of structures. They are
typically used when soil conditions are such
that footings ot slab-type foundations are
too expensive, All other types of base
isolation system -- roller systems, sliding
systems, and rubber pads -- require the
more common concrete footing or slab
foundation. Therefore, when circumstances
dictate the use of piles as the most eco-
nomical method of support, the sleeved-pile
design is som<times the best solution to
the problems of structural support and iso~
lation from ground excitations.

A sleeved pile is a pile within a sleeve.
It can be an end bearing or friction pile;
the significant difference between sleeved
piles and conventional piles is the free
length of the sleeved pile. A length of
pile that is unrestrained by the surrounding
soil allows long isclation periods, thereby
effectively isolating a structure from most
ground excitations,

The sleeved-pile concept can be thought of
as providing most of the benefits of the
soft first story design concept without that
system's problem of collapse under exces-
sive first story lateral deflections. If, for
some reason, a structure does exceed lat-
eral displacements in a design, lateral de-
flections of the sleeved pile are restricted
by the sleeve itself. This restriction pro-
vides a fail-safe characteristic for a sys-
tem.

Theoretical wotk has been carried out at
the Massachusetts Institute of Technology
[37, 38]. A simple design procedure for
sleeved piles has been developed and the
feasibility of using sleeved piles as an iso-
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lacion system has been investigated. The
use of dampers to limit base displacements
was also suggested,

A 12-story office building called Union
House [39] has been constructed in Auck-
land, New Zealand; sleeved piles in con-
junction with energy dissipators were used
as an ecarthquake isolation system., The
piles were designed as pinned-pinned and
are about 12m long and 900mm in diame-
ter. The sleeves can accommodate dis-
placements of 150mm; this corresponds to
a maximum credible earthquake. The de-
sign earthquake displacement is 60mm.
Without dissipators the estimated extreme
carthquake base displacement is 280mm.
The isolated structure has a period of
about 2 secs when the dissipators are in-
cluded and a fundamental period of about 4
secs on the piles alone, For a design
carthquake, interstory displacements are
below Smm and below 10mm for a maxi-
mum credible earthquake; these displace-
ments imply that the structure behaves
essentially as a rigid body.

SLIDING SYSTEMS

This section is concerned with systems in
which the isdlation mechanism is entitely
sliding friction, This contrasts with sys-
tems in which rubber bearings are used in
conjunction with frictional sliders to en-
hance damping. Sliding systems are by far
the simplest isolation system. The first
suggested use of isolation for ecarthquake
protection was of this kind. An engineer-
ing commission was established by the Ital-
ian government in 1908 after the
Messina-Reggio earthquake of that year in
which 160,000 people were killed. The
Commission favored two approaches to
earthquake protection: to isolate a building
by using a sand layer under the foundation
and to connect the building to a rigid
foundation and impose height limitations
[40], The second proposal was adopted.

Sliding systems have been the subject of
much theoretical analysis. The response of
a rigid mass on a sliding system to earth-
quake input has been treated [41, 42].
The seismic response of structures on a
sliding foundation has also been considered
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[43-46]. The same problem for periodic
input motion has been treated [47-49].

Vety litde experimental wotk has been
done on sliding systems; as far as is known
no large-scale shaking table tests have
been carried out. However, tests have
been described [50-52] of the performance
of half-size single-story brick buildings that
were subjected to shock loading using a
railway wagon impact facility. Several
types of model building were tested, in-
cluding both isolated and non-isolated. It
was concluded that buildings with a sliding
joint performed better than a conventional
building and that the method was econoini-
cal compared to that used for other struc-
tutes.

The idea of a sliding joint as an isalation
system is attractive for low-cost housing
because it requires no mere complicated
technology or skilled labor than a conven-
tional building. For this reason, it has
been developed for housing in China [53].
After the Tang Shan earthquake of 1976,
masonry block buildings in which the rein-
forcement was not carried through to the
foundation performed better than buildings
in which it was. In one structure that
performed well during the earthquake a
horizontal crack was observed at the root
of the wall; a residual displacement of
about 6cm occurred. As a result of these
observations the approach adopted in China
is a separation layer under the floor beams
above a wall foundation [54]. A thin
layer of specially screened sand is laid on
the sliding surface; the building constructed
on the sand. Low-rise concrete block or
masonty buildings are very stiff and heavy
structures; they are thus susceptible to
earthquake damage and can be dangerous.
The sliding layer allows a degree of flexi-
bility that reduces seismic risk, Four
demonstration buildings have been built in
China using this technique. Three are one-
story brick houses; the fourth is a four-
story brick dormitory in Beijing for the
Strong Motion Observatory Center.

A small shake table was used to verify the
tesponse of a small-scale building model
constructed of miniaturized bricks on a
sliding system, The sliding joint was acti-
vated when the table accelerated to 0.2g;

-t
a

the superstructure slid without

[54].

collapse

One single-story building was tested by
subjecting it to explosively generated
strong ground motion. The house was de-
liberately built with very poor oquality
materials but survived the shock by sliding
instead of collapsing [54].

ROLLER BEARING SYSTEMS

Roller bearings have been proposed for
isolation systems for years, and many roll-
er systems have been patented. Most of
the systems that have been tested have
been rollers, But to accommodate the
two-directional ground motion of an earth-
quake it is essential in a practical system
to use spherical bearings -- which means
very high contact stresses -- or two or-
thogenal layers of rollers -- which in-
creases cost and decrzases usable space.
Rollers are themselves free of damping;
other energy-absorbing mechanisms would
thius have tc be provided. Reliability and
longevity of roller bridge bearings are not
satisfactory, and they have been more or
less entirely replaced by rubber bearings.
It is unlikely that roiler bearings or sphers-
cal bearings for buildings would perform
much better., Nevertheless, they continue
to be proposed, and some testing has taken
place. A system of ball bearings and hori-
zontal steel beams, referred to as the
TASS system, was tested on a small shake
table at the Earthquake Engineering Labo-
ratory of the Taisei Corporation in Japan
[551.

A system of this kind has been used in a
demonstration building in Sebastopol in the
USSR. A dry friction element and rollers
in the form of doubly spherical ovoids are
used. Displacement of the system forces
the building to rise, thus producing a re-
storing force, The system wused in the
demonstration building, which is a full-size
seven-story building, has a period of three
secs and a damping factor of 50%. The
system appatrently performed to expectation
during an earthquake in 1977. Details of
the system and the demonstration building
are available [56].
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MISCELLANEOUS SYSTEMS

Other methods of seismic isolation have
been proposed; some have been tested and
ate applicable to special structures ot
components. A System combining air-bags
and a coulomb friction device that opet-
ates only above a pre-set carthquake level
has been used to simultaneously isclate a
large high-voltage electron microscope from
ambient ground vibration and protect it
from eatthquake attack [57].

Large components in powet plants, such as
turbine generators, are conventionally pro-
vided with isolation systems to prevent the
transmission of vibration to other parts of
the sttucture. A standard system includes
helical springs and visco-dampers. It has
been proposed that this system be used to
protect full-size buildings from seismic
attack., The springs are not much stiffer
in vertical motion than in horizontal, in
contrast to laminated rubber bearings that
can be several hundred times stiffer verti-
cally than horizontally, A building isalated
on springs will be isolated to some extent
from vertical components of ground mo-
tion, but this is not generally necessary in
conventional buildings, In any event the
response of the system is such that rocking
occurs; as a result large vertical accelera-
tions can develop at the corners of the
building even in the presence of a purely
horizontal input. Vertical isolation might
sometimes be needed, but in these special
cases it will probably be more convenient
to use a double isolation system than to
attempt to cope with the large rocking
motions.

In one proposed base isclation [58] helical
steel springs are replaced by large unrein-
forced blocks of rubber. Theoretical anal-
yses of this approach have been given
[59-62]. Shake table testing of the con-
cept has been done, but the results have
not been published.

Substantial work on optimization of base
isolation systems has been carried out. An
optimization algorithm has been wused to
select optimal energy-absorbing devices
(modeled as bilinear yielding elements) for
use with a rubber bearing system [63-65].
Optimal design of a sliding base isolation
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system subject to probabilistic input has
been studied [66-68].

CODE DEVELOPMENT

Possibly the most setious impediment to
the use of isdlation systems for seismic
protection, at least in the United States, is
the fact that such use is not explicidy
mentioned in any building code. It is neot,
however, fotbidden by any code; most
codes contain a clause to the effect that
alternative approaches to seismic protection
can be used if their performance can be
demonstrated by tests and other documen-
tation. However, a lack of specific rec-
ommendations for design and construction
of basec-isolated buildings in building codes
has a deterrent effect on the structural
profession,

Codes for bridge bearings have been devel-
oped in the United Kingdom and Europe;
many of their recommendations can be
applied to seismic isolation bearings., An
extensive review of bridge bearing codes
has been given [69]. Code development
relative to vibration isolation for buildings
has been carried out in the United Kingdom
and has been reviewed [70]. The consid-
erable work done on developing code re-
quitements for seismic isolation of
buildings and bridges in New Zealand has
been reviewed [71]. Steps have been
taken to develop a seismic isolation code
for California, but this is still at an early
stage [72].

SEISMIC REHABILITATION

Although base isalation has been proposed
and used for new consmuction, the concept
could readily be adapted to the rehabilite-
tion of older buildings of architectural and
historic merit. The number of unreinforced
masonry buildings in California has been
estimated at 100,000, Many of these
buildings will be demolished rather than
strengthened due to the problems associ-
ated with conventional procedures that
involve adding new structural elements such
as shear walls, internal frames, or bracing.

The economic feasibility of base isolation
as a method of rehabilitation has been




demonstrated in a specific project. A
building in San Francisco was selected for
a design study. The exterior of the build-
ing, constructed in 1912 as a Masonic Hall,
is handsome and the interior eleganty fin-
ished. It must be made to conform to the
curzent San Francisco seismic code; under
conventional rehabilitation the procedure
would be destructive to the intetior of the
building and extremely cosdy. A base iso-
lation rehabilitation scheme was developed,
drawings were prepared, and the cost to
implement the scheme was estimated [73,
74]. The estimate is comparable to that
for a conventional rehabilitation. This pro-
ject indicates that suitable rehabilitation
strategies using the concept of base isola-
tion for typical masonry buildings are pos-
sible. Given the large number of buildings
at hazard in seismically active regions of
the United States, it is clear that substan-
tial building replacement cost could be
avoided and the safety of older buildings
greatly enhanced if this technology is used.

SUGGESTIONS FOR FUTURE RESEARCH

Many practical systems of seismic isolation
have been developed ‘n recent years. In-
terest in the application of this technique
for earthquake protection will continue to
grow. There continues to be a reluctance
on the part of the structural engineering
profession to use the coucept; this hesita-
tion 1s due to doubt as to how a building
on an isolation system will perform in an
carthquake that is substantially larger than
one for which the system was designed.
The most controversial sspect of seismic
isolation is accommodating the large rela-
tive displacements that can occur between
the bulding and the foundation. Actual
ground displacement time histories have
not been measured in large earthquakes;
integration of acceleration tecords to cal-
culate displacements can introduce uncer-
tainties, The actual magnimde of ground
displacement is not directly related to dis-
placement at the bearings; velocity of the
ground is an important patameter. Thus,
an important atea of research is to deter-
mine the appropriate design spectrum at a
particular site in the low frequency range
(2.0 to 3.0 sec periods) and in particular to
estimate spectral displacements in this
frequency range.
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Research is also needed to improve inter-
nal damping in the eclastomers used for
isolation bearings. Valuable work has been
done along these lines, bwut additional
damping would help by further controlling
displacements and reducing the risk of
resonance. Add-on dawnping devices are
available, but their use requires compli-
cated mechanical linkages or introduces
other practical problems. There is also the
question of the long-term stability of the
elastomers used for isolation systems. It
is essential that stiffness and damping
characteristics of bearings remain un-
changed over the life of a sttucture.

