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WHAT DO THOSE TECHNICAL TERMS MEAN?

INTRODUCTION

An important aspect of dealing with community seismic safety involves
making sure that everyone "speaks the same language.” If the community
at large is to gain any real understanding of complex seismic issues,
all of the persons involved in seismic safety activities need to under-
stand and use the commonly accepted definitions for important terms.

GENERAL TERMS

The following definitions are from a (1584 U. 5. Geclogical Survey
Open-File Report (84-762), A Workshop on "Earthquake Hazards in _the
Virgin lIstands Regicn", {Reston, Virginia: USGS):

Acceptable Risk -~ a probability of social or economic conse-
guences due to earthquakes that is Tow enocugh (for exampie in
comparison with other natural or manmade risks) to be judged
by appreopriate authorities to represent a realistic basis for
determining design requirements for engineered structures, or
for takina certain social or economic actions.

Damage - any economic loss or destruction caused by earth-
quakes.

Design Earthquake -~ a specification of the seismic ground
motion at a site; used for the earthquake-resistant design of
a structure.

Design Event, Design Seismic Fvent — a specification of one or
more earthquake source parameters, and of the location of
snergy release with respect to the site of interest; used for
the earthguake-resistant design of a structure.

Earthquake - a sudden motion or vibration in the earth caused
by the sbrupt release of energy in the earth’s |ithosphere.
The wave motion may range from violent at some locations to
imperceptiblie at others.

Elements at Risk - population, properties, economic activities,
including public services etc., at risk in a given area.

Exceedence Probability - the probability that a specified
level of ground motion or specified social or economic conse-
quences of earthguakes, will be exceeded at the site or in a
region during a specified exposure time.
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Exposure ~ the potential economic loss to all or certain subset
of structures as a result of one or more earthquakes in an
area. This term usually refers to the insured value of struc-
tures carried by one or more insurers. See "Value at Risk."

Intensity - a qualitative or guantitative measure of the seve-
rity of seismic ground motion at a specific site (e.g9., Modi-
fied Mercalli intensity, Rossi-Forel intensity, Housner Spec-
tral intensity, Arias intensity, peak acceleration, etc.).

Loss - any adverse economic or social consequence caused by
one or more earthquakes,

Seismic Event - the abrupt release of energy in the earth’s
lithosphers, causing an earthquake.

Seismic Hazard - any physical phenomenon (e.g., ground shaking,
ground failure) associated with an earthguake that may produce
adverse effects on human activities,

Seismic Risk - the probability that social or economic conse-
guences of earthquakes will gqual or exceed specified values
at a site, at several sites, or in an area, during a specified
gxposure time.

Seismic 7one - a generally large area within which seismic-
design reguirements for structures are constant.

Value at Risk ~ the potential economic loss {whether insured
or not) to all or certain subset of structures as a result of
one or more earthquakes in an ares. See "Exposure.®

Yulnerability - the degree of loss to a given element at risk,
or set of such elements, resulting from an earthquake of a
given magnitude or intensity, which is usually expressed on a
scale from 0 (no damage) to 10 (total loss).

The following excerpt from the 1983 National Research Council report,
Multiple Hazard Mitigation (Washington, D.C.: MNaticonal Academy Press).
defines several other terms that sometimes cause confusion in discussions
of seismic safety:

. The level of intensity or severity that is capable of
causing damage depends upon the vulnerability of the exposed
community; wvulnerability is generally a function of the way
in which structures are designed, built, and protected, and
the vulnerability of a structure or community to a particular
natural event is a measure of the damage 1ikely to be sustained
should the event occur. The degree to which a8 community is
prone to a particular natural hazard depends on risk, exposure,
and vuinerability. When a natural hazard occurrence signifi-
cantly exceeds the community’s capacity to cope with it, or
causes a large number of deaths and injuries or significant
economic loss, it is caliled a disaster.




