Solid to Liquid in the Blink
of an eye: Liquefaction

(From Earthquake! By Russell G. Wright)

What is liquefaction?

 
According to standard dictionary definitions, it is simply the process of changing any substance into a liquid.  In earthquake territory, this has special significance.  When you mix loosely compacted sediments (usually sand and silts) with groundwater and shake well with an earthquake, potentially hazardous situations can occur.


The stress caused by the moving earth may rotate and move particles in groundwater saturated zones.  In motion, these saturated zones “liquefy.”  This process by itself is not a problem for people unless other conditions occur.  If the unsaturated soil above the liquefied zone is either too thin or if it is unable to support large buildings when the subsurface zone liquefies, the surface soil loses its bearing strength and sinks into the liquefied zone.  This was the primary cause of damage in the Marina District of San Francisco in the Loma Prieta earthquake of October 17, 1989, where liquefaction occurred in sandy landfills.


During liquefaction, the particles of sand or silt compact and increase the pressure in the pore spaces.  This pressure pushes the particles apart, resulting in a fluid mixture of sand and water that may be ejected to the surface to form sand boils.  These explosive eruptions of sand and water mimic small volcanoes in both their activity and surface expression, often leaving behind crater-like features on the ground.  In the Marina District, many areas experience sand boils, a surface expression of the subsurface liquefaction at work.


What about landslides?  The hidden culprit in some landslide activity may be liquefaction.  If the slope of the ground and the extent of the liquefied strata are favorable, large blocks of land can slide on these water-saturated loose granular layers.  In the 1971 San Fernando earthquake, landslides due to liquefaction occurred within the lower San Fernando Dam at Van Norman Lake nearly caused a major, uncontrolled release of the reservoir.


Liquefaction is proving to be one of the most damaging aspects of earthquakes.  Scientific study of the liquefaction process and mapping of potentially hazardous areas are helping to reduce potential loss of property and life by providing input to sound engineering and construction.


