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Earthquakes



Definitions.

Focus – point of rupture of a fault

Focal depth

1. Shallow-focus: 0 to 70 km deep;

(constitute about 75% of all earthquakes);

2. Intermediate-focus: 70 to 300 km deep;

(constitute about 22% of all earthquakes);

3. Deep-focus: 300 to 700 km deep;

(constitute about 3% of all earthquakes).

Epicenter

Epicentric distance

Hypocentric distance

L



The effective distance to the causative fault.

This distance is the epicentric distance should be to the midpoint of the fault length.

Length L of the

fault rupture.

Length L of the

fault rupture.

epicentric distance

epicentric distance



In the figure below, the hanging wall is thrust upward and over the footwall. This is 

called a reverse thrust fault. Other types of faults between these two blocks can be 

normal, oblique and strike-slip faults.



A sudden displacement of the crust is called a slip. Slips are described according to 

their movement. For example, when a person stands on either side of the San Andreas 

fault in mid-California, and looks across the fault, that fault’s movement will towards 

that person’s right. Therefore, the San Andreas fault is a right-lateral movement. The 

other three types of movements are left-lateral, normal and reverse.

The process where an oceanic plate slides beneath a continental plate is known as a 

subduction. This is the case for the Pacific plate that is sliding beneath the North 

America continental plate. The seismic activity common to the states of California, 

Oregon and Washington ensues from this subduction.

The seismic waves radiate out of from the focus. The compression waves (primary or P-

waves) travel through the earth’s interior to reach the surface first. These compression 

waves displace materials directly behind or ahead of their path of travel. 

The shear waves (secondary or S-waves) displace material at right angles to their line of 

travel and reach the surface later. These shear waves have horizontal and vertical 

components since their propagation path may be in any direction from the source.

The S-waves travel more slowly than the P-wave, but they transmit more energy. Thus, 

S-waves cause the bulk of the damage to surface structures.



The primary cause of seismic waves (vibrations) are, (1) the sudden dislocations and 

changes within the earth’s crust plates due to their movements against each other, (2) 

volcanic eruptions, and (3) deep artificially induced explosions.

During an earthquake, the sudden changes in the sea floor at depth (large rising and 

dropping) set a massive wave in the water in motion. As the wave approaches a land 

mass, the deep sea floor transitions gradually to a shallower floor. Since the wave has 

a constant mass, this change causes the wave height to increase. Also, its velocity 

decreases due to the increased friction with the shallower floor.

Sea waves are called  tsunami (which means “sea wave” in Japanese). Other 

synonymous terms are tidal wave and surface-water wave.

Seismic waves are measured with a seismometer. The seismometer measures the 

actual displacement of the ground with respect to a fixed reference point. The 

magnitude M of the earthquake can be calculated from the logarithm of the 

amplitude of the displacement.



Intensity. The Modified Mercalli Scale divides the intensity into an arbitrary scale of 

12 levels of intensity. It is commonly used in the United States.



The earthquake’s magnitude M.

The magnitude M is a measure of the amplitude of the elastic waves generated by an 

earthquake. 

In 1958, C.F. Richter proposed measuring the earthquake’s strength via its 

magnitude M, which is related to the length of the fault slip L. His formula was,

log10 E = 11.4 + 1.5 M

where E is the energy released by the earthquake in ergs.

This equation was modified by Båth in 1966 to,

log10 E = 12.24 + 1.44 M

and again modified by Tocher (1958), Bonilla (1967) and Houser (1969) as,

log L = 1.02 M – 5.77

where L is the length of the fault’s rupture in kilometers.



The comparison between the Richter magnitude scale and the Modified Mercalli 

intensity scale is approximately as follows,

A table of some major earthquakes is shown below,



Example 1.

Using the Tocher equation, calculate the length of the fault rupture for an earthquake 

of magnitudes 6, 7 and 8.
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magnitude.



The amount of energy in a seismic wave decreases when it propagates through rock, 

and this decrease is called attenuation. 

Since attenuation is a decrease in the seismic energy, the factors that influence it are,

(1) the path line, 

(2) the path length, 

(3) the nature of the intervening geologic formations, 

(4) the focal depth, and 

(5) the location of the epicenter. 

The magnitude of an earthquake does not decrease the amount of energy.



The motion of rocks during an earthquake.

The effects of an earthquake upon the surface are due primarily to the upward 

propagation of shear waves through the underlying soft rocks. The P-wave produces 

vertical motion, but the S-wave is the one that produces the large two horizontal 

components of the surface motions.

The typical shear wave velocity in a hard rock such as granite is about 10,000 to 

12,000 ft/s. In contrast, the velocity in a soft rock such as sandstone can be as low as 

2,000 ft/s.

