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Earthquake Mitigation for Hospitals 
Workshop 

Part 2 – Earthquake Hazards

Presenter
Presentation Notes
Slide 1 – Part 2 Title SlideThis section will discuss earthquake hazards in order to provide information to assist you in understanding the various elements that affect building response to earthquake ground motion.  Note to Instructor:It is hoped that this presentation will be given by, or in association with, the earthquake program manager of the particular state or locale where this workshop is being given.  The earthquake program manager, or an individual from the State Geological Survey, is ideally suited to provide an overview presentation on the local hazard affecting the region. The instructor may want to present a brief synopsis of their background and experience with earthquake hazards.  It is also suggested that questions from the audience be encouraged, as they come up, to facilitate workshop interaction among the participants. Now would also be appropriate to introduce any earthquake hazard materials that may have been brought for distribution to the participants.  
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EARTHQUAKE HAZARD

RISK = f( HAZARD, VULNERABILITY )

Risk is a function of both the potential hazard
(seismic ground motion) and vulnerability (lack of seismic 

preparedness in structural and nonstructural systems)

Presenter
Presentation Notes
Slide 2 – RiskHere is the RISK equation we introduced earlier.  This section will focus on the hazard function of the RISK equation.  From a risk perspective, if there is no earthquake hazard, that is, your facility is located in a region that is not earthquake prone, then the earthquake risk to your facility will be zero.  Conversely, if your facility is located within a region of seismicity – low, moderate, or high – then the quantification of the earthquake hazards affecting your facility becomes important.  Knowledge of the earthquake hazard, along with the facility vulnerability, which we will discuss later today, will define the risk to the facility. 
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Plate Boundaries & Earthquakes

Presenter
Presentation Notes
Slide 3 – Plate Boundaries & EarthquakesMost earthquakes occur along plate boundaries where large crustal blocks move past one another.  California and Alaska lie along plate boundaries, and as a consequence those states have relatively frequent earthquakes, which are often of large magnitude.However, not all earthquakes occur at plate boundaries. In the central and eastern United States and other parts of the world, earthquakes occur away from plate boundaries.  These earthquakes are usually less frequent and may be less intense.  Because of their lower frequency, these non-plate boundary earthquakes (also called intro-plate earthquakes) have not been studied as much and are poorly understood.  However, some of these intra-plate earthquake areas, such as the New Madrid Seismic Zone in Missouri, Arkansas, Kentucky, Tennessee, Illinois, Indiana, and Mississippi, can produce large-magnitude earthquakes.  Interestingly, the New Madrid Seismic Zone is thought to be a place where a plate boundary tried to form by rifting, but failed.  As a result, it represents an area of crustal weakness.Note to Instructor:The instructor is free to expand upon the discussion presented above.
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Historic Damaging Earthquakes

Presenter
Presentation Notes
Slide 4 – Historic EarthquakesMany damaging earthquakes have occurred throughout the United States, and in fact many within a relatively short time span geologically.  Note the majority are on the west coast along the Pacific Plate Continental Boundary.  However, many have occurred in non-plate boundary regions.  The New Madrid Seismic Zone is such a non-plate boundary region.Note to Instructor:The instructor is free to expand upon the discussion presented above.
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Presenter
Presentation Notes
Slide 5 – Recent Earthquake ActivityIf we look at more recent seismic activity, we see the same relative trend as the long-term history shows.  This figure, reproduced from the U.S. Geological Survey (USGS) web site, shows the locations of earthquakes that have occurred within the past week (color indicates time elapsed since the event occurred) and their relative magnitudes (the larger events having larger symbols).  Although many of these are small earthquakes (in the magnitude-2-to-3 range), the figure does illustrate that earthquake activity does occur outside of California, and in fact on a regular basis. Note to InstructorIt is suggested that the instructor of this session substitute an updated (more recent) USGS map for discussion about recent earthquake activity.  
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M2.3 11-8-08

M1.7 11-12-08

Presenter
Presentation Notes
Slide 6 – Recent Earthquake ActivityIf we look a little more closely at the recent seismic activity for Nevada, we see several earthquakes near Las Vegas, Nevada.  The figure shows a magnitude-2.3 and magnitude-1.7 occurred last month.  Note to InstructorIt is suggested that the instructor of this session substitute an updated/revised USGS map for discussion that shows recent earthquake activity in the region where the presentation is being given.  
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M2.2 11-10-08

M2.6 11-7-08

Presenter
Presentation Notes
Slide 7 – Recent Earthquake ActivityIf we look a little more closely at the recent seismic activity for the Reno/Tahoe area we see similar small earthquakes.  Shown here are two earthquakes that occurred last month with magnitudes of 2.2 and 2.6.  Again, these figures are to illustrate that earthquakes are constantly occurring within the region. Note to InstructorIt is suggested that the instructor of this session substitute an updated/revised USGS map for discussion showing recent earthquake activity near the region where the presentation is being given. 
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Highest hazard

