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GLOSSARY of terms used in earthquake engineering. They are consistent with

those proposed by the Earthguake Engineering Research Institute.

Accelerogram. The record from an accelerometer showing acceleration as a

function of time. The peak acceleration is the largest value of acceleration

on the accelerogram.

Acceptable Risk. A probability of occurrences of social or economic

consequences due to earthquakes that is sufficiently low (for example in
comparison to other natural or manmade risks) as to be judged by appropriate
authorities to represent a realistic basis for determining design requirements

for engineered structures, or for taking certain social or economic actions.

Active fault. A fault is active if, because of its present tectonic setting,

it can undergo movement from time to time in the immediate geologic future.
This active state exists independently of the geologists' ability to recognize
it. Geclogists have used a number of characteristics to identify active
faults, such as historic seismicity or surface faulting, geologically recent
displacement inferred from topography or stratigraphy, or physical connection
with an active fault. However, not enough is known of the behavior of faults
to assure identification of all active faults by such characteristics.
Selection of the criteria used to identify active faults for a particular
purpose must be influenced by the consequences of fault movement on the

engineering structures involved.

Attenuation. A decrease in seismic signal strength with distance which

depends not only on geometrical spreading, but also may be related to the



physical characteristics of the transmitting medium that cause absorption and

scattering.

Attenuation law. A description of the average behavior of one or more

characteristics of earthgquake ground motion as a function of distance from the

source of energy.

b-value. A parameter indicating the relative frequency of earthquakes of

different sizes derived from historical seismicity data.

Capable fault. A fault along which future surface displacement is possible,

especially during the 1ifetime of the engineering project under consideration.

Design earthquake. A specification of the ground motion at a site based on

integrated studies of historic seismicity and structural geology used for the

earthquake-resistant design of a structure.

Design spectra. Spectra used in earthquake-resistant design which correlate

with design earthquake ground motion values. Design spectra typically are
smooth curves that take into account features peculiar to a geographic region

and a particular site.

Design_time history. One of a family of time histories used in earthquake-

resistant design which produces a response spectrum enveloping the smooth

design spectrum, for a selected value of damping.
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Duration. A gqualitative or guantitative description of the length of time
during which ground motion at a site exhibits certain characteristics such as

being equal to or exceeding a specified level of acceleration such as 0.05q.

Earthquake hazards. The probability that natural events accompanying an

earthquake such as ground shaking, ground failure, surface faulting, tectonic
deformation, and inundation, which may cause damage and loss of Tife, will

pccur at a site during a specified exposure time. See earthguake risk.

Earthquake risk. The probabiliity that social or economic conseguences of

earthquakes, expressed in dollars or casualties, will equal or exceed

specified values at a site during a specified exposure time.

Earthquake waves. Elastic waves (P, S, Love, Rayleigh) propagating in the

Farth, set in motion by faulting of a portion of the Earth.

Effective peak acceleration. The peak ground acceleration after the ground-

motion record has been filtered to remove the very high freguencies that have

Tittle or no influence upon structural response.

Epicenter. The point on the Earth's surface vertically above the point where

the first fault rupture and the first earthquake motion occur.

Exceedance probability. The probability {for example, 10 percent) over some

period of time that an event will generate a Tevel of ground shaking greater

than some specified level.



Exposure time. The period of time (for example, 50 years) that a structure is

exposed to the earthquake threat. The exposure time is sometimes related to

the design lifetime of the structure and is used in seismic risk calculations.

Fault. A fracture or fracture zone in the Earth along which displacement of
the two sides relative to one another has occurred parallel to the fracture.

See Active and Capable faults.

Focal depth. The vertical distance between the hypocenter and the Earth's

surface in an earthquake.

Ground motion. A general term including all aspects of motion; for example,

particle acceleration, velocity, or displacement; stress and strain; duration;
and spectral content generated by a nuclear explosion, an earthgquake, or

another energy source.

Intensity. A numerical index describing the effects of an earthguake on the
Earth's surface, on man, and on structures built by him. The scale in common
use in the United States today is the Modified Mercalli scale of 1931 with
intensity values indicated by Roman numerals frem I to XII. The narrative

descriptions of each intensity value are summarized below.

I. Not felt--or, except rarely under especially favorable
circumstances. Under certain conditions, at and outside the boundary

of the area in which a great shock is felt: scmetimes birds and
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I1.

II1.

Iv.

animals reported uneasy or disturbed; sometimes dizziness or nausea
experienced; sometimes trees, structures, liquids, bodies of water,

may sway--doors may swing, very slowly.

