Part 4, Building Science

Summary of Lesson Content


Overview

This section provides information for Earthquake Coordinators on building science research; building standards and codes; new and existing construction; nonstructural building elements; and performance-based design. 



Building Science Research 

Research in building science helps develop structures that are better able to withstand earthquake ground motion. While building science research has commonly relied on physical testing of building designs, new research has focused on model-based simulations, theory, and computations. 

Data provided from simulations and other research projects is used to revise building standards. 



Building Standards 

Standards present acceptable design and construction criteria, but they are not enforceable until incorporated into a building code. 

Standards are often used voluntarily by designers to specify the nature or quality of materials to be used in a construction project. 

Standards are developed following a rigorous consensus procedure to ensure balanced representation and the resolution of negative comments. 



NEHRP Recommended Provisions

The NEHRP Recommended Provisions: 
· Provide up-to-date criteria for designing new buildings against earthquake damage. 
· May be used as the basis for the development of seismic-resistant building codes for a given area. 
· Are updated on 3-year cycles to coincide with code updates. 



Goals of the NEHRP Provisions

The goals of the NEHRP Provisions are to: 
· Minimize the hazards to building occupants. 
· Increase the expected performance of higher occupancy structures as compared to ordinary structures. 
· Improve the capability of essential facilities to function after an earthquake. 

The NEHRP Provisions present the minimum requirements for reasonable and prudent life safety for building occupants. Even a well-designed building that conforms to the Provisions may be damaged in a severe earthquake. 



Executive Order 12699 

Executive Order 12699 Seismic Safety of Federal and Federally Assisted or Regulated New Building Construction requires seismic-resistant design for all new Federal buildings. 

The seismic design provisions used must be deemed adequate by the responsible agency or the Interagency Committee on Seismic Safety in Construction (ICSSC). The ICSSC recommends model codes and standards that are substantially equivalent to the NEHRP Provisions. 



Executive Order 12941

Executive Order 12941 Seismic Safety of Existing Federally Owned or Leased Buildings established a set of seismic standards for existing Federal buildings. 

Under this Executive Order, Federal agencies must evaluate their owned and leased buildings for seismic design and potential mitigation when: 
· A building's function is changed; 
· A building is substantially altered; or 
· A building is rebuilt after a disaster. 



Building Codes

Building codes: 
· Are a set of legal requirements intended to ensure that a building will not pose a significant threat to the life and safety of its occupants. 
· Provide the minimum criteria necessary for a building's safe design. 
· Are not written to eliminate property loss; their main function is to ensure life safety. 

Building codes are adopted and enforced by State and/or local governments. 

Past earthquakes have shown that buildings that adhere to modern code requirements generally suffer less damage than buildings built before the adoption of seismic codes. 



Model Building Codes

Private organizations such as the International Code Council (ICC) and National Fire Protection Association (NFPA) publish model building codes that are then adopted by government jurisdictions. 

Model building codes emphasize life safety over property loss. A building that adheres to ICC or NFPA standards may be damaged in an earthquake. However, that building's occupants are less likely to be seriously injured and they will be able to evacuate the building. 



Building Code Adoption

While all States have the legal right to regulate construction, there are several States that do not have Statewide building codes. In some States, the State code applies only to commercial and industrial buildings, while other States' codes apply to all types of buildings. 

Most States with building codes have adopted one of the model building codes, rather than developing a code independently. 



Building Codes and Jurisdictions

Approximately half of all jurisdictions in the U.S. have a building code; most larger jurisdictions have a building code, and approximately three-quarters of all buildings are controlled by a code. However, these codes may not include the latest updates for seismic resistance, and therefore, may not meet the current standards of the NEHRP Recommended Provisions. 



Building Code Enforcement

Enforcement of building codes, even in States with Statewide codes, is usually handled at the local government level. 

In some States, local governments may have to certify that they have adequate qualified staff to review plans and provide inspections, or that have contracted with a person or organization that is properly certified. 



New Construction

A 1992 study by the National Association of Home Builders (NAHB) found that building a house to the NEHRP Provisions added less than 1 percent to the purchase price of the house. 

Past earthquakes have shown that buildings that adhere to modern code requirements generally suffer less damage than buildings built before the adoption of seismic codes. 



New Buildings and Seismic Design

Although seismic building codes are designed to save lives and prevent injuries, the decisions regarding seismic design are often considered in economic terms. 

In fact, earthquake resistance need not be expensive, especially if incorporated into the beginning stages of design and construction. FEMA estimates that sound seismic design adds only about 1.5 percent to the total construction cost. 