Hazard management incliudes the full range of organized actions
undertaken by public and private organizations in anticipation
of and in response to hazards. Hazard management has two
primary (but not completeiy distinct) components: emergency
management. typified by the police, fire, rescue, and welfare
work carried on during a disaster; the advance planning and
training that are necessary if emergency operations are to be
carried out successful ly; and the post-disaster recovery period
in which damage is repaired; and mitigation, which focuses on
planning. engineering design, economic measures, education.
and information dissemination, all carried out for the purpose
of reducing the long-term losses associated with a particular
hazard or set of hazards in a particular location.

MEASURES OF EARTHQUAKE MAGNITUDE AND INTENSITY

The following excerpt from the 1976 thesis, Seismic Design of a High-Rise
Building, prepared by Jonathan Barnett and John Canatsoulis in partial
fuifillment of the requirements for the degree of Master of Science at
the Worcester Polytechnic Institute explains the Richter magnitude scale
and the modified Mercalli intensity scale:

There are two important earthauake parameters of interest to
the structural engineer. They are an earthguake’s magnitude
and its intensity. The intensity is the apparent effect of
an earthquake as experienced at a specific location. The
magnitude is the amount of energy released by the earthguake.

The magnitude is the easiest of these two parameters to mea-
sure, as, unlike the intensity which can vary with location,
the magnitude of a particular earthgquake is a constant. The
most widely used scale to measure magnitude is the Richter
magnitude scale. Using this scale, the magnitude, measured
in ergs, can be found from the equation Log £ = 11.4 + 1.5 M,
where M is the Richter magnitude. This relationship was ar-
rived at by an analysis of the amplitude of the traces of a
standard seismograph located 100 kilometers from the epicenter
of an earthgquake and correlating this information with the
radiated energy as determined through measurements of the
waves released by the earthquake. The epicenter of an earth-
quake is the point on the surface of the earth directly over
the focus. The focus {or hypocenter) is the point in the
earth’s crust at which the initial rupture (s]ippage of masses
of rock over a fault) occurs. In use, the Richter scale rep-
resents an increase by a factor of 31.6 for each unit {ncrease
in the Richter magnitude. Thus, a Richter magnitude of & is
31.6 times larger than Richter magnitude 5....

[A] problem with using the Richter magnitude is that it gives
little indication of an earthquake’s intensity. Two earth-
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quakes of identical Richter magnitude may have widely different
maximum intensities. Thus, even though an earthquake may have
only one magnitude, it will have many different intensities.

In the United States, intensity is measured according to the
modified Mercalli index (MMI). Im Europe, the most common
intensity scale is5 the Rossi-Fore! scale while in Russia a
modification of the Mercalli scale is used.

The following excerpt from Bruce A. Bolt’s 1978 book, Earthquake: A
Primer (S5an Francisco, California: W.H. Freeman and Company), describes
the modified Mercalli intensity values (1956 version}; masonry definl-
tions from C. F. Richter’s 1958 book, Elementary Seismclogy {San Fran-
cisco, California: W. H. Freeman Company), are inserted in brackets:

I. Not fFelt. Marginal and long-period effects of large
earthquakes.

II. relt by persons at rest, on upper floors, or favorably
placed.

[{[., Felt indoors. Hanging objects swing. Vibration 1ike
passing of light trucks. Duration estimated. May not
be recognized as an earthguake.

[V. Hanging cbjects swing. Vibration like passing of heavy
trucks: or sensation of a jolt like a heavy ball strik-
ing the walls. Standing cars rock. Windows, dishes,
doors rattlie. Glasses clink. Crockery clashes. In
the upper range of 1V, wooden walls and frames creak.

V. Felt outdoors; direction estimated. Sieepers wakened.
Liquids disturbed, some spilled. S5mall unstable objects
displaced or upset. Doors swing, close, open, Shut-
ters, pictures move. Pendulum clocks stop, start,
change rate.