Multilayer elastomeric bearings are the
best developed and understood components
in isolation systems bwt additional research
on their response is needed. Theoretical
and experimental analyses of the role of
reinforcing plates in bearings is required.
In bearing design they are assumed rigid;
no design rules are available to determine
the required thickness. The question of
whether they are necessaty or could be
replaced by thin flexible but inextensional
shims is stll open.

As noted, rubber bearings are generally
suitable for low rise buildings and have
been used only for buildings of four stories
and less, The sleeved pile system is suit-
able for buildings of 12 or more stories.
Further research should be directed to de-
velopment of rubber bearing systems to
span this gap. The main technical problem
in the use of bearings for buildings in this
range is the effect of uplift on a bearing.
Theoretical and shake table studies of
bearing systems in the presence of uplift
should be vigorously pursued.

Resestch that has been carried out over
the past few years and the consttuction of
several new buildings should enable engi-
neers to proceed with confidence that the
technical problems of building with isola-
tion can be economically overcome and
that the construction process will involve
no unexpected problems for contractors.
These developments in base isolation repre-
sent an important step in the continuing
search for increased seismic safety.

NS g RSO

Vol

Y
S

te el et




L ot an S o L8

- T

REFERENCES

1. Detham, C.],, "Basic Principles of Base
Isolation,” Proc. Int. Conf. Natural Rubber
Earthquake Protec. Bldgs. Vit. Isol., Kuala
Lumpur, Malaysia, C.J. Detham, Ed., pp
65-80 (1982),

2. ‘Thomas, A.G., "The Design of Lami-
nated Bearings,” Proc. Ind. Conf. Natural
Rubber Earthquake Protec. Bldgs. Vib,
Isol., Kuala Lumpur, Malaysia, C.J. Der-
ham, Ed., pp 229-243 (1982).

3. Detham, C.J., "The Cesign of Lami-
nated Bearings IL" Proc. Intl, Conf, Natu-
ral Rubber Earthquake Protec. Bldgs. Vib,
Isol.,, Kuala Lumpur, Malaysia, C.]J. Der-
ham, Ed., pp 247-256 (1982).

4, Kadir, A., "Rubber Properties Important
in the Design of Bearings,” Proc. Int,
Conf., Natural Rubber Earthquake Protec.
Bldgs. Vib. Isol., Kuala ".umpur, Malaysia,
C.]J. Derham, Ed., pp 211-227 (1982).

5. Simo, J.C. and Kelly, ].M,, "The Anal-
ysis of Multilayer Elastomeric Bearings,”" ]J.
Appl. Mech,, Trans. ASME, 51, pp 256-262
(19 84).

6. Simo, ]J.C. and Kelly, J.M., "Finite
Element Analysis of the Stability of Multi-
layer Elastomeric Bearings,” Engrg. Struc.,
6, pp 162-174 (1984),

7. Pan, T. and Kelly, ]J.M,, "Seismic Re-
sponse of Torsionally Coupled Base Isolated
Structures, Intd, ], Earthquake Engrng.
Struc. Dynam., 11, pp 749-770 (1983),

8. Pan, T.C. and Kelly, ]J.M., "Seismic
Response of Base-Isolated Structures with
Vertical-Rocking Coupling," Ind. J. Earth-
quake Engzg. Struc. Dynam., 12, pp 681-702
(19 84).

9. Arnold, C., "Building Configuration: The
Azchitecture of Seismic Design,” Bull, New
Zealand Natl. Soc. Earthquake Engtg., 17
(2), pp 83-89 (1984),

10. Kelly, J.M. and Beucke, K.E.,, "A
Friction Damped Base Isolation System with
Fail-Safe Characteristics,” Intl. ]J. Earth-
quake Engtg. Sttuc. Dynam., 22, pp 3356
(1983).

11. Beucke, K.E. and Kelly, ]J.M., "A
Nonlinear Damping Model for a Displace-
ment Control System in Seismic Isolation,"
Proc. Fourth Cansadian Conf. Earthquake
Engrg., Vancouver, B.C., pp 392-402 (1983).

12, Kelly, J.M., "Testing of a Natural
Rubber Base Isolation System by an Explo-
sively Simulated Earthquake," Rept. No,
UCB/EERC-80/25, Earthquake Engrg. Res.
Ctr., Univ. California, Berkeley (1980).

13, Kelly,l J.M,, "The Use of Base Isola-
tion and Energy-Absorbing Restrainers for
the Seismic Protection of a Large Power
Plant Component,” Elec. Power Res, Inst.,
EPRI-NP-2918, Project 810-8 (1983).

14, Kelly, ]J.M., "The Influence of Base
Isolation on the Seismic Response of Light
Secondary Equipment, Elec. Power Res.
Inst.,, Rept. No. NP-2919 (1983).

15. Kelly, ]J.M. and Tsai, H.C., "Seismic
Response of Light Internal Equipment in
Base Isolated Structures,” Rept. No. UCB/-
SESM-84/17, Earthquake Engrg. Res. Ctr.,
Univ. California, Berkeley (1984).

16, Chameau, J. and Shah, H.C., "Dynamic
Testing of Gapec Isolators,” John A, Blume
Earthquake Engrg., Ctr,, Stanford Univ.
(1978).

17, Delfosse, G.C., "Full Earthquake Pro-
tection through Base Isolation System,” 7th
Worth Conf. Earthquake Engrg., Istanbul,
Turkey, 8, pp 61-68 (1980).

18, Kircher, C.A., Delfosse, G.C., Schoof,
C.C., Khemici, O., and Shah, H.C., "Pez-
formance of a 230 KV ATB 7 Power Cir-
cuit Breaker Mounted on Gapec Seismic
Isolators,” John A, Blume Earthquake
Engrg. Ctr., Stanford Univ., Rept. No.
79/40 (1979).

19. Delfosse, G.C. and Delfosse, P.G,,
"Earthquake Protection of a Building Con-
taining Radioactive Waste by Means of
Base Isolation System,” 8th World Conf.
Earthquake Engrg., San Francisco, 3, pp
1047-1054 (19 84).

20. Fujita, T., Fujita, S., and Yoshizawa,
T., "Development of an Earthquake Isola-
tion Device Using Rubber Bearing and




Ay A v
e

.y,
. ety o e e e e
P

v

[}

Friction Damper," Bull. ERS, No. 16, pp
67-76 (1983).

21. Takeda, et al, "Study on Earthquake
Base lsolation of Structures,” Ann., Conven-
tion Arch. Inst. Japan (Oct 19 84),

22, Aizawa, S., "Experimental Test of
Base Isolation System Using Rubber Bear-
ing," Takenaka Tech. Res. Lab., Takenaka
Komuten Co., Ltd., Tokyo (July 1984).

23. Kelly, J.M. and Celebi, M., "Verifica-
tion Testing of Prototype Bearings for a
Base Isolated Building," Rept. No. UCB/-
SESM-84/01, Dept. Civil Engrg., Div, Struc,
Engtg. Sttuc. Mech.,, Univ. California,
Berkeley (1984).

24. Tarics, A.G.,, Way, D., and Kelly,
J.M., "The Implementation of Base Isolation
for the Foothill Communities Law and
Justice Center,” Final Rept. to. N.S.F. Reid
and Tarics Assoc., San Francisco (1984).

25. Robinson, W.H. and Tucker, A.G., "A
Lead-Rubbes Shear Damoer,” Bull. New
Zealand Natl. Soc. Earthquake Engrg., 10
(3), pp 151-153 (1977).

26. Megget, L.M., "The Design and Con-
sttuction of the Base-lsolated Concrete
Frame Building in Wellington, New Zes-
land,” 8th World Conf. Earthquake Engrg.,
San Francisco, 3, pp 935-942 (1984),

27. Robinson, W.H. and Tudker, A.G,,
"Test Results for Lead-Rubber Bearings for
Wm. Clayton Building, Toe Toe Bridge, and
Waiotukupuna Bridge,” Bull. New Zealand
Natl. Soc. Earthquake Engrg., 14 (1), pp
21-33 (1981).

28. Built, S.M., "Lead Rubber Dissipators
for the Base Isolation of Bridge Struc-
tures," School of Engrg., Rept. No. 28,
Dept. Civil Engrg., Univ. Auckland (1982),

29, Tyler, R.G. and Robinson, W.H,,
"High-Stzain Tests on Lead-Rubber Bearings
for Earthquske Loadings,"” Bull, New Zea-
land Natl. Soc. Earthquake Engrg., 17 (2),
pp 90-105 (1984).

30. Skinner, R.L, "Base Isolated Structures
in New Zesland," 8th World Conf. Earth-

12

.0 .t . .t - * .

n-' l.' ~.‘ " L \' ..' t.' .'
e e et et e et e e e e
SIS S L, Wiy ) S WA A

..........
-----------------

ot .

quake Engrg., San Francisco, 3, pp 927-934
(19 84).

31, Lee, D.M. and Medland, LC., "Base
Isolation --An Historical Development, and
the Influence of Higher Mode Responses,"
Bull, New Zealand Nad. Soc. Earthquake
Engrg., 11 (4), pp 219-233 (1978).

32, Lee, D.M. and Medland, L.C,, "Estima-
tion of Basc Isolated Structure Responses,”
Bull, New Zealand Natd. Soc. Earthquake
Engrg., 11, pp 234244 (1978).

33, Lee, D.M., "Base Isolation for Torsion
Reduction in Asymmetric Structures under
Earthquake Loading,” Intl. ). Earthquake
Engrg. Sttuc. Dynam., 8, pp 349-339
(19 80).

34. Kelly, J.M. and Hodder, S.B., "Experi-
mental Study of Lead and Elastemeric
Dampers for Base Isolation Systems in
Laminated Neoprene Bearings," Bull. New
Zesland Nad. Soc. Earthquake Engrg., 13
(2), pp 53-67 (1982).

35, Budkle, LG., Personal Communication,
Dynamic Isolation Systems, Inc., Berkeley
(19 84).

36. Forell, N.F., Personal Communication,
Forell/Elsesser Engineers, Inc., San Francis-
co (1984).

37. Biggs, ].M., "Flexible Sleeved-Pile
Foundations for Aseismic Design," Massa-
chusetts Inst. Tech., Dept. Civil Engrg.,
Constructed Facil. Div.,, Cambridge, Rept.
No. R82-04 (1982).

38. Raupach, E., Schumacker, B., and
Biggs, J.M., "Flexible Sub-Suzface Build-
ing-Foundation Interfaces for Asecismic
Design," Massachusetts Inst. Tech.,, Dept.
Civil Bngrg., Constructed Facil. Div., Rept.
No. R81-18 (1981).

39. Boardman, P.R., Wood, B.]., and Carr,
A.J., "Union House -- A Cross Braced
Structure with Energy Dissipators,” Bull.
New Zesland Natl. Soc. Earthquake Engtg.,
16 (2), pp 83-97 (1983).

40, "Relazione della commissione reale
incaricata di designare le zone piu adatte
per la ricostruzione degli abitati colpiti dal

"'f,.' 0

P

‘1

L o,
‘ "a'J 4

PR T A S ',1 L)
LML) [ R

ar et oA,
WRAAPAR

>

.L .




terzemoto del 28 dicembre 1908 o da altri
precedenti . . " Roma, Tipografia della R.
Accademia dei Lincei (1909),

41, Crandall, S.H., Lee, S.S., and Williams
(Jr.), J.H., "Accumulated Slip of a Friction
Controlled Mass Excited by Earthquake
Motions," J. Appl. Mech., Trans. ASME, Al
(4), pp 1094-1098 (1974).

42, Crandall, S,H, and Lee, S.S., "Biaxial
Slip of a Mass on a Foundation Subject to
Earthquake Motion," Ing.-Arch.,, 45, pp
361-370 (1976).

43. Chen, D., "Earthquake Response Con-
trol by Sliding Friction," Proc. U.S, -
P.R.C. Bilat. Workshop Earthquake Engrg.,
Hatbin, China (1982),

44, Chen, D., "The Analysis of Earthquake
Slide-Uplift Response of Structures by
Combined Element Models,” Proc. Sino-
American Symp. Bridge Struc. Engrg., Bei-
jing, China (1982).

