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Preface

MCEER is a national center of excellence dedicated to the discovery and development of new 
knowledge, tools and technologies that equip communities to become more disaster resilient in 
the face of earthquakes and other extreme events. MCEER accomplishes this through a system of 
multidisciplinary, multi-hazard research, in tandem with complimentary education and outreach 
initiatives. 

Headquartered at the University at Buff alo, The State University of New York, MCEER was originally 
established by the National Science Foundation in 1986, as the fi rst National Center for Earth-
quake Engineering Research (NCEER). In 1998, it became known as the Multidisciplinary Center 
for Earthquake Engineering Research (MCEER), from which the current name, MCEER, evolved.

Comprising a consortium of researchers and industry partners from numerous disciplines and 
institutions throughout the United States, MCEER’s mission has expanded from its original focus 
on earthquake engineering to one which addresses the technical and socio-economic impacts of a 
variety of hazards, both natural and man-made, on critical infrastructure, facilities, and society.

The Center derives support from several Federal agencies, including the National Science Founda-
tion, Federal Highway Administration, Department of Energy, Nuclear Regulatory Commission, 
and the State of New York, foreign governments and private industry.  
 
This report presents a simple and conservative method for developing seismic response accelera-
tion spectra to be used in the design of temporary bridges. A method for modifying the response 
spectra used in the design of permanent bridges with spectral reduction factors is defi ned. The 
spectral reduction factors are used to reduce the response spectra corresponding to a 1000 year 
return period to one having an approximated 100 year return period.  This result was obtained 
by fi rst grouping seismic data by geographic location and, alternatively, by magnitude of re-
sponse spectra to develop spectral reduction factors. The seismic data analyzed in this report 
was collected from the United States Geological Survey’s (USGS) website. The report provides 
two spectral reduction factors proposed for consideration by design specifi cations, and a design 
example to illustrate the procedure.
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ABSTRACT 

There is presently no prevailing method for reducing the seismic response acceleration parameters 

PGA, SS, and S1 from probabilistic seismic hazard values used for permanent bridge design to 

levels suitable for temporary bridge design. The American Association of State Highway and 

Transportation Officials (AASHTO) does not explicitly specify a return period to be used for 

temporary bridge design, rather, it limits the magnitude of reduction for the seismic response 

spectrum used in permanent bridge design when designing a temporary bridge. The AASHTO 

LRFD Bridge Design Specifications (2016) specifies a spectral reduction of no greater than 2, 

while the AASHTO Guide Specifications for LRFD Seismic Bridge Design (2015) restricts the 

magnitude of spectral reduction to no greater than 2.5.  

 

In this study, proposed spectral reduction factors are defined and used to reduce the spectral 

response acceleration parameters, PGA, SS, and S1, from the 1000 year return period used for 

permanent bridge design, to a return period suitable for temporary bridge design. The return period 

used in this study for determining seismic demands in temporary bridge design, 100 years, 

corresponds with the 10 percent probability of exceedance in 10 years currently employed by the 

California Department of Transportation for temporary bridge design (Caltrans 2011).  

 

The spectral reduction factors proposed in this report will operate as the ratio between the return 

period used for the seismic design of a permanent bridge and the return period used for the seismic 

design of a temporary bridge. Initially, separate spectral reduction factors are examined for each 

of the three aforementioned spectral response coefficients. To arrive at suitable values for the 

spectral reduction factors, seismic hazard data was obtained from the United States Geological 

Survey’s website (USGS 2002; USGS 2014) for 100 different sites across the conterminous United 

States, with site selection criteria defined in this report. The 100 site locations are categorized into 

common Seismic Groups, with the defining criteria for the Seismic Groups initially chosen based 

on geographic location, and, alternatively, based on AASHTO defined Seismic Performance Zone. 

The Seismic Groups are used with the goal of finding a set of defining criteria which can be applied 

to any arbitrary location designating it to a specific Seismic Group, with the goal that within each 

Seismic Group, sites will share similar valued spectral ratios. For this study, the spectral ratios is 
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defined as the ratio between the seismic response coefficients corresponding to a 1000 year return 

period, and the response coefficients corresponding to a 100 year return period.  