Lowest hazard

Presenter
Presentation Notes
Slide 8 – U.S. Earthquake HazardThis figure, reproduced from the USGS web site, shows the mapped earthquake hazard of the United States.  Note how less than half the country is considered to have a low seismic hazard, as depicted by the regions without color.  This hazard map depicts the earthquake hazard now stipulated in the International Building Code earthquake design provisions.  As indicated, very few regions of the country are immune from requiring some level of earthquake design under the relatively new International Building Code or IBC.Note to InstructorThe instructor may expand the discussion regarding the building code and the seismic design provisions as needed.  Part 5 of this slide set presents slightly more detail on the building code and the expected performance levels based on code designs.
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Reno, NV

Las Vegas, NV

Presenter
Presentation Notes
Slide 9 – Regional Earthquake HazardThis figure, reproduced from the USGS web site, shows the mapped earthquake hazard for Nevada and the eastern California region of the western United States. Note that (Click to show animation) Reno is clearly in a high seismic hazard region, as indicated by the orange and red areas, and (click again) that Las Vegas is not immune from seismic risk.  Note to InstructorThe instructor may expand the discussion regarding the building code and the seismic design provisions as needed.  Part 5 presents slightly more detail on the building code and the expected performance levels based on code designs.
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Earthquake Hazards

• Fault rupture
• Ground shaking
• Settlement
• Landslides
• Liquefaction
• Tsunami

Presenter
Presentation Notes
Slide 10 – Earthquake HazardsAn earthquake can also cause several co-lateral hazards for the built environment and infrastructure it affects.  These include:Fault rupture, which is the initiating event for an earthquake.  If a fault rupture breaks the surface and a building is located close or straddling the fault, disastrous damage can result.Ground shaking is the most prevalent hazard that affects the built environment.  Settlement of the surrounding soils could occur as a result of consolidation due to the earthquake waves (shaking) passing through the soils.  Landslides can occur as a result of the ground shaking.Liquefaction results in a loss of soil bearing capability.  The soil liquifies and essentially acts like quick sand, greatly affecting a structure’s ability to be supported (if this phenomena is not properly addressed in design and construction).Tsunami’s are earthquake-generated ocean waves, which are caused by displacement of large volumes of water due to undersea ground movement from fault rupture or undersea landslides.  The majority of damage and fatalities from the Sumatra Earthquake of 2007 were due to the tsunami and not direct ground shaking.Let’s look at several of these hazards that affect the built environment and infrastructure.
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Faulting

Presenter
Presentation Notes
Slide 11 – FaultingThe movement along faults is caused by stresses in the earth.  These stresses, acting slowly and continuously over many years, bend the rocks in a wide zone.  This is called strain.  When the stress and strain become high enough to overcome the friction on the fault surface, the rocks on opposite sides of the fault move suddenly as the rocks release the strain and rebound to their unstrained shape.  This sudden movement causes an earthquake.  When faults move, friction between the two blocks grinding past one another creates the massive vibrations, which causes the strong ground shaking common in moderate to large earthquakes. The basic faulting mechanisms are:DIP-SLIP FAULTS, where the movement is mostly VERTICALSTRIKE-SLIP FAULTS, where the movement is primarily HORIZONTAL
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Ground Shaking
• Rock Ruptures
• Shock Waves Propagate thru Rock
• Soil Shakes on Top of rock
• Soil can Amplify the Ground Motion
• Buildings Shake Predominantly Horizontal

Epicenter
At Surface

Presenter
Presentation Notes
Slide 12 – Ground ShakingWhen an earthquake occurs several things happen.  A fault ruptures, large vibrations called seismic waves are radiated in all directions from the fault and cause the ground to shake and roll.  There are four types of seismic waves.  However, the two that mostly affect the built environment, and are used to locate the earthquake epicenter, are the P (compression) waves, which arrive first, and the S waves (shear waves), which arrive second. The release of energy radiates outward from the fault rupture.  Dependent upon the composition of the surrounding soils, the energy or ground shaking may attenuate or die out as it propagates further away from the fault rupture through the soil.  It may also re-amplify in softer soils.  This could occur under building structures that are founded on softer soils but located hundreds of miles from the earthquake’s epicenter.  As an illustration, the darker colors shown in the slide under the buildings along the surface are illustrative of soils that tend to amplify the ground motion.  Another issue to note is that for many earthquakes, particularly those resulting from the rupture of strike slip faults, the amplitude of vertical motions is approximately 1/3 of that of horizontal motions.  This relationship does not always hold true, however, as vertical motions resulting from earthquakes on thrust faults (a case of reverse dip slip faults) may be as high or higher than the horizontal motions in certain locations.
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Liquefaction

Presenter
Presentation Notes
Slide 13 – LiquefactionLiquefaction is a loss of capability or strength of the underlying soils to support loads or weight.  If a building structure or underground utility crosses these zones, then the loss of bearing strength in the soil to support the weight can cause extensive damage.  The left photo shows severe liquefaction during the 1964 earthquake in Japan, which caused some buildings to rotate as rigid blocks onto their sides.  Most liquefaction damage is not as dramatic as this, however.  It is more typical to see small sand blows caused by liquefaction of the underlying soils.  The photo on the right is in the Oakland Port following the 1989 Loma Prieta Earthquake.  The majority of the soils for the port are reclaimed harbor materials, which are susceptible to liquefaction.
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Questions?

Presenter
Presentation Notes
Slide  14 – QuestionsSelf explanatory.The next session will discuss building response and vulnerability to the earthquake hazards discussed here.  
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