45, Mostaghel, N. and Tanbakuchi, J.,
"Response of Sliding Structures to Earth-
quake Support Motion," Intd. ]. Earthquake
Engrg. Sttuc. Dynam., 11, pp 729-748
(19 83).

46, Ahmadi, G. and Mostaghel, N,, "On
Dynamics of a Sttucture with a Frictional
Foundation," J. Mecanique Theorique Ap-
pliquee, 3 (2), pp 271-285 (1984).

47. Mostaghel, N,, Hejazi, M., and Tan-
bakuchi, ]J.T., "Response of Sliding Struc-
tures to Harmonic Support Motion," Rept.
No. UTEC-82-040, Univ., Utsh, Dept. Civil
Engeg., Salt Lake City (1982). Also printed
in Ind., J. Earthquake Engrg. Sttuc. Dy-
nam., 11, pp 355366 (1983).

48. Westermo, B. and Udwadia, F., "Peri-
odic Response of a Sliding Oscillator System
to Harmonic Excitation,” Ind. J. Earth-
quake Engrg. Sttuc, Dynam., 11, pp 133-146
(1983).

49, Younis, C.]. and Tadjbakhsh, LG.,
"Response of a Sliding Rigid Structute to
Base Excitation," ASCE . Engrg. Mech,,
110 (3), pp 417-431 (1984),

RAMEAMDAE I ST SO0 S i a ey Gb 8 aet Shi e o e

T e
] *
. e VR

50. Arya, A.S., "Sliding Concept for Miti-
gation of Earthquake Disaster to Masonry
Buildings,” 8th World Conf. Earthquake
Engrg., San Francisco, 3, pp 951-958
(19 84).

¥

»

. "
s %
.
-

51. Arya, A.S.,, Chandra, B.,, and Qama-
ruddin, M., "A New Building System for
Improved Earthquake Performance,” 6th
Symp. Earthquake Engrg., Univ. Roorkee,
India, 1, pp 499-504 (1978).

-...
ML SRy
ot

ot L

52. Qamaruddin, M., Arya, A.S.,, and
Chandrs, B., "Experimental Evaluation of
Aseismic Strengthening Methods of Brick
Buildings,” 6th Symp. Earthquake Engrg.,
Univ. Roorkee, India, 1, pp 353359 (1978).

a2 A o

e
L.,‘.
RS

53. Li, Li, "Base Isolation Measures in
Aseismic Structures,” Proc. U.S.-P.R.C.
Bilat. Wotkshop Earthquake Engrg., Harbin,
China (1982),

t

‘p
s *’i—l

‘

.

]
s

«
TR

S4. Li, Li, "Base Isolation Measure for
Aseismic Buildings in China,"” 8th World
Conf. Earthquake Engrg., San Francisco, §,
pp 791-798 (1984),

55. Kitazawa, K., lkeda, 2., and Kawa-
mura, S., "Study on a Base Isolation Sys-
tem," 8h World Conf. Earthquake Engrg.,
San Francisco, 3, pp 991-998 (1984).

56. Nazin, V.V., "Buildings on Gravitation-
al Seismoisclation System in Sevastopol,”
6th Symp. Earthquake Engrg., Univ. Roor-
kee, India, 1, pp 365368 (1978).

57. Godden, W.G., Aslam, M., and Scalise,
D.T., "Seismic Isolation of an Electron
Microscope,” Proc. 7th World Conf. Earth-
quake Engrg., Istanbul, Tutkey, 8, pp 69-76
(19 80).

58, Staudacher, K., "Structural Integrity in
Extreme Earthquakes, the Swiss Full Bu.se
Isolation System (3-D)," 8th World Conf,
Earthquake Engrg., San Francisco, 3, pp
1039-1046 (1984).

$9. Tezcan, S.S, and Civi, A., "Reduction
in Earthquake Response of Structures by
Means of Vibration Isolators,” U.S. Natl,
Conf. Earthquake Engrg., Stanford Univ., pp
433-442 (1979).



60. Huffmann, G,, "Spring-Damper Systems
for the Support of Stuctures to Prevent
Earthquake Damage,” Proc. 7th World
Conf., Earthquake Engrg., Istanbul, Turkey,
8, pp 167-168 (1980).

61, Tezcan, S.S., Civi, A., and Huffmann,
G., "Advantages of Spring-Dashpot Systems
as Vibration Isolators,” Proc. 7th World
Conf., Earthquake Engrg., Istanbul, Turkey,
8, pp 33-60 (1980),

62. Tezcan, S.S. and Civi, A., "Vibration
Isolators as a Tool to Prevent Earthquake
Damage,” 6th SMIRT Conf., Paris (1981).

63. Bhatti, M.A,, Pister, K.S., and Polak,
E., "Optimal Design of an Earthquake Iso-
lation System," Rept., No. UCB/EERC-
78/22, Earthquake Engrg. Res. Ctr., Univ,
California, Berkeley (1978).

64. Bhatti, M.A., Pister, K.S., and Polak,
E., "Optimization of Control Devices in
Base Isolation Systems for Aseismic De-
sign," Structural Control, H.H. Leipholz,
Ed.. North Holland Publ. Co. (1980).

65. Bharti, M.A,, Ciampi, V., Kelly, J.M,,
and Pister, K.S., "An Earthquake Isolation
System for Steam Generators in Nuclear
Power Plants,” Nucl. Engrg. Des., 23 (3),
pp 229-252 (1982),

66. Tadjbakhsh, LG. and Ma, ].J., "Rigid
Body Response of Base Isolated Structures,"
ASCE ]. Sttuc. Div.,, 8, pp 1806-1814
(19 82).

67. Constantinou, M.C. and Tadjbakhsh,
I.G., "Probabilistic Optimum Base Isolation
of Stuuctures,” ASCE ]. Struc. Div., 109
(3), pp 676-689 (1983),

14

AR S Sl Y .'.—_"f\'_'(_‘;'f""l'." I e L T e

68. Constantinou, M.C. amd Tadjbakhsh,
LG., "The Optimum Design of a Base Isola-
tion System with Frictional Elements," Ind.

J. Earthquake Engrg. Struc. Dynam., 12, pp
203-214 (1984).

69. Stanton, J.F. and Roeder, C.W., "Elas-
tomeric Bearings Design, Construction, and
Materials,” Nad. Coop. Hwy. Res. Program
Rept. No. 248, Transp. Res. Bd., Nat,
Res. Council, Washington, D.C. (1982).

70. Liquorish, A.D., "Code Requirements
Relative to Design and Application of
Structural Elastomeric Bearings,” Proc.
Ind, Conf. Natural Rubber Earthquake
Protec. Bldgs. Vib., Isol., Kuala Lumpur,
Malaysia, C.J. Detham, Ed., pp 267-291
(1982).

71. Blakeley, R.W.G., "Code Requirements
for Base Isolated Structutes,” Proc. Ind.
Conf. Natural Rubber Earthquake Protec.
Bldgs. Vib, Isol., Kuala Lumpur, Malaysia,
C.]. Detham, Ed., pp 292-311 (1982).

72. Kost, G., "Building Code Provisions
for Base Isolation,” Printed from Symp.,
Base Isol. Struc.,, ASCE, Philadelphia
(1983).

73. Kelly, J.M. and Way, D., "The Seismic
Rehabilitation of Existing Buildings Using
Natural Rubber Bearings," Proc. Intd. Conf.
Natural Rubber Earthquake Protec. Bldgs.
Vib., Isol., Kuala Lumpur, Malaysia, C.].
Detham, Ed., pp 143-173 (1982).

74. Kelly, J.M,, "The Economic Feasdility
of Seismic Rehabilitation for Buildings by
Base Isolation,”" Rept. No. UCB/EERC-
83/01, Earthquake Engrg. Res., Ctr., Univ.
California, Berkeley (1983).

el e rr
[NOSA LA '_.l

L, B
REAIP IO PRV IR

ot
P

P
NN R :_J

»
i B B S

"y

. {.lf

’

R )
e

o

L4
a2




L s ._f.c.:l' .c’:

A S R AN A DA a5 S D St tava®la

.‘

LI

LITERATURE REVIEW: i sect ot

The monthly Literatute Review, a subjective critique and summary of the lit-
erature, consists of two to four reviews cach month, 3,000 to 4,000 words in
length. The purpose of this section is to present a "digest" of literature over a
period of three years, Planned by the Technical Editor, this section provides
the DIGEST reader with up-to-date insights into current technology in more
than 1350 topic areas. Review articles include technical information from
articles, reports, and unpublished proceedings. Each article also contains a
minoz tutorial of the technical area under discussion, a surtvey and evaluation
of the new literature, and recommendations. Review articles are written by
experts in the shock and vibration field.
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Abstract., This article reviews recent lit-
ezature on wind-excited behavior of struc- have been considered include close inter-
tutes. Among the phenomena considered ference effeces [17, 52, 53, 74, 131, 201
are those due to vortex shedding, gallop- c, 201 f, 204 g] and aetodynamics of
ing, flutter, divergence, and turbulence. hanging roofs [34, 69-71].

Theozetical and experimental (model and

described [1-3]. Special mechanisms that

LY

full-scale) studies are included, as are
techniques to alleviste wind-excited behav- VORTEBX SHEDDING
ior.

Basic data on vortex shedding have been
given [1-3]; much new information is ref-
erenced in the present review. The studies
reported consider synchronization, cross
flow, and in-line responses. In some cases
the additional effects of free-stream turbu-
lence are included.

Eatlier review articles [1-3] discussed the
technical literature related to the dynamic
tesponse and aeroelastic behavior of typi-
cal structural forms through 1981. The
present paper reviews the literature from
late 1981 through 1984. The references

cited are tabulated in tables intended to
help the specialist find a literature source
and particular references that deal with
specific topic areas.

THE NATURE OF WIND

Publications that ptesent useful information
on the current state of knowledge on the
nature of wind (see Table 3) include books
[197-199] and reviews [30, 40, 51, 101-
103, 109, 139, 159, 165]. Data specific to
Hong Kong are also available [204 k, 204
11. Studies dealing with tornadoes and
hurricanes are reported [65, 143, 147, 152,
204]. Wind simulation criteria for wind
tunnel tests are discussed [155] and ap-
plied in Japanese research [162].

MECHANISMS

Wind-excited tesponses considered in this
article include those due to vortex shedding
and subsequent in-line and cross flow bend-
ing oscillations; ovalling oscillations; tor-
sional oscillations; galloping oscillations;

In-line and cross flow bending oscillations.
References for these phenomena are listed
in Table 3. The Iwan-Blevins model for
predicting wave-vortex excited oscillations
of bluff bodies in cross flow using Hopf-
bifurcation theoty has been studied [4];
good agreement was found with experimen-
tal data. In another study [22] an existing
mathematical model was adapted to include
experimentally obsetved changes in the
near wake and including drag forces. Good
agreement was found in the lock-in range.

The Iwan-Blevins coupled wake oscillator
model has been applied to marine risers
[10]. The structure was represented by a
finite element model; the corresponding
equations were integrated numerically in
time and included turbulence excitation.
Another study on marine risers [9] consid-
ered steady and unsteady deflections in
in-line and cross-flow directions,

Results using the von Karman theoretical
formula for mean drag force and the Sallet
formula for lift force amplitude, including
vortex shedding and forced vibration, have
been compared [19]. Othet comprehensive
A two-di-

studies are available [54, 55].

flutter, divergence (buckling); and turbu-
lence effects. These phenomena have been mensional mathematical model [54] is -
*Dicecter, City Pelytechnic of Hong Keng, P.O. Box 98441, Tsim Sha Teui P.O. Kewloen, i
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capable of reproducing two ecffects -- an
increase in spap-wise correlation of forces
with increasing amplitude and the phe-
nomenon of lock-in, The model was devel-
oped within the framewotk of random
vibration theory and uniform flow. It util-
izes s nonlinear aerodynamic damping force
that co-exists with and is uncorrelated with
fluctuating forces arising from vortex shed-
ding. The three-dimensional model consid-
ers circular cantilevers of varying diameter
and modes of atbitraty shape. This model
includes such effects of turbulent shear
flow as lateral forces arising from the
lateral component of turbulence [355].