VI. Felt by all. Many frightened and run outdoors. Persons
walk unsteadily. Windows, dishes, glassware broken.
Knicknacks, books, etc., off shelves. Pictures off
walls., Furpiture moved or overturned. Weak plaster
and masonry 0 [weak materials such as adobe, poor mor-
tar, low standards of workmanship; weak horizontaliy]
cracked. Small beils ring (church and school).
Trees, bushes shaken visibly, or heard to rustle.

VIil. Difficult to stand. Noticed by drivers. Hanging ob-
jects quiver. Furniture broken. Damage to masonry O,
including cracks. Weak chimneys broken at roof line.
Fali of plaster, loose bricks, stones, tiles, cornices
also unbraced parapets and architectural ornaments.
Some cracks in masonry C [ordinary workmanship and
mortar; no extreme weaknesses like failing to tie in
at corners but not reinforced or designed agasinst hor-



izonta! forces]. Waves on ponds, water turbid with
mud. Small slides and caving in along sand or gravel
banks. Large bells ring. Concrete irrigation ditches

damaged.

Viil. Steering of cars affected. Damage to masonry C; partial
collapsa. Some damage to masonry B [good workmanship
and mortar: reinforced but not designed in detail to
resist lateral forces]; none to masonry A [good work-
manship, mortar, and design; reinforced, especially la-
terally; bound together by using steel, concrete, etc.:
desigred to resist lateral! forces]. Fall of stucco
and some masonry walls., Twisting, fall of chimneys,
factory stacks, monuments, towers, elevated tanks.
Frame houses moved on foundations if not bolted down:
loose panel walls thrown out. Decayed piling broken
off. Branches broken from trees. Changes in flow
or temperature of springs and wells. Cracks in wet
ground and on steep sippes.

IX. General panic. Masonry D destroyed; masonry C heavily
damaged, sometimes with complete collapse; masonry B
seriously damaged. General damage to foundations.
Frame structures, if not bolted down, shifted off foun-
dations. Frames racked. Serious damage to reservoirs.
Underground pipes broken. Conspicuous cracks in the
ground., In alluviated areas, sand and mud ejected,
earthquake fountains and sand craters.

X. Most masonry and frame structures destroved with their
foundations. Some well-built wooden structures and
bridges destroved. Serious damage to dams, dikes,
embankments. Large landslides. Water thrown on banks
of canals, rivers, lakes, etc. Sand and mud shifted
horizontally on beaches and flat land. Rails bent
slightly.

X1. Rails bent greatly. Underground pipelines completely
out of service.

XI!. Damage nearly total. Large rock masses displaced.
Lines of sight and ievel distorted. Objects thrown
in the air.

EARTHQUAKE OCCURRENC

The location of notable historic U.5. earthquakes is shown in Figure 2,
which s reproduced from Mary L. Schnell and Darretl G. Herd’s 1984
report, National Earthgquake Hazards Reduction Program: Overview (FY
1983), Report to Congress, USGS Circular 918 (Reston, Vlrgwnia. U.5. Ge-
ological Survey).
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SOCIETAL IMPLICATIONS FEEDBACK SHEET

PLEASE RETURN THIS SHEET TO THE:
BUILDING SEISMIC SAFETY COUNCIL
1015 15th STREET, SUITE 700
WASHINGTON, D.C. 20005

o PLEASE DESCRIBE YOUR COMMUNITY’S EXPERIENCE WITH RESPECT TO NEW OR IM-
PROVED SEISMIC DESIGN PROVISIONS. FOR EXAMPLE:
Who are the key decision-makers most reluctant to incorporate

needed new or improved seismic safety provisions in building
regulations?

What appear to be the bases for such reluctance?

What approaches have been used (or could be used) to overcome
this reluctance and what degree of success has been achieved?