Felt indoors by few, especially on upper floors, or by sensitive, or
nervous persons. Also, as in grade I, but often more noticeably:
sometimes hanging objects may swing, especially when delicately
suspended; sometimes trees, structures, liquids, bodies of water, may
sway, doors may swing, very slowly; sometimes birds and animals
reported uneasy or disturbed; sometimes dizziness or nausea

experienced.

Felt indoors by several, motion usually rapid vibration. Sometimes
not recognized to be an earthquake at first. Duration estimated in
some cases. Vibration 1ike that due to passing of light, or 1ightly
Toaded trucks, or heavy trucks some distance away. Hanging objects
may swing slightly. Movements may be appreciable on upper levels of

tall structures. Rocked standing motor cars slightly.

Felt indoors by many, outdoors by few. Awakened few, especially
1ight sleepers. Frightened no one, unless apprehensive from previous
experience. Vibration like that due to passing of heavy or heavily
loaded trucks. Sensation Tike heavy body of striking building or
falling of heavy objects inside. Rattling of dishes, windows, doors;

glassware and crockery clink or clash. Creaking of walls, frame,
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VI.
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especially in the upper range of this grade. Hanging objects swung,
in numerous instances. Disturbed 1iquids in open vessels slightly.

Rocked standing motor cars noticeably.

Felt indoors by practially all, outdoors by many or most; outdoors
direction estimated. Awakened many or most. Frightened few--slight
excitement, a few ran outdoors. Buildings trembled throughout.
Broke dishes and glassware to some extent. Cracked windows--in some
cases, but not generally. Overturned vases, small or unstable
objects, in many instances, with occasional fall. Hanging objects,
doors, swing generally or considerably. Knocked pictures against
walls, or swung them out of place. Opened, or closed, doors and
shutters abruptly. Pendulum clocks stopped, started or ran fast, or
slow. Move small objects, furnishings, the latter to slight

extent. Spilled Tiquids in small amounts from well-filled open

containers. Trees and bushes shaken slightly.

Felt by all, indoors and outdoors. Frightened many, excitement
general, some alarm, many ran outdoors. Awakened all. Persons made
to move unsteadily. Trees and bushes shaken slightly to

moderately. Liguid set in strong motion. Small bells rang--church,
chapel, school, etc. Damage slight in poorly built buildings. Fall
of plaster in small amount. Cracked plaster somewhat, especially
fine cracks chimneys in some instances. Broke dishes, glassware, in
considerable quantity, also some windows. Fall of knickknacks,
books, pictures. Overturned furniture in many instances. Move

furnishings of moderately heavy kind.



VII.

VIII.

Frightened all--general alarm, ail ran outdoors. Some, or many, found
it difficult to stand. Noticed by persons driving motor cars. Trees
and bushes shaken moderately to strongly. Waves on ponds, lakes, and
running water. Water turbid from mud stirred up. Incaving to some
extent of sand or gravel stream banks. Rang large church bells,

etc. Suspended objects made to quiver. Damage negligible in
buildings of good design and construction, slight to moderate in
well-built ordinary buildings, considerable in poorly built or badly
designed buildings, adobe houses, old walls {especially where laid up
without mortar), spires, etc. Cracked chimneys to considerable
extent, walls to some extent. Fall of plaster in considerable to
large amount, also some stucco. Broke numerous windows and furniture
to some extent. Shook down loosened brickwork and tiles. Broke weak
chimneys at the roof-line (sometimes damaging roofs). Fall of
cornices from towers and high buildings. Dislodged bricks and
stones. Overturned heavy furniture, with damage from breaking.

Damage considerable to concrete irrigation ditches.

Fright general--alarm approaches panic. Disturbed persons driving
motor cars. Trees shaken strongly--branches and trunks broken off,
espacially palm trees. Ejected sand and mud in small amounts.
Changes: temporary, permanent; in flow of springs and wells; dry
wells renewed flow; in temperature of spring and well waters. Damage
slight in structures (brick) built especially to withstand
earthquakes. Considerable in ordinary substantial buildings, partial

collapse, racked, tumbled down, wooden houses in some cases; threw
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IX.

XI.

out panel walls in frame structures, broke off decayed piling. Fall
of walls, cracked, broke, solid stone walls seriously. Wet ground to
some extent, also ground on steep slopes. Twisting, fall, of
chimneys, columns, monuments, also factory stacks, towers. Moved

conspicuously, overturned, very heavy furniture.

Panic general. Cracked ground conspicuously. Damage considerable in
(masonry) buildings, some collapse in large part; or wholly shifted
frame buildings off foundations, racked frames; serious to

reservoirs; underground pipes sometimes broken.