Other pertinent studies have had to do
with cables [188], chimneys [106], pris-
matic bodies [49]), and angle sections
[50]. A two-dimensional angle section
[50] was allowed the separate degrees of
freedom of plunge and torsion; the former
showed lock-in, the latter did not. The
motions when combined still tended to
occur in either one or the other modes.
The plunging resonance was at first due to
vortex shedding; this was quickly followed
by galloping.

Studies relevant to chimney design for
vortex shedding include full-scale and
model test data and comparisons with
theoty and design code requirements [122-
128, 130]. Other studies for non-circular
sections have been concerned with squate
and rectangular section cylinders [58, 61,
62, 192, 193]. Table 2 lists references
concerned with problems of arrays of cyl-
inders [126, 127, 130, 185, 201 c].

Ovslling oscillations., Three publications
[73, 190, 191] from the one research group
present experimental evidence [190] sug-
gesting, paradoxically, that vortex shedding
can fortuitously aid in the precipitation of
ovalling oscillation but is not essential to
it., An alternative analytical model [191]
based on a quasi-static aeroelastic theory
was used to predict ovalling oscillations.
The most recent paper [73] summarizes
all available experimental evidence; it is
concluded that the influence of vortex
shedding is uncertain. The paradox re-
mains.

Torsional oscillations. Torsional oscillations
as a consequence of vortex shedding have

18

been considered. For squate and rectangu-
lar model buildings the largest contribution
to vortex-excited torque came from rear-
ward faces [61]. Comparisons between
model and fuil-scale buildings are available
[63]. Coupled lateral-torsion motions have
also been reported [37, 174, 204 o0]. Flut-
ter and vortex excitation in smooth and
tutbulent flows have been studied for a
range of rectangular shapes with various
depth to height ratios [192]. Different
effects of turbulence were observed on
high-speed and low-speed torsional flutter
and vortex excitation,

GALLOPING OSCILLATIONS

The basic mechanisms underlying galloping
are well understood; several relevant review
papers are available [1-3, 11, 27, 39, 49].
Full-scale tests have been reported [25],
as have comprehensive model tests [26]
for six different sections with various
corner radii in smooth and turbulent flows.
Static and dynamic tests showed good
agreement for the plunging mode using
measured aerodynamic coefficients. Good
agreement was also obtained [32] with
theory for the maximum amplitude of a
limit-cycle oscillation for a general, arbi-
trary cross section.

The theory of two-dimensional galloping
has been extended to the three-dimensional
case of cantilever-supported structures in a
uniform stream [49]. In contrast to the
results expected the flow velocity for the
onset of oscillation was dependent only on
body shape. It was impossible to normalize
the ensemble of results with dimensionless
parameters indicated by theory. Galloping
is one of several phenomena considered for
bridge sections [80, 81, 134], pylons [81,
129], angle sections [50], and square cyl-
inders in water [193, 201 al.

FLUTTER

Classical flutter can occur when two or
more distinct elastic modes couple, even if
all individual modal aerodynamic dampings
are positive. Vatious non-aeronautical
structural forms --typically slender bridge
sections -- have exhibited this phenomenon.
A good general review that includes this
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topic [11] deals specifically with suspen-
sion bridge aeroelasticity, Other papers
deal with bridge sections using aerodynamic
admittance functions [14, 79]; compare
two-dimensional flutter theory with wind
tunnel test results [20]; show reasons for
and origins of various aeroelastic phenom-
ena using pressure data [80]; and present a
wide range of bridge geometries [81] and
analyses and test results [97]. A compari-
son of full-scale data and wind-tunnel data
with theory showed that flutter behavior
can be predicted reasonably well using
aerodynamic thin plate theory [104].

Classical flutter can be cured [134] by
openings in lower and upper surfaces of a
bridge deck. A review of trends in wind
tunnel testing for bridge flutter is available
[154]. The flutter of angle sections [50]
and suspended roofs [69-71] has been stud-
ied,

DIVERGENCE (BUCKLING)

An inflated spherical membrane used for a
temporary structure can buckle under a
steady wind [100], as can a thin circular
cylindrical shell [67, 204 i]. The latter
configuration was an antenna shield for a
tall mast supported at discrete positions
lengthwise. An optimal support location
was determined from theotetical and ex-
petimental results.

Cooling towers have also been studied for
wind-induced buckling [107, 142, 182]. It
was demonstrated [107] that a typical
reinforced concrete cooling tower would
not buckle in the classical sense. Instead,
failure was initiated by rapid propagation
of cracks in tensile zones followed by tem-
porary stiffening and, finally, by yielding
of the reinforcement.

It was shown [107] that buckling loads
resulting from linear and geometrically
nonlinear pre-buckling analyses are consid-
erably larger than :the ultimate load. In
addition, results based on a certain form
of equivalent axisymmetric pressure are on
the unsafe side of corresponding tesults
from an actual wind load. Finally, the
crack load, representing a lower bound to
the ultimatr load, can be estimated by a
linear, elastic, non-axisymmettic analysis.
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New predictions have been presented [142]
for cooling tower buckling and compared
with new experimental data. Various ana-
lytical techniques were evaluated and ex-
tended to circular cylindrical shell buckling
due to wind.

TURBULENCE EFFECTS

Of numerous publications on turbulence-in-
duced vibrations [Table 3], the majority
have dealt with buildings. The effects of
tutbulence on other excitation phenomena
have also been studied [26, 55, 62, 192].

A study on cables of turbulence-excited
deflections and stresses, and hence fatigue
— including effects of vortex excitation -~
has been reported [5]. An analysis of
suspension bridges for buffet uses aerody-
namic admittance functions [14]. Time
integration has been used with an appropri-
ate algorithm that considers stability,
accuracy, and error propagation of the
analysis [36].

Comparisons of theory and full-scale data
[78] showed over- and under-estimates of
response, depending on assumptions, of
greater than 20% to 40%. It has been
shown that taut strip models on a turbu-
lent boundary layer are capable of simulat-
ing full-scale motion [178]. A
computation of cross-spectra of bridge
response to turbulent wind has been per-
formed [179]. An analysis of turbulence-
induced vibrations on the safety of bridges
[194] and buildings [6] during construction
has been considered. Other relevant stud-
ies on bridges are available [18, 33, 201 f,
201 gl.

General equations for bi-lateral translation
and torsion for high rise buildings have
been derived [28)]. In three-dimensional
analysis the contributions of individual
structural members were analyzed [29].
Occupant teactions to gust loads [115,
135] and to typhoon-induced vibrations
[65] have been considered.

A design procedure has been developed
[105] that provides reasonable estimates
(within + 25%) of cross-wind responses (dis-
placement and acceletation) compared with
wind-tunnel measurements at reduced wind
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velocities and at structural damping values
consistent with modern habitable tall build-
ing design. The method uses random vi-
bration theoty and mode-generalized
cross-wind force spectra. Diffetent build-
ing shapes and sizes in both suburban a2 d
city center wind flows were considered.

A similar study [111] for buildings of
square cross section produced simplified,
closed-form expressions -- based on wind-
tunnel measurements -- for auto-and co-
spectra of cross-wind force fluctuations for
any desited approach flow condition. The
expressions provide flexibility in selecting
input parameters and v ' be useful in the
preliminary design of t. “uildings. Re-
sponse predictions were in excellent agree-
ment with earlier studies [105, 138]. Other
relevant studies [106] show peak factors
and load factors in excess of those used
currently in codes of practice; more ra-
tional solutions were offered.

General studies [116, 117] considered the
combined effects of resonant and non-reso-
nant inputs. Strength, deflection, occupant
comfort, and fatigue have been studied
[135]. Existing data on human tolerance
of building .otion have been published
[168]; a sumpie procedure for the service-
ability limit state using random vibratien
theoty was proposed.

A novel method [108] is based on the
theory of stochastic differential equations;
it is possible to considerably reduce the
numerical work compared with methods
using power spectral densities, 1t 18
claimed that the method gives a deeper
insight into the physics of random vibra-
tions.

A closed-form solution for slong-wind te-
sponse estimation [137] begins with a clas-
sical formulation. It has been applied to
two standard structural models. The te-
markable simplicity and high precision of
the method are illustrated. It is claimed
that parametric studies are easier and cri-
teria motre geadily formulated for different
structural classifications. Relevant papers
have been published [93, 94, 136, 173,
177]. Combined effects of turbulent wind
and nonlinear hydrodynamic forces due to
surge and including coupling effects have
also been published [160].
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Along-wind motion of a multistory building
on compliant soil has been considered in a
theoretical study [184]. Results indicated
that soil compliancy decreases the response
of stiffer moderately tall buildings (up to
10 story) by about 17% but increases re-
sponse of more flexible very tall buildings
(up to 40 story) by about 21%. Some
responses were dominated by structural

‘modes higher than the fundamental. Othes

studies on the influence of the soil are
available [48, 195]. Additional studies are
concerned with cooling towers [186] and
masts and towers [87, 88, 116, 156, 170].

FULL-SCALE DATA

References on full-scale data can be cate-
gorized by structural configuration into
chimneys [15, 75, 123-126, 128], buildings
[7, 8, 60, 6363, 172, 204], bridges [78,
96, 104, 178), masts and towers [7, 86,
88, 129], cooling towers [56], and trans-
mission lines and cables [29]).

The chimney studies included s multi-flue
chimney [15] and steel chimneys [73, 123,
125, 126, 128]. Some studies were con-
cerned with wvibration alleviation tech-
niques; c.g., helical strakes [125, 128),
slats [19), and resdient base damping [75,
204 1.

A correlation study of 63 full-scale steel
chimneys [123] -- varying 1n height from
23m to 14%m -~<omparer teported pertorm-
snce ind predictions. A newly developed
empirical parameter that gives improved
cotrelation was intreduced. Thus parame-
ter, unlike the Scruton number, s net
non-dimensional .

A total of five chumneys sad two tewers
have also been studied [12¢). C(omparsens
of the reinforced concrete structures with
8 ptoposed mathematical model showed
agreement to within about 8. Configuse-
tions of 5 x 120m hgh steed chr-neys and
3 5 29m steed chimneys with relatively
close spacings have also been studied
[126]. Structural bracing and dynamic
absorbers wete consxdered as remedial
measures.

In & study utdizing a proposed code for
steel chimneys [128) 12 chimneys were




examined. They varied in height from 40m
to 90m,

The buildings studied have been mainly high
rise. New data [7] are available for four
tall buildings 103m to 170m in height and
for 12 buildings [60]. The lactter data [60]
were correlated with existing data and
plotted for 163 buildings. A fundamental
frequency (f) vs height (H) relationship -- f
= 46/H (for 7<H<200m) -- was obtained.
Some data were compared for measured
and predicted responses using two codes.

A 57-story office building has been com-
pared with an aeroelastic wind tunnel
model [63]. The results showed a signifi-
cant torsion effect. Vibration tests and
analytical studies on three medium-rise
concrete structures [64] have shown the
important contributions to building stiffness
of certain partitions and shear walls,
Active control systems have been studied
[172].

Typhoon-induced vibrations in a building
and occupant reactions in five buildings
have been studied [65]. Typhoon-induced
vibrations have been measured [8, 204 3]
using a new laser displacement meter.

Predictions of bridge responses compared to
measured data are available [78, 96, 104].
The efficacy of taut strip wind tunnel
models has been confirmed by full-scale
studies [178].

Data for a 250m tower [86] have shown
significant increases in damping levels,
particularly in the second mode. The in-
creases were produced by a water tank
tuned-mass damper and a secondary damp-
es,

TECHNIQUES TO MINIMIZE WIND-EXCITED
DYNAMIC RESPONSEB

The role of damping, mass, and stiffness in
the reduction of wind effects on structures
has been studied [47]. The parameters
can be considered separately or collectively
in allevistion techniques to minimize wind-
excited responses [101-103, 109]. A gen-
ezal study is available [35].