 

A spectral ratio is obtained for each of the three seismic response acceleration coefficients. The 

mean values of spectral ratios within each Seismic Group is used to determine the spectral 

reduction factors. As a result, two spectral reduction factors for seismic design of temporary 

bridges are proposed: One spectral reduction factor of 2.5 to reduce each of PGA, SS, and S1 for 

the western United States, and one spectral reduction factor of 3.75 to reduce PGA, SS, and S1 for 

the central and eastern United States. 
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INTRODUCTION 

 

1.1 General 

The first step in seismic design is defining the design hazard with a corresponding level of 

acceptable risk (Newmark and Hall 1982). Considering the short history of reliable seismic data 

(Blume 1965), and given the number of uncertainties in earthquake design including event 

frequency and magnitude, seismic risk can be suitably expressed as a function of return period 

(Cornell 1968). The American Association of State Highway and Transportation Officials’ 

(AASHTO) LRFD Bridge Design Specifications (LRFD-BDS) specifies a probabilistic approach 

for the seismic design of bridges in Article 3.10.1 (2016); in this approach, bridge acceleration 

response spectra, based on a uniform risk of a 7 percent probability of exceedance in 75 years, are 

used to define the acceptable seismic hazard level in which the bridge “may suffer significant 

damage” but “have a low probability of collapse.” The 7 percent probability of exceedance in 75 

years corresponds to what is roughly a 1000 year return period. The relationship between the return 

period and the probability of exceedance is given below by Equation 1-1 (NHI 2014): 

 

𝑃 = 1 − 𝑒−𝛾𝑡      (1-1) 

 

where P is the probability of exceedance for a period of time, t, and γ is the inverse of the return 

period. 

 

The AASHTO LRFD-BDS does not explicitly define incremental levels of risk for seismic design, 

in that it only explicitly defines a single return period for the design of the structure. The 

advantages of varying increments of risk and potential damage in the design process have long 

been advocated (Blume 1965), but the current design approach embodies the long-standing 

philosophy that “some economic loss” is admissible “under these moderate, not unexpected 

earthquake effects” (Cornell 1968).  

 

In AASHTO’s General Procedure specified in Article 3.10.2.1 of the LRFD-BDS, response spectra 

are used to relate the return period to seismic hazard demands. The response spectra defined in 
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Article 3.10.4.1 of the AASHTO LRFD-BDS, are calculated from the peak ground acceleration 

and the five percent damped maximum response accelerations which correspond to AASHTO’s 

aforementioned specified probability of exceedance, or return period. Response spectra, a widely 

used method for earthquake analysis of structures, were first conceptualized in 1932 by M.A. Biot 

(Chopra 2012; Trifunac 2003). The response spectrum specified by AASHTO is the pseudo-

acceleration response spectrum. The pseudo-acceleration response spectrum relates the pseudo-

acceleration response of the structure to the natural vibration period of the structure. The term 

pseudo is used to differentiate the design maximum response and the true maximum response of 

the structure (Chopra 2012) A plot of the seismic acceleration response spectrum used by 

AASHTO serves as a visual representation of the expected maximum response acceleration a 

bridge may be subject to during its design lifespan. The acceleration response spectra are used in 

the AASHTO LRFD-BDS to calculate the design earthquake load, a horizontal load to be applied 

to the structure during analysis. The design earthquake load is an idealization of inertia effects 

caused by earthquake ground excitation (Bruneau et al. 2011).  

 

There is no national consensus on what method should be used in design practice to reduce the 

seismic design criteria used for permanent bridges to levels suitable for the design of temporary 

bridges. While spectral response coefficients given by the maps for the same return period as new 

bridges can be used in the design of temporary bridges, some engineers may find these values too 

conservative as they do not reflect the reduced design lifespan of a temporary bridge, and are thus 

not as cost effective as using spectral response coefficients that incorporate the reduced time of 

exposure (Mohammadi and Heydari 2008). Presently, AASHTO does not provide an alternate 

return period to be used for temporary bridge design that reflects the reduced design lifespan of a 

temporary bridge; it does however provide restrictions governing the use of alternate response 

spectra for temporary bridges. In the AASHTO LRFD-BDS, Article 3.10.10 restricts the reduction 

of response spectra for temporary bridges by a factor no greater than 2. The AASHTO Guide 

Specifications for LRFD Seismic Bridge Design (LRFD-SBD), however, restricts the reduction of 

response spectra for temporary bridges by a factor of no greater than 2.5, as specified in Article 