Who seem to be the major proponents, and what appear to be their
motivations?

o HAVE YOU FOUND THIS HANDBOOK INFORMATION USEFUL? IF SO, HOW HAS IT
HELPED YOU, THE READER, SPECIFiCALLY?
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o HAVE YOU FOUND THIS HANDBOOK INFORMATION USELESS? IF SO, WHY?

(WE WOULD WELCOME YOUR FRANK OPINION, BUT ASK THAT REASONS S8E PROVIDED
SO THAT ANY FUTURE VERSIONS CAN BE MODIFIED APPROPRIATELY.)

o BASED ON YOUR COMMUNITY’S EXPERIENCE, WHAT ADDITIONAL TOPICS
WOULD YOU LIKE TO SEE THIS HANDBOOK ADDRESS?

0 WHAT OTHER KINDS OF INFORMATION OR HANDBOOKS WOULD YQU FIND PARTI-
CULARLY USEFUL WITH RESPECT TO ENCOURAGING YQUR COMMUNITY TO UTILIZE
NEW OR IMPROVED SEISMIC SAFETY PROVISIONS?

0 WOULD YOU BE INTERESTED IN KNOWING OF THE AVAILABILITY OF OTHER BSSC
REPORTS?

O ANY ADDITIONAL COMMENTS YOU WOULD LIKE TO OFFER WOULD BE APPRECIATED.

NAME :

ADDRESS1




BUILDING SEISMIC SAFETY CCOUNCIL

AFL-CI0 Building and Construction Traces Zecar-men*
Amertcan Concrate [nstituse
Amer!can Consulting Engireers Caunci!
American Councl! of [ndependent Laboratories, Inc.
Amerlcan [nstitute of Architects
American Instltute of Steel Construct'on
American Insurance Associatlon
Amerfcan [ron ang Steel [nstityte
American Plywood Asscciation
Amer!can Soclety of Civiil Engineers
Appl {ed Technalogy Council
Associated General Contractors of America
Association ofF Englreering Geologists
Associatton of Major City Bullding OFFicials
Assoclation of the Wall and Cefling Industrles, [nternational
Brick [nstltute aof America
Bullding Officials and Code Administrators., International
Bullding Cwners and Msnagers Assoclation, internatfonal
California Dynamics Corporation
Canadian National Committee on Earthquake Engineering
Concrate Masonry Association of (alifarnia esnd Nevaaa
Concrete Reinforcing Steel [nstitute
Contract Services Admintstration Trust Fund
Council of American Buliding Offlictals
Earthauake Engineer(ng Research Institute
[nteragency Committee on Seismic Safety !n Construction
Intersational Conference of Bubiding Officiais
Masonry Institute of America
Masonry Instlitute of Washington
Metal Bu!lding Manufacturers Assocciation
MNatfornal Association of Home Bullders
Nat!lonal Association of Housing and Redeveiopment Officials
National Fire Sprinkler Association
Natianal Concrete Masonry Asssciation
Natianal Elevater [ndustry, Inc.
Nationai Forest Products Assaclation
Natlonal Institute of 8ufld!ng Sciences
Cklahoma Masonry Inmstitute
Portland Cement Aszsocciaticn
Prestressesd Concrete [nstitute
Rack Manufacturers [nstitute
Soll and Foundatlion Engineers Assoclaticon
Socotec, U.S5.A. Corporation
Southern Bullding Code Congress [ntarnat!onal
Steel Plate Fabricaters Assocliation. Inc.
Structural Engineers Associattfon of Ar!zona
Structural Englneers Association of Lal!fornla
Structural £nglneers Asscciation of Central Callfernla
Structural Englneers Association of Narthern Caiiforn-a
Structurai Engineers Assoclation of San Olego
Structural Engineers Assoclation of Southern Californta
Structural Englineers Associatlon of Ltan
Structural Engineers Assoclation of Washington
The Masonry Society
Unlt Masonry Assocfation of San Dlege, inc.
Western States Councli Structural Engineers Assoclaticn
Western States Clay Products Assccration