Reductions in the periodic nature (and
amplitude) of exciting aerodynamic forces
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on such structures as chimneys can be
achieved with helical strakes [15, 42, 125,
127, 128], vertical slats [15, 42, 127,
131], or perforated shrouds [42, 127].
Various hydtodynamic excitation suppression
devices have also been considered [9].
For bridge vibrations special flow control
vanes [133] and other modifications of
aerodynamic forces using openings in upper
and lower bridge deck surfaces [134] have
proved successful,

Added structural or viscous damping has
also been studied [39, 47, 57, 75, 81, 122,
189, 196, 204]. Changes in stiffness have
been considered [47, 126] as has the use
of tuned mass dampers or vibration absorb-
ers [46, 86, 90, 95, 110, 126, 133, 181,
187]. Of particular interest are the use of
a water tank in a building as a tuned mass
damper [86] and a wind tunnel study of a
conventional tuned mass damper [90]. A
unique form of damper comprises a hinged
extension (to the top of a tall mast) that
incorporates rotational springs and a vis-
cous damper at the hinge [95]. A positive
benefit is predicted for vortex shedding.

Transmission line problems have been con-
sidered [39]. New material was given on
the review and analysis of a single conduc-
tor in a coupled two-degree-of-freedom
method. An extension to a bundled con-
ductor and a report of new data on the
WINDAMPER used to control galloping
were also given,

Many studies have been reported on the
use of active control technology. A broad
study [181] concluded that semi-active
systems are superior to conventional pas-
sive control and are perhaps comparable to
active control systems. An active control
system has been proposed [110] that pre-
sents & systematic approach to the analysis
of such a system; an example was given,
Comparisons were made with passive tuned
mass dampers (TMD),

Other detailed studies are available [13,
37, 66, 98, 144, 149, 161, 171, 172, 176,
204 h]. One sequence of papers [66, 98,
149, 161] explored active control of in-line

21

-

S t. T,
PR S WAL YR PR P

..
PN
dhia,

‘a’a‘a s A

L T S N

B8 IGRRARIADE I




tutbulence-excited vibrations by rooftop CONCLUSIONS
acrodynamic flap devices [66, 161] or

tendons [98, 149]. Tendons are thought to The literature since late 1981 has been
provide a more efficient control but may cited and selectively reviewed. Significant
need latger forces than an active TMD advances have been made in analysis and
[149]. Design for optimal control forces model and full-scale testing. Developments
for both systems was illustrated for linear in passive and active control technology
and nonlinear structural behavior. are also noteworthy,

TABLE 1. SOURCES OF INFORMATION

References Journal/Conference Peri ate
1-39 The Shock and Vibration Digest Jan 82 - Dec 84
40-100 J. Wind Engineering and Industrial Aerodynamics Jan 82 - Dec 84
101-135 J. Engineering Structures Oct 81 - Dec 84
136-170 ASCE . Struc. Div./Struc. Engrg. Nov 81 - Dec 84
171-187 ASCE J. Engineering Mechanics Oct 81 - Dec 84
188-193 J. Sound and Vibration Sept 81 - Aug 84
194-196 J. Earthquake Engrg. and Struc. Dynamics Jan 82 - Dec 84
43-53 5th Colloquium on Ind. Aerodynamics | 200) June 82 -9
201(a) - (g) Intl. Conf. on Flow Induced Vibrations [ 201] Sept 82 -
59-94 6th Intl. Conf. on Wind Engineering [ 202] March 83 N
113-135 Conf. on Design Against Wind-Induced Failure [203]  Jan 84
204(a) - (1) 3rd Intl. Conf. on Tall Buildings [204) Dec 84 -ji
B
TABLE 2. REFERENCES ACCORDING TO STRUCTURAL CONFIGURATION :‘\
"4
Structure References R
Y
Isolated Circular Cylinders/Chimneys 4, 15, 16, 19, 22, 23, 31, 35, 42, 54, 35, 75, 76, 92, B
106, 113, 122, 123, 124, 125, 127, 128, 130, 131,
153, 180, 196, 201 B
Arrays of Cylinders 15, 52, 74, 126, 185 R
Non-Cire. Cylinders 26, 32, 49, 50, 58, 61, 62, 192, 193, 201 B
Buildings 6, 7, 8, 13, 21, 28, 29, 37, 46, 47, 48, 53, 59, 60, 61, '-]
63, 64, 65, 66, 68, 72, 86, 90, 93, 94, 98, 101, 102, :
103, 105, 109, 110, 111, 113, 114, 115, 117, 135,
136, 137, 138, 143, 144, 149, 158, 161, 164, 166, -
167, 168, 171, 172, 173, 174, 176, 177, 181, 184, J
187, 195, 201, 204 g
(continued) |
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TABLE 2 (continued)
Bridges 11, 14, 18, 20, 33, 36, 78, 79, 80, 81, 82, 91, 96, 97, 104, 132,
133, 134, 154, 175, 178, 179, 194, 201
Towers and Masts 12, 57, 87, 88, 95, 116, 120, 129, 156, 170
Cooling Towers, Tanks, Shells 56, 67, 73, 77, 107, 118, 142, 148, 182, 186, 190, 191, 204
Transmission Lines/Cables 5, 16, 17, 24, 25, 27, 38, 39, 83, 84, 85, 113, 140, 169, 188, 189
Roofs and Cladding 34,41, 43, 69, 70, 71, 112, 113, 121, 143, 145, 146, 157
Off Shore Structures 9, 10, 89, 160
Inflated/Membrane Structures 44,45, 99, 100

TABLE 3. REFERENCES ACCORDING TO PHENOMENON

Phenomenon References
Nature of Wind 30, 40, 51, 139, 140, 141, 150, 151, 155, 159, 163, 165, 197,
198, 199, 204
Speciai Fluid Mechanisms 17, 65, 74, 131, 143, 147, 152, 180, 185, 201, 204
Vortex Shedding 4, 9, 10, 11, 15, 16, 19, 22, 23, 24, 27, 35, 49, 50, 52, 54, 55, 38,

62, 74, 76, 80, 81, 83, 84, 85, 87, 91, 92, 95, 104, 105, 106, 111,
122, 123, 124, 125, 126, 127, 128, 129, 130, 133, 134, 138, 153,
154, 174, 180, 185, 188, 192, 193, 196

Ovalling Vibrations 73, 190, 191
5 Torsional Vibrations 37, 61, 63, 72, 174, 192, 204
Galloping Vibrations 11, 17, 24, 25, 26, 27, 32, 38, 39, 49, 74, 80, 81, 129, 131, 134,
. 193, 201
5 Flutter 11, 14, 20, 34, 36, 50, 58, 69, 70, 71, 79, 80, 97, 104, 134, 154,
. 192, 194, 201

Divergence, Static Buckling/Strese 44, 45, 67, 100, 107, 112, 121, 142, 157, 182, 204

) Turbulence/Buffet Response 5, 6, 10, 11, 12, 14, 18, 19, 21, 27, 28, 29, 30, 31, 33, 36, 43, 44,
- and Fatigue 45, 48, 53, 56, 59, 62, 63, 65, 66, 68, 72, 77, 78, 81, 82, 87, 88,
- 89, 93, 94, 95, 96, 98, 99, 105, 108, 110, 111, 115, 116, il17,
118, 119, 120, 128, 135, 136, 137, 138, 145, 146, 148, 149, 153,
156, 158, 160, 161, 164, 166, 167, 168, 169, 170, 173, 173, 176,
177, 178, 179, 184, 186, 197, 198, 199, 201, 204

:ﬁ Full Scale Tests 7. 8, 15, 25, 56, 59, 60, 63, 64, 65, 75, 78, 86, 88, 96, 104, 123,
‘ 124, 126, 128, 129, 172, 178, 204

y Alleviation Techniques 9, 13, 15, 27, 35, 37, 42, 46, 47, 57, 66, 75, 81, 84, 86, 90, 95, 98,
. 101, 102, 103, 109, 110, 122, 125, 126, 127, 128, 131, 133, 134,

144, 149, 161, 171, 172, 176, 181, 187, 189, 196, 204
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BOOK REVIEWS

NOISE REDUCTION

L.L. Beranek, Ed.
Robert E. Krieger Pub, Co., Inc.
Melbourne, FL
1980, 752 pages, $45.00

Noise Reduction is a reprint of a book
originally published in 1960 that has become
a classic on the subject. It identifies the
fundamental principles of acoustics and
noise control and thus will continue to be a
valuable refetence source.

The book consists of a series of papers
that read well from one chapter to the
next. Each chapter contains many graphs,
figures, worked examples, and references.
The text is divided into four basic parts.
The first part is concerned with sound
waves and their measurement. The eight
chapters cover sound wave behavior, deci-
bels and levels, types of transducers, and
sound measurement concepts. The reader
soon realizes that some of the material is
outdated, particularly the photographs of
some of the measurement equipment and
use of a reference power of 10-13 watt
with sound power level, There is no dis-
cussion of acoustic intensity measurement

techniques.

Part two covers fundamentals of noise con-
trol. The ten chapters address sound prop-
agation outdoors, sound in small and large
enclosures, acoustic materials (their proper-
ties, architectural uses) and waves in the
structures containing them, reactive and dis-
sipative mufflers, and vibration isolation.

Part three is relatively short due to its
newness at the time of the original print-
ing. The two chapters contain damage-risk
criteria for hearing and criteria for noise
and vibration in building structures and
vehicles. If this book is ever revised, this
part will definitely have to be rewritten and
updated. The teader should consult more
up-to-date texts or published standards from

«
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national and international standards groups
for criteria for noise and vibration control.

Part four spans five chapters that contain
informative examples and case histories of
practical noise control. Examples include
noise contral in ventilation systems and
transportation, machine and shop quieting,
office buildings, and homes. One chapter
also addresses jet noise sources from air-
craft engines and the importance of noise
control measures,

This text is stidl a valuable reference
source and is recommended as such. & is
worthwhile to have this classic text avail-
able as a reprint, Its use in the classroom
is recommended as long as shortcomings on
sound measuring systems and insttumentation
and criteria for noise and vibration control
are realized and supplemented with more
current material,

V.R. Miller
5331 Pathview Drive
Huber Heights, OH 45424

SEISMIC BFFECTS IN PVP COMPONENTS

V.N. Shah and D.C. Ma, Eds.
ASME, New York, NY
PVP-Vol. 88, H00302

1984, 109 pages,

This book contains eight papers that were
presented at the 1984 Pressure Vessel and
Piping Conference and Exhibiton in San
Antonio, TX. The papers are divided into
two groups. The first group consists of the
following:

"Modal Combination in Response Spectrum
Analysis of Piping Systems," A.K. Gupta
and J-W. Jaw

"Equipment Modeling in Piping Dynamic
Analysis," P. Dettoux and L.H. Geraets
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“Structural Damping Results from Vibration
Tests for Straight Piping Sections,” A.G.
Ware and G.L. Thinnes

“Influence of Initial Gap and Ratios of
Mass and Frequency on Component Seismic
Interaction," J. Pop, Jr., A. Al-Dabbagh, M.
Amin, and S.L. Chu

The papers deal with new computational
methods, mathematical models, and vibration
test results that are intended to upgrade
current seismic analytical methods for pip-
ing components in the energy industry,
Improved accuracy and reduced conservation
of approach are the thrusts of the papers.

The first paper presents a modal combina-
tion method that improves the accuracy of
the response specttum analysis of piping
systems. The second paper contains two
analyses that include attached equipment
flexibilities in the response spectrum for a
piping system, The third paper reports on
the tesults of a vibration test program that
provided best-estimate values for structural
damping in nuclear p-wer plant piping sys-
tems. The last paper describes an organ-
ized way to identify critical components for
seismic interaction.

