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30.1



Introduction



Caltrans Office of Earthquake Engineering
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Damage as a Result of Problem Soils
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Damage as a Result of Structural Problems



Earthquakes • Structural Damage Liquefaction • Landslides • Weak Clay Foundation Failure • Foundation Connections • Soft Story • Torsional Moments • Shear • Flexural Failure • Connection Problems • Problem Structures
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Secondary Causes of Structural Damage Surface Faulting • Damage Caused by Nearby Structures and Lifelines
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Recent Improvements in Earthquake Performance Soil Remediation Procedures • Improving Slope Stability and Preventing Landslides • Soil-Structure Interaction to Improve Earthquake Response • Structural Elements that Prevent Damage and Improve Dynamic Response



30.1 Introduction Earthquakes Most earthquakes occur due to the movement of faults. Faults slowly build up stresses that are suddenly released during an earthquake. We measure the size of earthquakes using moment magnitude as defined in Equation 30.1.



M = (2/3)[log(Mo) – 16.05]



(30.1)



where Mo is the seismic moment, as defined in Equation 30.2:



Mo = GAD (in dyne-cm)



(30.2)



where G is the shear modulus of the rock (dyne/cm2), A is the area of the fault (cm2), and D is the amount of slip or movement of the fault (cm). The largest magnitude earthquake that can occur on a particular fault is the product of the fault length times its depth (A), the average slip rate times the recurrence interval of the earthquake (D), and the hardness of the rock (G). For instance, the northern half of the Hayward Fault (in the San Francisco Bay Area) has an annual slip rate of 9 mm/yr (Figure 30.1). It has an earthquake recurrence interval of 200 years. It is 50 km long and 14 km deep. G is taken as 3 × 1011 dyne/cm2:
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FIGURE 30.1 Map of Hayward Fault. (Courtesy of EERI [1].)



Mo = (.9 × 200) (5 × 106) (1.4 × 106) (3 × 1011) = 3.78 × 1026 M = (2/3)[log 3.78 × 1026 – 16.05] = 7.01 © 2001 by CRC Press LLC



FIGURE 30.2 Attenuation curve developed by Mualchin and Jones [7].



Therefore, an earthquake of a magnitude about 7.0 is the maximum event that can occur on the northern section of the Hayward Fault. Because G is a constant, the average slip is usually a few meters, and the depth of the crust is fairly constant, the size of the earthquake is usually controlled by the length of the fault. Magnitude is not particularly revealing to the structural engineer. Engineers design structures for the peak accelerations and displacements at the site. After every earthquake, seismologists assemble the recordings of acceleration vs. distance to create attenuation curves that relate the peak ground acceleration (PGA) to the magnitude of earthquakes based on distance from the fault rupture (Figure 30.2). All of the data available on active faults are assembled to create a seismic hazard map. The map has contour lines that provide the peak acceleration based on attenuation curves that indicate the reduction in acceleration due to the distance from a fault. The map is based on deterministic-derived earthquakes or on earthquakes with the same return period.



Structural Damage Every day, regions of high seismicity experience many small earthquakes; however, structural damage does not usually occur until the magnitude approaches 5.0. Most structural damage during earthquakes is caused by the failure of the surrounding soil or from strong shaking. Damage also results from surface ruptures, from the failure of nearby lifelines, or from the collapse of more vulnerable structures. We consider these effects as secondary, because they are not always present during an earthquake; however, when there is a long surface rupture (such as that which accompanied the 1999 Ji Ji, Taiwan earthquake), secondary effects can dominate. Because damage can mean anything from minor cracks to total collapse, categories of damage have been developed, as shown in Table 30.1. These levels of damage give engineers a choice for the performance of their structure during earthquakes. Most engineered structures are designed only to prevent TABLE 30.1 Categories of Structural Damage Damage State



Functionality



Repairs Required



Expected Outage



(1) None (pre-yield) (2) Minor/slight (3) Moderate (4) Major/extensive (5) Complete/collapse



No loss Slight loss Some loss Considerable loss Total loss



None Inspect, adjust, patch Repair components Rebuild components Rebuild structure



None 
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