Part 2, Hazards

Summary of Lesson Content

Overview

This section provides background information for Earthquake Coordinators on earthquake hazards, including hazard maps, hazard research, and secondary hazards.


Hazard Maps

Hazard maps show the relative expectation of earthquake ground motion throughout the U.S. Specifically, the maps show the probability (currently 2%) that a given area will experience earthquake ground motions greater than a certain value in a 50-year period. 



Uses of Hazard Maps

Hazard maps are an important source for creating and updating the seismic design provisions in building codes. 

Hazard maps are also used by insurance companies when setting rates, geologists and geotechnical engineers when estimating ground failure, landslide and liquefaction potential for specific building sites, and by FEMA when allocating funding for ongoing earthquake preparedness, and mitigation and recovery activities for States and Territories. 

Hazard maps are an important tool to educate community officials, business and industry, and the public about the hazardous areas that will affect them. 



Types of Hazard Maps

Hazard maps can come in different probability levels and different ground motion parameters. 

The ground motion parameter maps used for design are spectral acceleration at high and low frequency of 0.2 and 1.0 seconds and peak ground velocity. Hazard maps depicting peak ground acceleration have been used in the past. 



Spectral Acceleration

Spectral acceleration is a measure of the maximum force of a mass having a particular natural vibration period (also called fundamental period). Shorter objects have shorter natural vibration periods than taller objects. 

For example, a 3-story building may have a natural vibration of 0.3 seconds, while a 12-story building may have a natural vibration of 1.5 seconds. 



Spectral Acceleration Hazard Maps

An earthquake's motion is made up of varying amounts of energy vibrating at different periods. The expected earthquake forces affecting a building are related to its natural vibration period and the characteristics of the earthquake's ground motion. 

Spectral acceleration hazard maps are given at spectral periods of 0.2 and 1.0 seconds from which the expected earthquake forces at any period can be calculated at a particular geographic location. 



Peak Ground Acceleration

Peak acceleration is a measure of the maximum force experienced by a mass located at the surface of the ground during an earthquake. Because this value is independent of the building period, it does not provide a good representation of the expected forces in a building and is no longer used for seismic design purposes. 

Peak acceleration is expressed as a percentage of the acceleration of gravity at the surface of the Earth, or g. 

Peak ground velocity describes how fast the ground is shaking, and is the parameter of earthquake shaking that is the most damaging to pipelines. 



Peak Ground Acceleration Hazard Maps

Peak ground acceleration maps used in the past considered ground motions that have a 10% probability of occurring in a 50-year period. 



Hazard Map Display

Maps display spectral acceleration by one of two methods. 

On contour maps, contour lines connect areas of equal acceleration values. Contour line maps are generally more scientifically accurate than previously used county maps. 

These previous maps displayed acceleration values on a county-by-county basis. These values were often expressed by zone; either Zone 1-4 in the building codes, or Zone 1-7 on the maps accompanying the NEHRP Provisions. County maps are generally more useful on a jurisdictional basis. Currently, the jurisdiction should use contour maps specify the design values required. 



Hazard Research

Earthquake hazard research can be divided into two basic categories: basic and applied research. 

In general, basic research is designed to answer fundamental or theoretical questions, while applied research is designed to solve specific practical problems. 



Basic Hazard Research Topics

Recent research has included the following areas: 
· Historical seismicity, studying earthquakes that have occurred in an area in the recent geologic past. 
· Paleoseismology, looking at the layers of sediment and rock beneath the surface to study past earthquakes. 
· Strong motion seismology, using waves from large earthquakes to study the earthquake source in detail. 
· Site response, determining the effect of local site conditions on ground motions. 



Applications of Basic Research

While basic research projects in these areas are more likely to focus on improving our general understanding of earthquakes and earthquake hazards, there are often immediate practical applications. For example, results from strong motion seismology projects have been used to upgrade building codes and for the design of earthquake-resistant structures. 



Applied Hazard Research

The general goal of applied hazard research is to determine why damage occurred and design ways to prevent that damage in future earthquakes. 

In the 1994 Northridge, California earthquake, numerous steel-frame buildings were damaged. A research partnership looked into the causes of the damage and developed new seismic design guidelines to reduce damage to steel-frame buildings in future earthquakes. 



Applied Hazard Research: Advanced National Seismic System

The Advanced National Seismic System (ANSS) is a nationwide network of more than 7000 shaking measurement systems on the ground and in buildings currently under development. 

The measurement systems will provide: 
· Emergency response personnel with real-time earthquake information. 
· Engineers with building and site response information. 
· Researchers with information on earthquake processes. 



Other Earthquake Hazards (Screen 1 of 2)
While damage and subsequent injuries may be directly caused by an earthquake's vibratory ground motion, extensive damage may also result from associated earthquake effects or other natural events. 



Other Earthquake Hazards (Screen 2 of 2)
Damaging events (often referred to as secondary hazards), include: 
· Landslides 
· Tsunamis 
· Seiches 
· Fire 
· Floods 
· Liquefaction 
· Hazardous materials releases 

In addition, many earthquakes are followed by a series of (usually) smaller earthquakes, aftershocks, which can cause significant additional damage. 



Other Hazards: Landslides

Earthquakes may generate enough stress to cause weak slopes to fall, causing a landslide, mudslide, or avalanche. 

In January 2001, an earthquake measuring 7.6 on the Richter scale struck El Salvador. Landslides triggered by the earthquake buried almost 300 houses and killed 700 people. 