The second group consists of the following:

"Seismic Testing and Analysis for Pool Type
LMFBR Reactor Structures,” S. Yamamota,
H. Kondo, S. Fujimoto, Y. Sasaki, H. Shim-
izu, S. Hattori, A. Sakurai, Y. Mashiko, and
C. Kurihara

e
"Seismic Response Analysis with Liquid-
Sttucture Interaction,” L.P, Harrop and R.G.
Thomas

"Seismic Models for Buried Tanks," A.].
Philippacopoulous, C.]J. Constantiono, and
C.A. Miller

"Seismic Fluid-Sttucture Interaction Analysis
of a Large LMFBR Reactor,” D.C. Ma, J.
Gvildys, and Y. W, Chang

The papers address the general topic of
scismic analysis of liquid-filled structures,
including both above-ground and below
grade structures. The first and last papers
deal with liquid-metal fast-breeder reactor
seismic analysis, The second and third
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papers deal with liquid-filled tanks subjected
to seismic dismrbances. The tanks are
vertical above ground and horizontal be-
low-ground respectively. The latter paper is
sufficiendy general to be a useful docu-
ment for such agencies as the EPA. They
are concerned with seismic disturbances of
waste storage tanks, particulatly under-
ground storage system.

The book is recommended to structural
engineers who deal with seismic distur-
bances of fluid storage structures and piping
systems.

K.E. Hofer

L.]. Broutman and Assoc., Ltd.
3424 S, State St,

Chicago, IL 60616

OPTICAL AND ACOUSTIC WAVES
IN SOLIDS — MODERN TOPICS

M. Borissov, Ed.
World Scientific Pub. Co.,
Distributed by Heyden & Sons, Inc.,
Philadelphia, PA, 1983, 483 pages, $67.00

Acoustic and optical waves have been used
over the years as a scientific measuring
tool. It is only in the past 10 to 15 years
that they have been successfully applied to
solids. Applications include solid state
electronics; transport of displacement waves
(phonons in solids); effects of optical non-
linearities on surface electromagnetic (opti-
cal) waves; measurement of acoustic wave
propagation characteristics and  their
changes as a result of phase transitions in
crystals; and amplification and instability of
surface electromagnetic waves in solids
caused by DC electric current.

These topics and many others were part of
the second biennial meeting of the Interna-
tional School on Condensed Matter Physics
(USCMP) held 23 September -1 October
1982, in Vatna, Bulgaria. This school is
sponsored by the Institute of Solid State
Physics of the Bulgarian Academy of Sci-
ences. The subject of the 1982 meeting
was optical and acoustic waves in salids --
modern topics. The agenda was put togeth-
er by an international council consisting of
scientists from Bulgaria, Federal Republic

AR B ek 2l Sl et 3

PO
P

wy

4

BT ,A
oo ala e o gy

LI

i L i

n:.:‘:‘_‘;‘ _l - " '.. '1' .l. VPV S SR

ISP S

AL T A

NEMRAL DA




At aN v,

of Germany, German Democratic Republic,
the United States of America, and the So-
viet Union. Lectures and poster sessions
were used to organize and present the
m aterial.

The lectures are the basis of the book.
The first lecture deals with solid state
physics and the reasons it is now the accel-
erator of advances in microelectronics,
The phenomenon and theoty of self-induced
transparency were covered in the second
lecture. Electromagnetic waves on surfaces
and in glasses are subjects of the third,
eighth, and tenth lectures. The fourth lec-
tuze is an overview of the transport of
nonequilibrium phonons. The acoustical
study of phase transitions in crystals and
problems caused by them are covered in
lecture five. Lecture six describes salu-
tions of nonlinear systems and develops
exact methods that do not use linearization
and perturbation procedures. Ultrasonic and
Brillovin techniques ate shown in lecture
seven to be complementary when phase
transitions in certain ferroelectric insulators
are studied. Lecture eight discusses the
chaotic motion that simple dynamical sys-
tems demonstrate under certain conditions.
The subject of lecture eleven is second
order magneto-optical effects. The twelfth
lecture is concerned with experimental
problems in optics with inhomogeneities.
The last lecture describes optical wave
modulation in crystals and contains sugges-
tions for procedures for its study.

Work in this area is relatively new; many
discoveries remain to be made. Enough
new research will be performed in the next
few years to assure another conference.

V.R. Miller
5331 Pathview Drive
Huber Heights, OH 45424

RANDOM VIBRATIONS OF
BLASTIC SYSTEMS

V.V. Bolotin
Martinus Nijhoff Publishers
The Hague, The Netherlands

1984, 468 pages

This book is a compilation of Bolotin's work
on tandom vibrations and reliability theory

of elastic structural eclements. It contains
both theoretical and experimertal aspects of
random vibrations. The author addresses
such advanced topics as random forced
vibrations of nonlinear systems and pat-
ametric stochastic stability of linear sys-
tems. The style of the book and notations
are somewhat different from those used in
the West. The eight chapters deal with
random processes, random vibrations of
time invariant and time variant linear sys-
tems, random vibrations of nonlinear sys-
tems, reliability theory, and vibration
measurements,

Chapter 1 describes sources and statistical
functions of random processes and random
fields, The tensor product is used to ex-
press joint statistical functions. The author
identifies quasi-stationary processes as those
that have sufficiendy slow varying probabi-
listic characteristics.

Methods for determining probabilistic char-
acteristics of the response of linear discrete
and continuous systems are introduced in
Chapters 2 and 3. For linear discrete sys-
tems the methods are classified in three
groups. The first includes moment func-
tions, Green functions (or unit impulse re-
sponse), and spectral representation. The
second group is based on Markov processes

and includes Fokker-Planck-Kolmogorov
equations and Ito stochastic differential
equations. The thitrd group includes nu-

merical statistical simulations of stochastic
processes and random fields such as Monte-
Carlo simulation., For linear contimuous
systems the joint spectral density functions
of the generalized coordinates of responses
are established for stationary external exci-
tations. Random response properties and
approximate methods of analysis for linear
viscoelastic systems, plates in a field of
random pressure, and shells containing
compressible fluid are examined in Chapter
3.

Application of the generalized coordinates
method requires summation of contributions
of all modes responding to a random load-
ing. The asymptotic behavior of high natu-
ral frequencies and corresponding modes is
treated in Chapter 4. The method assumes
self-adjoint boundary value problem with
quasi-separable variables. It also requires
that the boundary effect does not degener-
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ate. In other words, the boundary condi-
tions should not strongly influence the
behavior of the eigenfunctions in the inner
region of the elastic continuum. Unique-
ness of the solution is achieved via a
matching operation that is not rigorously
justified. It is also suggested that the solu-
tion for the inner region of the system and
solutions for ecach boundary should be con-
sidered separately. The method is applied
to systems described by partial differential
equations with constant coefficients. The
theory of distribution of natural frequencies
and asymptotic approximation is used as a
basis for formulation of a method of inte-
gral estimates for the analysis of wide-band
random vibration. Results of a number of
examples are compared with those obtained
by the canonical integral representation.

Chapter 5 deals with parametrically excited
random vibrations that are caused by a
random vibration in system parameters.
The main features of deterministic paramet-
ric stability are based on an earlier book
by Bolotin. The chapter is confined to sto-
chastic parametric stability in terms of
moment functions. The method of moment
functions is treated for three situations.
The first deals with consistent moment dif-
ferential equations. The second treats
moment differential equations that are
coupled to lower order moments. The third
case constitutes moment differential equa-
tions that are coupled to higher order
moments and form an infinite hierarchy
set. With regard to the third case a num-
ber of closure schemes, including cumulant-
neglect, are introduced. This reviewer has
noticed that there is a typographical error
in the closed moment relation (5.64) and it
should read

5 10
Mikem = Z Mo, apa508 Mas ~ 22 Moy aza; Mag Mag
10 15
+6 X ma,azmagma4mas -2z ma,azma3a4ma5
10
+X ma.azagmouas - 24ma,ma2ma3ma4mas
38

The stability boundaries of systems with one
and two degrees of freedom are obtained
numerically and compared with analog com-
puter simulation. The random tesponse of
nonlinear systems with constant coefficients
is treated in Chapter 6. The perwrbation
method, the Fakker-Planck-Kolmogorov
equation approach, stochastic averaging, and
the method of equivalent linearization are
described and demonstrated with single de-
gree of freedom systems. The author ex-
amined the method of moment functions and
the resulting infinite coupling. The analysis
is restricted to closure at the level of sec-
ond order moments. Higher otder approxi-
mations are briefly introduced. The
analysis is extended to include random vi-
brations of nonlinear continuous systems,
Equation (6.70) contains a typographical er-
ror in one of the last two terms on the
left-hand side.

A topic related to random vibration is the
reliabilty of mechanical systems under ran-
dom loading. Chapter 7 deals with the re-
liability theory of mechanical systems and
the basic tools for protecting such systems
from vibration effects. The chapter begins
with the concept of failure and its relation-
ship to the reliability function, which is
defined as the probability of failure-free
operation within a certain time interval,
Stochastic models of failure include ele-
mentary models, Markov models, Poisson's
model, and cumulative models. The trelia-
bility theory provides some ditection for
protecting mechanical systems from vibra-
tion effects. In this regard, the engineer
can use optimization of system parameters
and their characteristics, mean square and
minimum variance criteria, and vibration
isolation. He must also understand phenom-
enological models of damage, or cumulative
damage. These models are based on the
concept of a numerical characteristic that
measures the degree of damage. The au-
thor introduces some aspects of estimating
the longevity of mechanical elements sub-
jected to random vibrations.

The last chapter contains an outline of the
principles of planning experimental meas-
urements of random vibration fields. The
selection of transducers and their optimal
location on tested structures are discussed.
In principle, the minimum number of sen-
sors required in a certain experiment is
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equivalent to the number of terms in the able contribution to structural dynamicists

random field series. The author provides and researchers,

an excellent treatment for the analysis of

errors encountered in measurements due to R.A. Ibrahim

the presence of sensors and the methods of Texas Tech University

correcting these errors. Department of Mechanical Engineering

Lubbock, TX 79409

This book covers a wide range of topics in
the area of random vibration. It is a valu-
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STANDARDS NEWS

Avrll Brenig, Standards Manager

ASA Standards Secretariat, Acoustical Society of America
335 East 45 Street, New York, New York 10017

William A. Yost

Parmly Hearing Institute, Loyola University of Chicago, 6525 North Sheridan Road, Chicago, lliinois 60626

American National Standards (ANS/ Standards) in the areas of physical acoustics, bioacoustics, me-
chanical shock and vibration, and noise are published by the Acoustical Society of America (ASA). In addition to
these standards, other Acoustical Society standards, a Catalog of Acoustical Standards—ASA Catalog 5-1984,
and an Index to Noise Standards-ASA STDS Index 3-1985 (national and international) are available from the
Standards Secretariat of the Acoustical Society. To obtain & current list of standards available from the Acoustical
Society, write to Avril Brenig, at the above address. Telephone number: (212) 661-9404.

Calendar

The Fall meetings of the ASA standards committees are scheduled for
Nashville, Tennessee, November 4-8, 1985,

1985 November 4, ASA Committee on Standards, 7:30 p.m., the Hyatt
Regency, Nashville, Tennessee. Meeting of the Committee that directs the
ASA Standards Program.

1985 November 6, Accredited Standards Committee S2 on Mechanical
Shock and Vibration (also Technical Advisory Group for ISO/TC/108 and
IEC/SC/50A), 2:00 p.m., the Hyatt Regency, Nashville, Tennesse. Review
of international and S2 activities and planning for future meetings.

1985 November 7, Accredited Standards Committee S12 on Noise (also
Technical Advisory Group for ISO/TC43/SC1), 9:30 a.m., the Hyatt Re-
gency, Nashville, Tennesse. Review of international and S12 activities and
planning for future meetings.

1985 November 7, Accredited Standards Committees S1 (Acoustics)
and S3 {Bioacoustics) (also Technical Advisory Group for ISO/TC/43,
IEC/TC/29, and ISO/TC108/SC4) at 1:30 p.m. at the Hyatt Regency,
Nashville, Tennesse. The S1 meeting will be held first. Review of S1, 83, and
international standards activities and planning for future meetings.

Standards News from the United States

The following news items have been received since the last issue of
Standards News.