Cracked ground, especially when loose and wet, up to widths of
several inches; fissures up to a yard in width ran parallel to canal
and stream banks. Landslides considerable from river banks and steep
coasts. Shifted sand and mud horizontally on beaches and flat

land. Changes level of water in wells. Threw water on banks of
canals, lakes, rivers, etc. Damage serious to dams, dikes,
embankments. Severe to well-built wooden structures and bridges,
some destroyed. Developed dangerous cracks in excellent brick

walls. Destroyed most masonry and frame structures, also their
foundations. Bent railroad rails sTightly. Tore apart, or crushed
endwise, pipelines buried in earth. Open cracks and broad wavy folds

in cement pavements and asphalt road surfaces.

Disturbances in ground many and widespread, varying with ground
material. Broad fissures, earth slumps, and Tand slips in soft, wet

ground. Ejected water in large amounts charged with sand and mud.
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Caused sea-waves ("tidal" waves) of significant magnitude. Damage
severe to wood-frame structures, especially near shock centers.

Great to dams, dikes, embankments often for long distances. Few, if
any (masonry) structures, remained standing. Destroyed large well-
built bridges by the wrecking of supporting piers or pillars.
Affected yielding wooden bridges less. Bent railroad rails greatly,
and thrust them endwise. Put pipelines buried in each completely out

of service.

XII. Damage total--practically all works of construction damaged greatly
or destroyed. Disturbances in ground great and varied, numercus

shearing cracks. Landslides, falls of rock of significant character,

slumping of river banks, etc., numerous and extensive. Wrenched
loose, tore off, large rock masses. Fault slips in firm rock, with
notable horizontal and vertical offset displacements. Water
channels, surface and underground, disturbed and modified oreatly.
Dammed lakes, produced waterfalls, deflected rivers, etc. Waves seen
on ground surfaces {actually seen, prohably, in some cases).
Distorted lines of sight and level. Threw objects upward into the

air.

Liguefaction. Temporary transformation of unconsolidated materials into a

fluid mass.

Magnitude. A quantity characteristic of the total energy released by an
earthquake, as contrasted to intensity that describes its effects at a

particular place. Professor C. F. Richter devised the logarithmic scale for



local magnitude (ML) in 1935. Magnitude is expressed in terms of the motion
that would be measured by a standard type of seismograph located 100 km from
the epicenter of an earthguake. Several other magnitude scales in addition to
ML are in use; for example, body-wave magnitude (mb) and surface-wave
magnitude (MS), which utilize body waves and surface waves, and local
magnitude (M ). The scale is open ended, but the largest known earthguake

have had M, magnitudes near 8.9.
Region. A geographical area, surrounding and including the construction site,
which is sufficiently large to contain all the geologic features related to

the evaluation of earthquake hazards at the site.

Response spectrum. The peak response of a series of simple harmonic

oscillators having different natural periods when subjected mathematically to
a particular earthquake ground motion. The response spectrum may be plotted

as a curve on tripartite logarithmic graph paper showing the variations of the
peak spectral acceleration, displacement, and velocity of the oscillators as a

function of vibration period and damping.

Return period. For ground shaking, return period denotes the average period

of time or recurrence interval between events causing ground shaking that
exceeds a particular Jevel at a site; the reciprocal of annual probability of
exceedance. A return period of 475 years means that, on the average, a

particular level of ground motion will be exceeded once in 475 years.

Risk. See earthguake risk.
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Rock. Any solid rock either at the surface or underlying soil having a shear-

wave velocity 2,500 ft/sec (765 m/s) at small (0.0001 percent) strains.

Seismic Microzoning. The division of a region into geographic areas having a
similar relative response to a particular earthguake hazard (for example,
ground shaking, surface fault rupture, etc.). Microzoning requires an
integrated study of: 1) the frequency of earthquake occurrence in the region,
2) the source parameters and mechanics of faulting for historical and recent
earthguakes affecting the region, 3) the filtering characteristics of the
¢crust and mantle constituting the regional paths along which the seismic waves
travel, and 4) the filtering characteristics of the near-surface column of

rock and soil.

Seismic_zone. A generally large area within which seismic design requirements

for structures are uniform.

Seismotectonic province. A geographic area characterized by similarity of

geological structure and earthquake characteristics. The tectonic processes

causing earthquakes have been identified in a seismotectonic province.

Source. The source of energy release causing an earthquake. The source is
characterized by one or more variables, for example, magnitude stress drop,
seismic moment. Regions can be divided into areas having spatially

homogeneous source characteristics.

Strong motion. Ground motion of sufficient amplitude to be of engineering

interest in the evaluation of damage due to earthquakes or in earthquake-

resistant desion of structures.
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