Ground Motion and Seismic Design (Screen 1 of 3)

New buildings are designed to reduce the risk of earthquake damage depending on an area's earthquake hazard and the building code adopted. There are several main characteristics that determine a particular building's risk of damage from ground shaking, including: 
· Natural period. Mid-rise buildings are more likely to have a natural period strongly excited by the ground motion and as a result, can suffer more damage. 
· Damping. This includes the ability to reduce or retard vibration, much like the shock absorber in a car. Depending on their design, partitions, ceilings, stairwells, and exterior walls can reduce vibration to different degrees. 



Ground Motion and Seismic Design (Screen 2 of 3)

Characteristics that determine a particular building's risk of damage from ground shaking include: 
· Building frame ductility and strength. Strong, pliable material such as steel can accommodate ground motion better than concrete or other brittle material. 
· Stiffness. All parts of a building should be equally flexible, otherwise the earthquake energy can be concentrated in the stiffer elements. 



Ground Motion and Seismic Design (Screen 3 of 3)

Characteristics that determine a particular building's risk of damage from ground shaking include: 
· Building configuration. Asymmetrical buildings generally suffer more damage than symmetrical ones. 
· Drift. This is the amount a building bends or sways. If the level of drift is too high, architectural finishes and other non-structural elements can be damaged. 



Existing Construction

Older buildings are at a greater risk for damage in an earthquake. Newer buildings are more likely to be built according to seismic building codes. 

Seismic upgrading of an existing building does not guarantee that the structure will not be damaged in an earthquake. Upgrading can greatly reduce the chances of catastrophic damage or collapse. 

The costs to upgrade an existing building vary widely, depending on the size and complexity of the required work. In general, it is significantly less expensive to upgrade a building prior to an earthquake than it is to repair a damaged building after an earthquake. 



Upgrading Techniques: Foundations

The lateral forces of an earthquake can slide a building off of its foundation. 

Upgrading techniques for foundations include: 
· Installing anchor bolts to secure sill plates, and seismic ties, etc., to masonry foundations. 
· Securing joists to the foundation. 
· Upgrading existing foundations. 



Upgrading Techniques: Walls

Building walls can be strengthened to prevent cracking or collapse by: 
· Connecting joists to masonry walls. 
· Anchoring exterior walls with interior anchors. 
· Strengthening cripple foundation walls. 
· Installing holdown brackets connecting shear walls to foundations. 
· Reinforcing the connection between beams and columns. 
· Bolting columns to the floor slab. 



Upgrading Techniques: Other Elements

Floors and ceilings may be strengthened by: 
· Reinforcing the connection between floor joists and wall studs. 
· Adding bridging to floor joists. 

Roofs may be upgraded by: 
· Reinforcing rafters. 
· Connecting the roof rafters to load bearing walls. 
· Reinforcing the chimney, repointing mortar joints and bracing the chimney. 



Nonstructural Issues

Nonstructural damage may: 
· Be significant, even in a building that is built to code.
· Make an otherwise sound building unusable. 

There are several considerations when deciding whether to upgrade nonstructural elements to reduce seismic risk, including: 
· Life safety 
· Functional loss 
· Economic loss 
· Structural damage 



Upgrading Nonstructural Elements

Fortunately, techniques for reducing damage from nonstructural elements are relatively simple and may be performed by a homeowner or business owner. 

The following are examples of simple retrofitting techniques: 
· Water heaters strapped and bolted to a wall. 
· Latches added to cupboard and closet doors to prevent the contents from spilling out. 
· Bookcases and other tall, heavy furniture bolted to the walls. 
· Hanging pictures or light fixtures restrained with strong nylon line. 
· Objects on tables or shelves restrained with guardrails, wire, Velcro, or other fasteners. 



Performance-Based Design

With performance-based design, buildings are designed to withstand an acceptable level of damage, typically described as a performance level. Building owners make the determination, with their structural engineer, of their building's desired performance level. Performance levels can include: 
· Immediate occupancy, 
· Life-safe, and 
· Collapse prevention. 



Performance-Based Design versus Building Codes

With performance-based design, the owner of the building is included in the design process and helps determine the performance level. In this respect, performance-based designs are superior to regular seismic building codes. 

However, buildings designed for collapse prevention or life safety may still be extensively damaged in an earthquake and require demolition. 



Performance-Based Design Process

In general, the performance-based design process incorporates the following steps: 
· Establish safety goals. 
· Evaluate the condition of the building and contents with regard to safety. 
· Identify potential hazards. 
· Define appropriate hazard scenarios. 
· Establish performance objective. 
· Select computer models or other suitable calculation methods. 
· Develop a proposed solution. 
· Assess the proposed solution. 
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