


How is ground shaking measured?

Although the size of an earthquake is usually reported in terms of Richter magnitude, ground-shaking forces are
most commonly reported in units of acceleration as a fraction of the force (acceleration) of gravity (g). As a seismic
wave passes, it temporarily displaces each particle of earth causing the particle to “accelerate" before returning to its
original position. In general, the greater the acceleration or "g" force, the stronger the ground shaking and the more
damaging the earthquake.

Ground accelerations are recorded with special seismographs called accelerographs (also called strong-motion
instruments). From these records, the frequency and duration of seismic waves in vertical and horizontal directions
can be measured. Ground shaking at a site is typically characterized by measuring the peak, or largest, horizontal
ground acceleration. The horizontal motions are usually the strongest and most damaging to buildings.

Ground motions of 0.1 g (10 percent of the force of gravity) or more may cause significant damage to particularly
vulnerable buildings. Such accelerations are common near the epicenter of earthquakes of Richter magnitude 5 and
larger. Ground motions exceeding 0.3 g (common in earthquakes of magnitude 5.5 and larger) may cause significant
damage even to well-designed buildings. As you can see in the accelerograph record below, the peak horizontal
ground acceleration at Logan from the 1957 magnitude 5.7 Richmond earthquake was over 0.1 g. Many buildings
in Logan experienced damage, particularly to facades, walls, and chimneys.
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Strong-motion record from Logan from the 1962 magnitude 5.7 Richmond earthquake.

How does ground shaking affect buildings?

Damage and collapse of structures due to ground shaking is the leading cause of death and injury in earthquakes.
The horizontal motion is most destructive because many structures, particularly older ones, are not built to withstand
horizontal forces (except for wind).

The frequency of seismic waves is important in determining the extent of building damage. Earthquakes
commonly have a dominant frequency(s) that depends on the size of the earthquake, type of fault rupture, distance
from the epicenter, and local geologic conditions. A building also has a dominant natural frequency of vibration,
depending on its height and construction type, just as a tuning fork has a fixed pitch depending on the length of the
prongs. If the dominant frequency of earthquake ground shaking is close to the dominant natural frequency of
vibration of the building, resonance (amplification of waves) may increase damage.

Short buildings such as one- or two-story houses are most vulnerable to strong, higher frequency seismic waves.
High-frequency waves are strongest near the epicenter, but rapidly dissipate as they move outward. In general,
wood-frame houses sustain less damage than unreinforced brick or masonry houses.

High-rise buildings are most vulnerable to strong, long-duration, lower-frequency waves which cause the
buildings to sway back and forth. Here again, unreinforced brick or masonry buildings are more vulnerable than
steel-framed buildings. Low-frequency waves dissipate much slower than high-frequency waves, and may cause
damage at great distances from the epicenter.