National Bureau of Standards 1986 Budget Request

A total of $120.0 million is included for the Commerce Department’s
National Bureau of Standards (NBS) in the fiscal year 1986 budget proposal
sent to Congress today by President Reagan.

The budget request is $4.0 million less than the bureau’s fiscal year
1985 appropriation of $124.0 million. Included are program increases total-
ing $16.4 million and cost-of-living and other built-in changes of $4.9 mil-
lion. The request also includes proposed program reductions of $16.5 mil-
lion and decreases of $8.8 million, attributable to the President’s Deficit
Reduction Program.

According to NBS Director Ernest Ambler, *“This proposed budget is
the result of the administration's careful evaluation of the bureau’s pro-
grams and priorities. It reflects the minimum resources we need to continue
serving industry, government, and academia.

“The U.S. economy is increasingly dependent on industry’s ability to
advance and exploit science and technology, and it is NBS' responsibility to
lay the measurement foundation that is needed to get this job done. There-
fore, we have proposed increases for the most critical areas of research while
also proposing decreases in view of overall fiscal constraints. We need to
move shead.”

Shieiding effectivness of buildings

Electrical engineers and others concerned with the effectiveness of
buildings in shiclding their interiors from electromagnetic (EM) radiation
will be interested in a new publication from NBS. Building Penetration
Project (NBSIR 84-3009) documents a computer program which calculates
building attenuation of EM radiation over the frequency range 10kHz to 10
GHz. Attenuation is computed from building shape, dimensions, room lay-
out, and the electrical properties of the construction materials; no electro-
magnetic measurements are required. Although performed for the U.S.
Army, the work is applicable to almost any situation where it is desirable to
estimate the extent of penetration of EM radiation into a multiroom, one-
story building. The 310-page publication, which includes listings of com-
puter programs, is available for $25 prepaid from the National Technical
Information Service, Springfield, VA 22161. Order by PB #85-126001.

ANSI receives “C" Flag at White House Ceremony

The American National Standards Institute was awarded a “‘C" Flag
by President Ronald Reagan at a White House ceremony on 10 December.
It was accepted by ANSI President Donald L. Peyton. Presentation of the
flags is part of the President’s Citation Program for Private Sector Initia-
tives, which recognizes and encourages outstanding contributions to society
through voluntary programs.

In a letter to Mr. Peyton, President Reagan said, “Thanks to your
efforts, our nation is making better use of our abundant resources, and
finding creative solutions to problems of human needs in our communi-
ties.... Your organization is one of the first in the nation to receive the 'C’
Flag. We hope you will proudly fly this symbol of private sector initiative
that tells one and all, *‘We can. We care.' May this token of our appreciation
inspire others to join you in your noble and public-spirited efforts.”

Corporations and voluntary organizations received the flag at the 10
December ceremony. 1t pays tribute, the White House states, to all the
businesses and associations “that are displaying the truly American spirit of
vol ism and cc ity action.”

The citation program consists of two levels of recognition. The “C"
flag is one. The other is a presentation of presidental citations and awards.
In October, ANSI received a Private Sector Initiative Commendation from
President Reagan. It recognizes the Institute for its national voluntary stan-
dards and certification program and its service as a clearinghouse for na-
tionally coordinated voluntary safety, engineering, and industrial stan-
dards.

The President’s Citation Program was created to encourage growth in
voluntary service programs of businesses, trade associations, and profes-
sional societies by saluting outstanding contributions that are already being
made. The White House states that it is the first of its awards programs to
recognize corporate social responsibility, public-private partnerships, cor-
porate philanthropy, and privatization programs. It was developed by the
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President’s Advisory Council on Private Sector Initiatives in conjunction
with the White House Office of Private Sector Initiatives. It is voluntarily
administered by the American Society of Association Executives with the
cooperation of the White House and several private sector organizations.

Eldred elected new ExSC officer

ANSI's Executive Standards Counci! has clected Kenneth Eldred
chairman and Richard A. Hudnut vice-chairman. Both men began serving
one-year terms on 1 January 1985.

Mr. Eldred is president of Kenneth Eldred Engineering. He has been
vice-chairman of the ExSC since 1982 and an ANSI director since 1983. An
expert on jet and community noise, Mr. Eldred has published numerous
articles on these subjects based on his widely recognized research. He is past
president of the Institute of Noise Control Engineering, a Fellow of the
Acoustical Society of America, and a member of the National Academy of
Engineering, the Institute of Environmental Sciences, and the Society of
Automotive Engineers.

The Executive Standards Council supervises one of the Institute’s ma-
jo‘ functions—coc -dination of the voluntary development of national stan-
dards and of U.S. participation in international standards activities.

ASTM Committee plans standards for quieter offices

Philadelphia, PA—The circulation of air is crucial to an office environ-
ment, yet, a noisy air conditioner can create quite a disturbance to the
employees within.

This is one concern of ASTM Committee E-33 on Environmental
Acoustics, a group involved in writing standards to aid in the design of quiet
offices.

At the 15-17 October 1984 meetings of E-33 in Norfolk, Virginia, a
new task group was formed on Ceiling Insertion Loss Measurements. The
group will examine ways to measure how well the noise from an air condi-
tioning unit directly above a suspended ceiling can be isolated from the
space below.

According to the Task Group Chairman, Dr. A. C. C.Warnock, indus-
try input 1s needed to develop a test method, “particularly from architects,
mechanical engineers, real estate, and other commercial interests.”

To participate on this E-33 task group, or to receive more information,
contact Dr. A. C. C. Warnock, National Research Council of Canada, Divi-
sion of Building Research, Montreal Road, Ottawa, Ontario, Canada,
tel.((613) 933-2305.

Other E-33 areas seeking industry participation

The E-33 Task group on Two-Room Method has prepared a draft
method to measure the sound insulation between two rooms sharing a com-
mon ceiling and plenum. Laboratories wishing to participate in round robin
testing should contact Task Group Chairman Dr. Mark A. Lang, Owens-
Coming Fiberglas Corporation, P.O. Box 415, Granville, OH 43023,
tel.:(614) 587-8138.

Cc ts and recc dations are sought from users for possible
revisions to recommended Practice E 497 for Installation of Fixed Parti-
tions of Light Frame Type for the Purpose of Conserving Their Sound
Insulation Efficiency, and Practice E 557 for Architectural Application and
Installation of Operable Partitions.

The Task Group on Airflow Resistance is organizing a round robin test
series to provide data on the precision of Test Method C 522 for Airflow
Resistance of Acoustical Materials. Laboratories may contact Keith W.
Walker, U.S. Gypsum Company, P.O. Box 460, Round Lake, IL 60073,
tel.: (312)546-8288.

The next meeting of Committee E-33 will be in Pittsburgh, Pennsylva-
nia on 22-24 April 1985. More information on E-33 committee activities is
available from David R. Bradley, ASTM, 1916 Race Street, Philadelphia,
PA 19103, tel.:(214)299-5504.

SVIC editoriai on criteria and standards

Any person performing a test on new or old equipment recognizes the
need for critenia, guideli and standards. A ber, waveform, or spec-
trum alone means little when assessing the quality of equipment. Standards
provide the mechanism for the use of techniques and methods in acquiring
and processing data in a common manner. They establish the process that
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permits data taken by different investigators to be compared. It is an essen-
tial step in forming criteria and levels so desperately needed in the vibration
field. [ feel that the development of acceptable levels of vibration for equip-
ment is one of immediate challenges of the vibration field.

Even though millions of vibration measurements are being made every
year, acceptable levels of vibration are available for only general classes of
equipment and special types of excitation. In the case of rotating machinery,
vibration levels are available for general equipment for once-per-revolution
frequency vibrations. These numbers provide guidefines for engineers but
are not useful in assessing the severity of critical vibration problems. The
data needed 1o develop detailed vibration criteria are being gathered. Unfor-
tunately they are used only for the immediate task at hand.

The major reason data are not retained in a useful form is cost. Up to
this time it was too costly to record and transmit data to a data bank. The
advent of the microprocessor based devices has changed this situation. If
data are taken according to standard guidelines it appears that they could be
transmitted to a data bank with little extra cost to the plant. These data
could be merged with those taken in other plants to provide the large sample
needed to develop acceptable vibration levels for specific equipment. All
engineers in the present and future would benefit from such a program—
similar to that sponsored by the U.S. Navy to develop balancing levels.

While the aforementioned type program has yet to be established on an
ongoing basis, there are many organizations including American National
Standards Institute involved in the development of standards. Many trade
associations and societies such as the American Petroleum Institute and the
Society of Automotive Engineers are heavily involved in this work. Those
interested in the future of standards and criteria contact one of the organiza-
tions and spend some effort on this important work.

Standards News from Abroad

The following news items gave been received since the last issue of
Standards News.

Characteristics of electrical input circuits for hearing alds subject
of IEC Worid Standard

The problem of hearing disabilities is one of international concern to
specialists—a concern that has led to a new IEC standard.

The personal hearing aid, normally worn by most hearing impaired
people usually has either an acoustic input through a microphone, or an
electromagnetic input, through an induction pick-up coil.

However there is a need, for example, for educational purposes, for an
electrical connection between the hearing aid and the electrical output of a
signal source, such as a radio, record player, tape recorder, infrared system,
or external microphone.

The required characteristics for such an input are given in this stan-
dard, Publication 118-6: Hearing aids. Part 6: Characteristics of electrical
input circuits for hearing aids. The standard specifies the electrical, mark-
ing and safety characteristics of a circuit for an external electrical input toa
personal hearing aid in order to ensure compatibility with external electrical
or electro-acoustic signal sources.

This standard does not cover the interconnection of the parts of a cros
{controlateral routing of signals) or bi-cros hearing aid, when designated asa
complete system.

1S0 Bulietin features acoustics

The February issue of the ISO Bulletin has a six-page lead article on
acoustics. The article provides an introductory review of many areas of
acoustics, especially those that pertain to standards. The article could make
a nice handout for describing acoustics to nonscience audiences.

Standards approved and published by ANSI

The following standards were approved and published by ASA:
ANSI/ASC S1.6-1984 “Preferred Frequencies, Frequency Lev-
els, and Band Numbers for Acoustical
Measurement™ (revision and redesigna-
tion of ANSI S1.6-1967)
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ANSI/ASC S1.40-1984 “Specifications for Acoustical Calibra-
tors™

“Experimental Determination of Rota-
tional Mobility Properties and the Com-
plete Mobility Matrix, Guide to”
“Real-Ear Attenuation of Hearing Pro-
tectors, Method for the Measurement of
the” (revision and redesignation of ANSI
$3.19-1974)

Mechanical Vibration of Rotating Ma-
chinery—Requirements for Instruments
for Measuring Vibration Severity

ASA STDS INDEX 3-1985  Index to Noise Standards, 3rd edition

ANSI/ASC §2.34-1984

ANSI/ASC $12.6-1984

ANSI/ASC §2.40-1984

internationat documents on acoustics recelved in
the United States

The documents listed below have been received by the Standards Sec-
retariat of the Society and have been announced to S1, S2, 83, or S12. The
document number is listed to the left of each document and the Accredited
Standards Committee to which the document was announced is listed in
parentheses below the document number. Further information on each doc-
ument can be obtained from the Standards Secretariat.

The following documents have been received from ISO for vote and
comment:

ISO/DIS 7626/1 Vibration and shock-—Experimental deter-
(S2) mination of mechanical mobility—Part 1: Basic
definitions and transducers

ISO/DIS 5438.2 Mechanical vibration and shock—Mechanical

(82) mounting of accelerometers

1SO/389 DAD 2 Acoustics—Standard reference zero for the

(S3) calibration of pure tone air conduction
audiometers

1SO/DIS 71962 Vibration and shock—Mechanical transmis-

(S3) sibility of the human body

The following documents have been received from IEC for comment:

IEC/SC 29C (Secretariat) 52 Audiometers, Part 1: Pure tone
(S3) audiometers (revision of IEC 645)

$1 meets in Minneapolis

At the S1 meeting held on 11 October 1984 and chaired by T. F. W.
Embleton, the following reports were presented:

$1-1 Standard Microphones and their Calibration— V. Nedzelnitsky, Chair
The working group met on Tuesday, 9 October at which time the fifth
draft revision of $1.12-1967 incorporating comments received at and subse-
quent to the Norfolk meeting was distributed.
A fina) draft is expected to be ready for balloting shortly.