The nature of the surface ground motions were studied by Seed, Idriss and Kiefer in 

1969 and they proposed that three factors need to be understood:

- the (a) duration of the earthquake,

- the (b) predominant period of the acceleration, and

- the (c) maximum amplitude of the motion.



A.  The duration of the earthquake.

The duration is almost identical to the time taken by the fault to rupture. The rate of 

propagation of a fault rupture has been reported by Housner in 1965 to be 

approximately 3.2 km/s. For a given magnitude, the duration can be found from the 

Tocher equation that finds L.

Example 2.

If the epicentric distance from an earthquake of magnitude 7 is 88 km, what is the 

probable duration of the event?
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B.  The predominant period of rock acceleration.

Seed, Idriss and Kiefer prepared in 1969 the graph shown below for the 

predominant period for maximum rock acceleration. The distance plotted below is 

approximately the epicentric distance when the fault length is small. When the fault 

length is large, the perpendicular distance to the fault line must be used.



The period of the earthquake refers to the predominant period of the seismic wave. It 

is determined by a Fourier analysis of its wave.

Both the site (local geology and surficial soils) and the building have their own 

fundamental or natural periods. Therefore, these three periods are all different.

The site period is determined from geotechnical data. The building’s period is 

determined from the analysis of the structure.

The structural damage due to an earthquake depends on (1) the ground acceleration, 

(2) the duration of the motion, (3) the frequency content, (4) local soil conditions, (5) 

the period of the site, (6) the distance between the focus and the structure, (7) the 

intervening geological formations, and (8) the natural frequency of the structure and 

its damping.

Resonance results in an amplification of the response. It occurs when the earthquake, 

the site and the building’s periods coincide with each other. An example of resonance 

occurred during the 1985 Mexico City earthquake. The focus was 365 km from the 

city, but although the acceleration amplitude was small, its period matched that of the 

city’s underlying lake beds. In addition, some of the buildings had natural periods 

similar to the seismic wave and local soils. The consequence was a major magnification 

of the response, and major collapses of many buildings.



Example 3.

What effect would placing permanent and heavy air-conditioning equipment on the 

top floor of a building? How does this affect the fundamental period of the building?

Since,

the stiffness of the building k will not be affected by the installation of the heavy air-

conditioning equipment. However, the mass m does increase, which in turn increases 

the fundamental period T of the building.
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Example 4.

For the magnitudes 6, 7 and 8 earthquake discussed in Examples 1 and 2, what are 

their predominant periods for the maximum rock accelerations?

Using the plot on slide #10, and the distance of 88 km from the causative fault,

- For the magnitude 6 earthquake, the predominant period is 0.35 seconds;

- For the magnitude 7 earthquake, the predominant period is 0.43 seconds;

- For the magnitude 8 earthquake, the predominant period is 0.52 seconds;



C.  The maximum amplitude of the acceleration.  Gutenberg and Richter 

proposed in 1956 a formula for the maximum amplitude of the acceleration a0 in the 

rock in the epicenter region for shallow earthquakes, which have focal depths of less 

than 16 km,

log a0 = - 2.1 + 0.81 M – 0.027 M2

When the earthquake is not shallow, the maximum amplitude decreases rapidly as 

shown below,



The magnitude M of an earthquake has no correlation with either the acceleration or 

duration. 

For example, the 1989 Loma Prieta earthquake in the San Francisco area had a 

magnitude of 7.1 and registered a peak ground acceleration of 0.65g.

The 1994 Northridge earthquake in the Los Angeles area had a magnitude of 6.7 and 

a peak ground acceleration of 1.80g.

The 1971 San Fernando earthquake had a magnitude of 6.6 and lasted only 7 sec.

The 1940 El Centro earthquake had a magnitude of 6.4 and lasted 16 seconds.

The frequency of a seismic wave, its duration and the ground acceleration all affect 

the amount of structural damage.



The effects of an earthquake upon the soil’s structural performance.

Liquefation is one of the consequences of seismic waves traveling through saturated 

loose granular surface soils. Liquefaction is the sudden and dramatic reduction of the 

shear strength of the soil, a large increase in its pore water pressure, a complete loss 

of the bearing capacity and a decrease in the effective stress of the soil.

Earthquakes can trigger the rapid consolidation of soft clays. The loss of the grain-

to-grain contact and the excess pore water pressure leads to a complete loss of the 

soil strength.

The soft clay strata tend to increase the amplitude of the earthquake motions, much 

more than granular sites.

Earthquakes in California with magnitudes between 8.0 to 8.5 are associated with 

ground accelerations of about 0.50g.

The maximum vibration of a single-degree-of-freedom system is measured in terms 

of acceleration, velocity or displacement. The maximum velocity of a structure 

relative to the ground is known as the spectral velocity.
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