Other Hazards: Tsunamis

A tsunami is a series of large sea waves generated by earthquakes, underwater landslides, or delta slope failure. The waves can kill and injure people and cause great property damage. The first wave is often not the largest; successive waves may be spaced many minutes apart and may continue for many hours. 

The 1964 Alaskan earthquake triggered a tsunami that affected sea levels as far away as California, causing 10 deaths and approximately $15 million in damage in Crescent City from a 21-foot wave.



Other Hazards: Seiches

A seiche is the sloshing of a closed body of water caused by seismic waves. For example, seiches can occur in lakes, swimming pools, or fuel tanks. 

Following the 1964 Alaskan earthquake, a seiche occurred in Lake Washington, damaging boats and docks. 



Other Hazards: Fire

In an earthquake, fires may be started from ruptured gas or other utility lines, fuel spills, or from damaged structures. 

In the hours immediately after the 1989 Loma Prieta earthquake, San Francisco had 22 structural fires and 500 other fires. The earthquake ruptured city water lines and damaged fire hydrants, making the firefighting effort more difficult. 



Other Hazards: Floods

An earthquake can rupture dams or levees along a river, allowing water to flood the area, resulting in loss of life and property. 

In the 1971 San Fernando earthquake, shaking and resulting liquefaction severely damaged a dam. Eighty thousand people living downstream of the dam had to be evacuated. 



Other Hazards: Hazardous Materials Release

Hazardous materials may be released during an earthquake due to: 
· Building structural failures. 
· Pipeline breaks. 
· Cylindrical storage tank failures. 
· Collapse of elevated tanks. 
· Falling shelves in hospitals, laboratories, and other facilities. 

Emergency response to hazardous materials release may be hindered by breakdowns in communication systems, disruptions in water and power, and shortages of emergency personnel. 



Other Hazards: Liquefaction

Liquefaction may occur when water-saturated ground acts as a liquid instead of as a solid in response to strong ground shaking. Liquefaction beneath buildings can cause major damage during an earthquake. 

During the 1989 Loma Prieta earthquake, liquefaction caused damage in the Marina district in San Francisco. 



Ground Motion and Building Damage

Several aspects of earthquake ground motion and its interaction with buildings can result in building damage, including: 
· Fundamental period 
· Displacement 
· Amplification 



Fundamental Period

Every object has a fundamental period at which it vibrates. If an object is set in motion by an external force—such as earthquake ground shaking—at its fundamental period, the motion of the object will increase. 

Damage to a building in an earthquake will be considerably more significant if the earthquake's vibrational characteristics match the fundamental period of the building, as the shaking is amplified. However, buildings can be damaged by shaking that is not the same as the building's fundamental period. 

Spectral acceleration maps can be used to calculate the relative damage hazard of particular earthquake vibration periods. 



Displacement

Displacement measures how much a point is moved by the motion of an earthquake. In general, points on the ground are only moved centimeters by the ground motion of an earthquake, except in areas adjacent to large surface faults. However, displacements in buildings can be larger, resulting in damage. 



Amplification

Earthquake ground shaking can be amplified by two primary geologic factors: 
· Softness of surficial soils, and 
· Thickness of surficial sediments. 

As a result, building damage tends to be greater in areas underlain by soft sediments or deep basins. 



Effect of Soil and Rock Types

Studies have shown that the two most important geologic characteristics that affect levels of ground shaking during an earthquake are: 
· The softness of the ground at a site, and 
· The total thickness of sediments above hard bedrock. 

The softer and thicker the soil, the greater the shaking or amplification of waves produced by an earthquake. 



Ground Softness

Seismic waves travel faster through hard rock than through softer rock and sediments. As the waves pass from harder to softer rocks, the waves slow down and their amplitude increases. Thus shaking tends to be stronger at sites with softer surface layers, where seismic waves move more slowly. Ground motion above an unconsolidated landfill or soft soils can be more than 10 times stronger than at neighboring sites on rock for small ground motions. 

The effect of the underlying soil on the local amplification is called the site effect. 



Ground Softness: Regional Differences

The relative effects of earthquakes in the western U.S. compared to the central or eastern U.S. can also be linked to differences in ground softness east and west of the Rocky Mountains. 

The 1906 San Francisco earthquake was felt 350 miles away in the middle of Nevada, while the 1811 New Madrid was felt over 1,000 miles away in Boston. 



Sediment Thickness

In an earthquake, as the thickness of sediment increases, so too does the amount of shaking. 

Shaking levels double from the edge of the Los Angeles Basin, where the sediments are thin, to the middle of the basin, where sediments are thicker. 



Soil and Rock Types

The 2000 edition of the NEHRP Recommended Provisions has defined six different soil and rock types in order to determine amplification effects: 
· Type A, hard rock (igneous rock). 
· Type B, rock (volcanic rock). 
· Type C, very dense soil and soft rock (sandstone). 
· Type D, stiff soil (mud). 
· Type E, soft soil (artificial fill). 
· Type F, soils requiring site-specific evaluations. 

Type A has the less amplification, while Type E has more amplification.



Soil and Rock Types and Hazard Maps

Many State geologists and consulting geologists have developed earthquake hazard maps that incorporate the effects of soil amplification. 



Hotspots

Soil softness and depth do not account for all of the variations in earthquake shaking at specific sites. There are "hotspots" of anomalous shaking unique to each earthquake. 

These hotspots depend on specific details of the earthquake and the affected site, such as:

· Orientation of the fault, 
· Irregularities of the fault surface, and 
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