3.6 (2015). 
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There are two primary methods for calculating the design spectra contained within the LRFD-

BDS, the general procedure and the site specific procedure. The site specific procedure is a more 

comprehensive approach for calculating the response spectra; its use is specified for design sites 

close to an active fault, sites designated Site Class F, for anticipated long-duration earthquakes, 

and for bridges of high importance. Further details regarding when to use the site specific 

procedure can be found in Article 3.10.2 of the LRFD-BDS. The content in this report will focus 

on the general procedure. Note that per Article 3.10.2.2 of the LRFD-BDS, deterministic response 

spectra can be used within specified limits near known active faults. 

 

Using AASHTO’s general procedure, the seismic response spectra are defined using the 

corresponding mapped spectral acceleration coefficients given by the maps in Article 3.10.4.1 of 

the LRFD-BDS, namely, the peak ground acceleration coefficient, PGA, the short-period response 

acceleration coefficient, SS, and the long-period response acceleration coefficient, S1. The design 

maps from which the response coefficients are given, are produced using the aforementioned 7 

percent probability of exceedance in 75 years, and with an assumed damping ratio of 5 percent. In 

addition to PGA, SS, and S1, the Site Factors must be obtained. Each of the three mapped 

coefficients has a corresponding Site Factor defined in Article 3.10.3.2: Fpga is the Site Factor for 

the peak ground acceleration coefficient given in Table 3.10.3.2-1, Fa is the Site Factor for the 

short-period response acceleration coefficient given in Table 3.10.3.2-2, and Fv is the Site Factor 

for the long-period response coefficient given in Table 3.10.3.2-3. The values of the Site Factors 

are dependent upon the Site Class, defined in Article 3.10.3 and determined from the soil properties 

specific to the location. Once the Site Factors have been obtained, design values for the response 

spectra can be calculated from the mapped response coefficients.  

 

One practice currently employed by some state transportation departments, is to specify a return 

period that is reduced from the 1000 year return period given by AASHTO, to be used for 

temporary bridge design (Caltrans 2011; IDOT 2012; SCDOT 2008). In May 2011, the California 

Department of Transportation (Caltrans) issued a memo to state bridge engineers setting a standard 

for the response spectra to be used in temporary bridge design. They specified that temporary 

bridges “that carry or cross over public vehicular traffic” should be designed per a response spectra 

corresponding to a 10 percent probability of exceedance in 10 years, corresponding to a return 
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period of roughly 100 years (Caltrans 2011). Recognizing that Caltrans’ Seismic Design Criteria 

over the years has helped shape AASHTO’s LRFD-SBD (NHI 2014), the method proposed in this 

report is based on the assumption that the probabilistic approach utilized by Caltrans for temporary 

bridges would be nationally acceptable to state bridge engineers as far as return period is 

concerned, and as far as the definition of a temporary bridge is concerned. Caltrans defines 

temporary bridges as bridges with a design lifespan of five years or less, and the aforementioned 

10 percent probability of exceedance in 10 years is recommended as the design standard for 

temporary bridges herein, and was used as the target return period for the research presented in 

this report.  

 

Currently, for temporary bridge design with a reduced return period, the engineer must search the 

USGS website for the set of response parameters corresponding to that return period. In other 

words, given that there is only one set of design maps in AASHTO, based on a 1000 year return 

period, the use of the USGS website is necessary when designing with a reduced return period. 

This report outlines a method using proposed reduction factors to reduce the spectral acceleration 

coefficients used for the design of permanent bridges and given in the maps in Article 3.10.4.2, to 

obtain the new values to be used for the design of a temporary bridge to the lower target return 

period, with the understanding that some states favor using a simpler procedure that does not 

require the use of the USGS website for obtaining a new set of spectral acceleration coefficients. 

Using the method proposed in this report, an engineer designing a temporary bridge would be able 

to obtain values for the response parameters, PGA, SS, and S1, from the AASHTO maps 

corresponding to a 1000 year return period employing the same procedure used for permanent 

bridge design, and reduce these values using a spectral reduction factor, without the need to use 

the USGS website.   