S1-2 Attenuation of Sound in the Atmosphere—A. M. Marsh, Chair

Working Group $1-2 met Tuesday morning, 9 October 1984. Measure-
ments of aircraft noise were examined at the Boeing Company and the
Douglas Aircraft Company to evaluate the effect of proposed changes to the
equations in ANSI $1.26 as well as the method of SAE ARP 866A. Initial
results indicated that the proposed revisions to the equations of S1.26 pro-
vided better agreement between adjusted 1/3-octave-band sound pressure
levels than the equations in the 1978 edition of S.126 or SAE ARP 866A.

Lou Sutherland presented interim results of an alternative analysis of
nitrogen and oxygen relaxation effects. The results indicated support for the
proposed revisions to the equations in S1.26-1978 except at high concentra-
tions of water vapor where water molecules may be present as dimers rather
than monomers as had been assumed in all previous analyses and experi-
ments.

Working Group 24 of ISO TC43, Subcommittee 1, is chaired by Joe
Piercy and met in Copenhagen on 21-23 May 1984. WG24 is developing an
ISO Standard on Sound Propagation Outdoors and agreed to utilize the
method in a revised ANSI $1.26-1978 to specify atmospheric absorption as
part of an overall Standard that includes the effects of shielding, atmospher-
ic turbulence, and ground effects.

S1-3 Integrating and Averaging Sound Level Meters—A. H. Marsh, Chair

Working Group did not meet during the 1984 October ASA meeting in
Minneapolis; instead a meeting will be held in December at INTER-NOISE
84. A rough ninth draft of an ANSI Standard was produced in 1984 August
and circulated to the Working Group. A revised version will be discussed at
the 1984 December meeting.

S1-4 Measurement of Sound Pressure Levels in Air—O. H. McDaniel, Jr.,
Chair

Working group members are reviewing various standard measurement
procedures adopted by eight U.S. States, as well as several SAE standards
and procedures developed by OSHA.

$1-8 Band Filter Sets—L. W. Sepmeyer, Chair

A draft revision of S1.11-1966 (R 1976} was circulated to S1 for ballot
on 16 April 1984. The ballot closed on 16 June 1984,

Comments and a few negative votes on the draft of proposal revision of
S1.11 have led to a better approach to achieving a descriptor of digital filter
response to sloping spectra. A new draft should be ready for re-submittal to
S1 before the end of 1984.

$1-6 Reference Sound Source Calibration-~D. R. Flynn, Chair
This document, the national counterpart of ISO/DIS 6926, was sub-
mitted to S12 for ballot. This working group will now be disbanded.

S1-7 Personal Dosimeters—J. J. Earshen, Chair

The second draft of the amended standard (S1.25-1978} scheduled to be
circulated for ballot during the summer has been delayed for further revi-
sion and inclusions. These include: (a) an appendix containing recommend-
ed procedures for investigating response of dosimeters to electromagnetic
and radio frequency interference. (This was prompted by a letter of recom-
mendation from the OSHA calibration laboratories in Cincinnati, Ohio.) (b)
Several members of the working group strongly urged that pulse range
testing be done with waveforms having two frequency components. (c}
Modification of the qualification test for thresholding circuits was also
urged by members of the working group.

The issues are being addressed in a third revised draft which will be
submitted for ballot prior to the spring meeting of ASA.

S1-8 Acoustical and Electroacoustical Vocabulary—S. L. Yaniv, Chair

Ms. Yaniv reported prior to the meeting, that she hoped to prepare a
draft shortly. This draft will be circulated to the chairs of the respective
terminology working groups in S1, 83, and $12 for their review prior to
ballot, which was expected before the next meeting.

S1-9 Calibration of Underwater Electroacoustic Transducers—A4. L. Van
Buren, Chair

This working group is charged with revision of §1.20-1972 (R 1977)
Procedures for Calibration of Underwater Electroacoustic Transducers. It
is planned to complete the draft of $1.20-1972 (R 1977) by the end of 1984.

S1-10 Scales and Ratios for Plotting—R. W. Young, Chair

The amended IEC Publication 263, 3rd Edition, Scales and Sizes for
Plotting Frequency Characteristics and Polar Diagrams, IEC 263-1982, is
now available from ANSI. Mr. Young stated at previous meetings that he
intended to draft a similar, but expanded, American Nationa) Standard for
ballot in S1.

S1-11 Phase Response of Transducers—V. Nedzelnitsky, Chair

The members continue to gather information on methods for deter-
mining the phase responses of microphones in order to prepare a tutorial
journal paper on the subject. It may also prove feasible to produce a paper of
standard on relative phase response of microphone systems at low frequen-
cies if a sufficient combination of existing data and data from experiments
conducted in the near future can be obtained. A short paper on needs and
possibilities for standardization that was requested of the chairman for pre-
sentation at Inter-Noise 84 has been written and was distributed at this
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meeting. It is hoped that this paper will serve as a focus for subsequent
discussion and comment in the future activities of the W.G.

S1-12 Specifications for and Calibration of Instruments to Measure Acous-
tic Intensity—A. F. Seybert, and W. R. Thornton, Co-Chairs

This working group met in Pittsburgh, PA in August 1984. An outline
of a draft has been completed by the working group and the first draft is
being prepared.

Work Items without Working Groups

(a) General Weighting Network (S1.42-198X): Mr. Flynn was assigned
to prepare a draft of a standard (S1.42-198X) giving the amplitude response
of A-, B-, C-, D-, and E-weighting networks. Considerable sentiment had
been expressed for incorporating phase response and time-domain response
in the proposed standard. A draft standard is expected shortly and a new
working group {S1-13) assigned to this activity. At the meeting, there was
discussion and general agreement that the document being prepared by Mr.
Flynn should contain only weighting networks A, B, and C. and specifically
should not include the D- and E-weighting networks.

(b) Proposed revision of S1.8-1969 (R 1976) Preferred Reference Quan-
tities for Acoustical Levels: Mr. Embleton will be circulating a draft revision
of S$1.8 for ballot shortly. (It will use the traditional $1.8 reference values,
noting that some are not exact S.1. units and that the proposed standard
therefore differs from otherwise similar 1SO standards.}

(c) Amendment: Specification for Sound Level Meters ANSI S1.4-1983:
At the last meeting an amendment to S1.4-1983, which was prepared by Mr.
Wong, was proposed for circulation to S1 ballot. The amendment was not
considered imcompatible with S1.4 and the Standards Manager was in-
structed to investigate the appropriate procedure within ANSI to consider
and vote on an amendment to a standard. A ballot was subsequently mailed
to S1 on 10 August 1984 and closed on 21 September 1984.

Reports on Internstional Activities

International Electrotechnical Commission (IEC) IEC/TC 29 Electro-
acoustics and IEC/SC 29C Messwring Devices— V. Nedzelnitsky, Techni-
cal Advisor

The following document was received for VOTE under the six months’
rule by the U.S. Member Body: JEC/TC 29 (Central Office) 139 (No. of
document corrected by IEC to138) Draft—IEC Report 118-110: Guide to
Hearing Aid Standards and d to S3 {S3/204) on 13 July 1984. Mr.
Preves coordinated the and recom: dations for vote, which
was affirmative, conditional on the recommended changes, and submitted
to ANSI on 23 August 1984.

The U.S. position was transmitted to IEC on 18 September 1984.

1EC/SC 29D Ultrasonics—P. D. Edmonds

Document 29D (Central Office) 24, Report on Investigations on Test
Procedures for Ultrasonic Cleaners, has been received for formal approval.
This document is identical to the draft that was received earlier and found
acceptable. There is no discernible U.S. interest in this document, which is
informative only. Formal U.S. approval will be recommended.

The Chairman of the USNC-IEC Safety Coordinating Committee has
considered AIUM/NEMA Safety Standard for Diagnostic Ultrasound
Equipment and found it suitable for submission to an SC29D working
group as a working document for conversion into an [EC Standard. The
Secretary of TC29 has issued a questionnaire 29D(Sec)24 seeking advice on
formation of a new working group to handle this document.

$2 meets in Minneapolis

Paul H. Macedel, Jr., Chairman, has submitted the following report on
the S2 Committee on Mechanical Vibration and Shock. The committee met
in Minneapolis, Minnesota during the Fall meeting of the Acoustical So-
ciety in October 1984.

Chairman of the working groups reported on their progress on both
national and international standards as follows:

J. Acoust. Soc. Am. 77(5), May 1885;
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$3-39(S2): Human Exposure to Mechanical Vibration and Shock—H. E.
Von Gierke, Chairman

Resolutions of the SC4 mecting held in Edinburgh in September are
available from the standards Secretariat.

Mr. Bruce Douglas coordinated the U.S. response on ISO/DP 8041;
*Third Draft Proposal for Human Response Vibration Measuring Instru-
mentation.” A conditionally negative vote, with comments to follow, was
recommended by the Technical Advisor on 6 August 1984.

ISO/DP 8727-1SO/TC 108/SC4 N150, “First Draft Proposals on
Standard Biodynamic Coordinate Systems” was announced to $3 and S2 on
1 August 1984. J. C. Guignard coordinated comments on this document. A
recommendation for a negative vote, with comments, was submitted to
ANSI on 15 October 1984.

$2-63 Vibration and Shock Isolators—S. Rubin, Chairman
Mr. Rubin is preparing to revise $2.8-1972, “Guide for Describing the
Characteristics of Resilient Mounts" (corresponding to ISO 2017-1972).

S$2-68 Balancing Technology—D. C. Stadelbauer, Chairman (counterpart
to ISO/TC 108/5C1)

Mr. Stadefbauer announced the following:

(1) 82.43, “Criteria for Evaluating Flexible Rotor Unbalance {counter-
part to ISO 5343-1983) was published in 1984.

(2) 1SO/DIS 2953, “Balancing Machines—Description and Evalua-
tion" was voted affirmative with comments.

(3} The short term revision of ISO 1940-1973, “Balance Quality of
Rotating Rigid Bodies™ was approved at the Berlin meeting in September.

(4) During the March 1982 meeting of IEC/TC2 in Zurich, Switzer-
land, joint discussions with ISO were proposed concerning the use of full or
half key in rotor shafts during balancing. Subsequently, a joint meeting
between ISO/TC 108/SCZ/WG1 and IEC/TC2/WG6 was held on 28 Sep-
tember 1983 in Solna, Sweden. The take of writing a standard on rotor shaft
keys was assigned to ISO/TC 108/SC). S2-65—prepared an initial draft
recommending the half key convention for balancing and submitted it to
ISO/TC 108/SCI the Berlin meeting.

$2-66 Methods for Analyzing and Presenting Vibration and Shock Data—
J. C. Barton, Chairman

Mr. Barton has submitted the following report for $2-66 and $2-67:

{1) The U.S. voted approval on ISO/TC 108/SC 2 N67—First Draft
Proposal 1SO/DP 8608 for ““Mechanical Vibration—Road Surface Pro-
files—Reporting Mcasured Data.” It will be submitted for publication as a
Draft International Standard (DIS).

(2] The ISO Working Group {counterpart of $2-67} voted to submit a
revised draft of ISO/TC 108/SC2/WG4 N638—**Mechanical Vibration—
Rail Track Geometry—Reporting Measured Data.™ for international vote
and comment as a first draft proposal.

{3) Work is continuing on drafts dealing with vibration performance of
seating (U.S.).

(4) Pending the voting on a proposed new 1SO work item, the Working
Group (counterpart of $2-67) will start work on a document dealing with the
measurement and analysis of vibration imposed on the passengers and crew
of railway vehicles.

S$2-67 Measurement and evaluation of Vibration and Shock in Land Vehi-
eles—J. C. Barton, Chairman [counterpart to ISO/TC 108/SC/WG4)
The international working group met in Edinburgh in September