Part 3, Risks

Summary of Lesson Content

Overview

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



Building Damage
When considering the potential risk of earthquake damage, buildings may be categorized based on their construction type and the year each is designed and constructed: 
· Light wood-frame 
· Steel frame 
· Concrete 
· Precast concrete 
· Masonry 



Benchmark Year

Benchmark year refers to the year when comprehensive seismic requirements generally considered sufficient to meet a substantial life safety performance level were enacted into the local building code. 

Benchmark years are listed for each building type on the following pages. The pre-benchmark buildings are considered to be the most hazardous. 



Building Types: Light Wood-Frame

Light wood-frame buildings generally perform well in earthquakes because they are lightweight and lowrise. 

The benchmark years for light wood-frame buildings are: 

· BOCA—1992 

· SBCC—1993 

· UBC—1976 

· NEHRP—1985 

In general, well maintained houses built before 1941 seem to perform well



Damage to Light Wood-Frame Buildings

The most common type of structural damage in light-wood frame buildings is the shifting of a building off of its foundation or collapsing of chimneys. 

A common type of structural damage for houses without basements is failure of the cripple wall. The cripple wall is located between the foundation and the raised ground floor to provide space for ventilation and access. These walls are usually the weakest link in the lateral force resisting system of these buildings. 

In addition, tuck-under parking requires extremely tall cripple walls which are very susceptible to damage. 



Building Types: Steel Frame

In steel frame buildings, areas that are vulnerable to earthquake damage include: 

· Welded connections between beams and columns in steel moment-resisting frame buildings. 

· Brace connections in braced steel frame buildings. 

· Tension braces in light metal buildings. 

· Wall construction joints and openings in steel framed buildings with concrete shear walls. 

· Veneer masonry in steel frame buildings with unreinforced masonry infill walls. 



Benchmark Years for Steel Frame Buildings

The benchmark year for welded moment frames is UBC-1994. 

For steel braced frames, benchmark years are: 

· BOCA—1992 

· SBCC—1993 

· UBC—1988 

· NEHRP—1991 

For steel frames with concrete infill walls, the benchmark years are: 

· BOCA—1992 

· SBCC—1993 

· UBC—1976 

· NEHRP—1985 

There is no benchmark year for steel frames with URM infill walls. 



Building Types: Concrete 

The different types of concrete buildings each have vulnerable areas for earthquake damage: 

· Beam/column intersections in concrete moment-resisting frame buildings. 

· Shear failure of or bar buckling in older non-ductile columns. 

· Areas of irregular configurations in concrete shear-wall buildings. 

· Infill walls and column or beam veneer masonry in concrete frame with unreinforced masonry infill walls. 



Benchmark Years for Concrete Buildings

The benchmark years for reinforced concrete frames and reinforced concrete shearwalll buildings are: 
· BOCA—1992 
· SBCC—1993 
· UBC—1976 
· NEHRP—1985 

There is no benchmark year for frames with URM infill walls. 



Building Types: Precast Concrete

The walls in tilt-up buildings are formed and cast on the ground next to their final position, then "tilted up" and attached to the floor slab and roof. The inherently weak wall to roof anchorage in tilt-up buildings has lead to collapse in earthquakes. 

In other precast concrete buildings, poorly designed or constructed connections between prefabricated elements may fail during an earthquake. 

The UBC benchmark year for tilt-up concrete buildings is 1997. There are no benchmark years for precast concrete buildings. 



Building Types: Masonry

In general, reinforced masonry buildings perform well in moderate earthquakes if they are adequately reinforced and grouted. 

Unreinforced masonry buildings, on the other hand, do poorly in earthquakes, in part due to the lack of anchorage of walls to the floor and roof. 



Benchmark Years for Masonry Buildings

The UBC benchmark year for reinforced masonry buildings with flexible diaphragms is 1997. 

For reinforced masonry with stiff diaphragms, the benchmark years are: 
· BOCA—1992 
· SBCC—1993 
· UBC—1976 
· NEHRP—1985 

Except in special cases, there are no benchmark years for unreinforced masonry buildings.



Nonstructural & Infrastructure Damage

When an earthquake hits, in addition to damaging buildings, it can cause damage to:

· Nonstructural elements such as lighting and plumbing; 
· Contents of a building; and 
· Infrastructure, such as roads and utilities, also referred to as lifelines. 



Disruption Due to Damages

These types of damage can be both costly and disruptive. For example, fallen light fixtures may delay the resumption of classes in a structurally sound high school. Damage to a highway overpass can cause traffic problems and hurt businesses in the area. 

Following the 1994 Northridge earthquake, damaged piping closed a number of hospitals that were structurally sound following the earthquake. 



Nonstructural Damage

Nonstructural portions of a building include every part of a building except for floors, walls, columns, beams, and other structural elements. 

Even if a building's structural elements are not damaged during an earthquake, the building may still be rendered unusable by nonstructural damage. Economic losses in U.S. earthquakes are typically dominated by nonstructural damage. 

Nonstructural building elements can be damaged by earthquake ground motion through: 
· Inertial forces, 
· Impact with other nonstructural elements, 
· Distortion, and 
· Separation. 



Causes of Nonstructural Damage: Inertial Forces

Inertial forces can shift or overturn unrestrained items, such as file cabinets or bookshelves. In general, the greater the mass of the object, the larger the inertial force. 

A larger, heavier object, such as a full file cabinet, requires stronger restraints to remain upright in an earthquake than a lighter object, such as an empty file cabinet. 



Causes of Nonstructural Damage: Distortion

As a building bends from side to side during an earthquake, building elements such as windows, veneers, and partitions are subject to distortion. 

Brittle materials such as glass, gypsum drywall, and stucco veneers cannot tolerate significant distortion and will crack or break under the force. 

Much of the damage to architectural elements in a building is due to distortion, rather than inertial forces. 



Causes of Nonstructural Damage: Separation

Movement across separation joints, such as between two wings of a building, can result in significant damage to non-structural elements. 

Building motion can damage any ducts, wiring, or piping that crosses these separation joints. 

In addition, the two parts of a building on either side of the joint may pound into each other, damaging veneers, facades, or parapets. 



Infrastructure Damage

Infrastructure such as roads, bridges, utilities, piping distribution systems, and communication systems are vulnerable to earthquake damage. 

Infrastructure failures can be extremely costly, both in terms of the cost of damage repair and in terms of disruption of activities. 

After the 1994 Northridge earthquake, the Los Angeles water supply system required repairs at more than a thousand places. 



Evaluating Risks

Evaluating earthquake risks is an important step to the reduction of those risks. While a city or town cannot reduce their earthquake hazard, they can reduce the likelihood of damage and the consequences of that damage through mitigation and other measures. 



Targeting Buildings

Risk evaluation can target different types of buildings that are more or less likely to be damaged in an earthquake. It can also identify classes of buildings—such as hospitals or schools—or types of populations—such as the elderly or low-income—that are at greater risk and, therefore, require special consideration to reduce risks. Risk evaluation can also identify infrastructure to determine at-risk dams, utilities, and critical transportation routes. 



HAZUS

The FEMA HAZUS earthquake loss estimation methodology is a software program that estimates losses from potential earthquakes based on building stock, local geology, the location and size of potential earthquakes, and other information. 

HAZUS uses GIS technology to develop analytical reports describing a community's potential losses. 

HAZUS has been expanded into HAZUS-MH, a multi-hazard methodology with modules for estimating potential losses from floods and hurricanes. 



HAZUS Case Study: New York City

The New York City Area Consortium for Earthquake Loss Mitigation (NYCEM) used HAZUS as part of a loss estimation project for New York City in the event of an earthquake or other natural disaster. The project results allow businesses and agencies to take action to reduce potential earthquake damage and losses. 

HAZUS can also be used to assist response following an earthquake, by inputting the earthquake parameters and using the outputs to identify possibly damaged areas. 



Rapid Visual Screening

Rapid visual screening (RVS) is a technique to identify buildings posing a severe risk due to potential or actual earthquake damage. 

While RVS may be applied to all buildings, it is designed to identify: 
· Older buildings not built to current seismic standards. 
· Buildings on soft or poor soil. 
· Buildings with characteristics that have been shown in past earthquakes to be at higher risk. 



RVS Process

RVS can be used to divide a community's buildings into two categories: 
· Probably will have acceptable seismic performance. 
· May be seismically at risk. 

Buildings that are given a score below a certain safety threshold should be investigated by an experienced seismic design professional. 



After RVS

While the principal purpose of RVS is to identify buildings for further seismic evaluation, RVS can also be used as a basis for: 
· Prioritizing seismic upgrade or rehabilitation decisions. 
· Designing seismic mitigation programs. 
· Developing regional earthquake damage and loss assessments. 
· Planning post-earthquake building evaluations. 
· Developing building-specific seismic information for insurance or other purposes. 



Reducing Risks (Screen 1 of 2)
Actions to reduce risks from earthquakes can take several forms, depending on the type of damage or hazard being addressed. 

For example: 
· Structural damage to new buildings may be reduced through adoption and adherence to current seismic building codes and zoning requirements. 
· Nonstructural and contents damage may be reduced through the use of restraints. 



Reducing Risks (Screen 2 of 2)
Other examples of actions to reduce risk include: 
· Lifeline damage may be reduced through development and adherence of seismic design codes and the introduction of redundancy into systems. 
· Upgrading of seismically hazardous buildings can be accomplished through selective mitigation measures. 
· Personal injury may be reduced through practicing "Drop, Cover, and Hold On." 



FEMA Mitigation and Planning

Experience at the Federal, State, and local levels has demonstrated that loss of life and property from earthquakes can be reduced through mitigation. 

FEMA, through NEHRP, encourages the mitigation of earthquake risks through building design, construction techniques, policies, and planning practices. 



Earthquake Mitigation: Buildings

Mitigation measures for existing buildings, nonstructural elements, and infrastructure can reduce risks at relatively modest costs. 

At the University of California, Santa Barbara, the North Hall was upgraded to better withstand earthquake shaking, at a cost of $288,000. Two years after the work was completed, an earthquake hit Santa Barbara. The North Hall suffered only minor damages, while damage to 10 unretrofitted buildings on the University campus alone came to over $3.8 million. 



Earthquake Mitigation: Nonstructural 

The Northridge earthquake caused extensive damage to schools in the Los Angeles Unified School District. Hundreds of lighting fixtures and suspended ceiling tiles crashed down as a result of building motion. Because the schools were not occupied at the time of the earthquake, no one was injured. To prevent serious injury in a future earthquake, the school district implemented mitigation to secure the undamaged light fixtures and ceiling tiles, and replaced the damaged fixtures in compliance with new construction codes. 



Earthquake Mitigation: Infrastructure 

Memphis, Tennessee has started a seismic upgrade project to protect water pumping stations and water lines in the event of an earthquake. The project is estimated to cost under half a million dollars. The total cost of replacing the pumping station and for loss of water services in the event of an earthquake is estimated at more than $110 million. 



Personal Safety

FEMA has developed guidelines for increasing personal safety in preparing for and in the event of an earthquake. 

For families at risk from earthquakes, FEMA's suggestions include: 
· Developing a family disaster plan. 
· Practicing "Drop, Cover, and Hold On." 
· Reminding family members to stay inside during an earthquake. 

Simple actions such as these can greatly increase an individual's chances of avoiding injury during an earthquake. 
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