 

1.2 Objectives 

The primary goal of this report is to propose a simple and conservative method for reducing the 

seismic demands considered in the design of temporary bridges, based on the current set of 

AASHTO mapped spectral response coefficients and without requiring use of the USGS website. 

This simplified method of producing seismic response spectra is aimed at temporary bridges that 
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correspond with AASHTO’s definition of a “regular” bridge given in Article 4.7.4.3 of the LRFD-

BDS, and for areas that typically do not require intensive seismic analysis.  

 

The temporary bridge seismic response spectra proposed in this report will be constructed by 

reducing the values of the peak ground acceleration, PGA, as well as the short-period and long-

period response spectral acceleration parameters, SS and S1 respectively, given by the maps in 

Article 3.10.4.2 of the LRFD-BDS with a proposed spectral reduction factor, defined in Section 

3.4. The spectral response coefficients would be reduced from the requirements outlined for 

permanent bridges, to magnitudes corresponding to a comparable probabilistic earthquake hazard 

employed by Caltrans for temporary bridges, thus effectively reducing the design spectra from a 

seven percent probability of exceedance in 75 years to a ten percent probability of exceedance in 

ten years. The method proposed in this report would allow state engineers to use a reduced seismic 

design spectra without having to follow a more complex procedure to use the United States 

Geological Survey’s website to determine the hazard parameters corresponding to a 10 percent 

probability of exceedance in 10 years.  The resulting designs will be considered conservative if the 

spectral response accelerations calculated by the method outlined in this report are greater in 

magnitude than the spectral response accelerations obtained from the USGS website. 

 

For this proposed method, the value of the spectral reduction factor an engineer would use to create 

the temporary bridge design spectrum would depend upon the “Seismic Group” corresponding to 

the location of the bridge.  Seismic Groups will be used in this report in a similar manner as the 

Seismic Performance Zones used by AASHTO and defined in Article 3.10.6 of the LRFD-BDS. 

Each Seismic Group has distinct defining criteria and within each group there are distinct spectral 

reduction factors. Two separate sets of defining criteria for Seismic Groups will be examined in 

this report: one defined by geographic location and one using the previously mentioned AASHTO 

defined Seismic Performance Zones. The purpose of using Seismic Groups is to establish a limited 

set of fixed-values for the reduction factors applicable to a wide range of locations where one 

spectral reduction factor for reducing the peak ground acceleration, one spectral reduction factor 

for the short-period response spectral acceleration coefficient, and one for the long-period response 

spectral acceleration coefficient can be used to conservatively create a temporary bridge design 

spectrum. These reduction factors would be the same for all locations within each Seismic Group 
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and would reduce the design spectra from probabilistic response values for permanent bridge 

design to those for temporary bridge design. Three spectral reduction factors will be examined for 

each Seismic Group for the sake of comparison, with the goal of proposing a single spectral 

reduction factor for each Seismic Group for simplicity.  

 

1.3 Report Outline 

Section 2 provides a brief overview of some of the literature relevant to this report. This overview 

begins with literature pertaining to regional variations in seismic response spectra and seismic 

hazard curves, then highlights notable differences between the 2002 and 2014 USGS seismic 

hazard data, and concludes with an overview of state department of transportation policies for the 

seismic design of temporary bridges. 

 

In Section 3, the process of seismic hazard data selection and seismic hazard data processing are 

outlined. The seismic hazard data used in this study corresponds to 100 site locations chosen 

around the conterminous United States, the process of selecting these site locations is given in 

Section 3.2. In Section 3.3, the interpolation method used to process the seismic hazard data is 

defined. The method of calculating the spectral reduction factors, which will be used to reduce the 

seismic response spectrum from a 7 percent probability of exceedance in 75 years to a 10 percent 

probability of exceedance in 10 years, is defined in Sections 3.4 and 3.5.   

 

In Section 4, the site locations examined in this report are categorized into Seismic Groups by 

geographic location and spectral reduction factors are calculated unique to each Seismic Group. 

The procedure for each Seismic Group is defined in Section 4.1, and the results for each group are 

presented in Section 4.2 through 4.8. The observations of the authors for the results of Section 4 

are given in Section 4.9. 

 

Section 5 categorizes the site locations into Seismic Groups by AASHTO defined Seismic 

Performance Zone; this method is independent of the results of Section 4. The general procedure 

for each group is given in Section 5.1 with the results presented in Section 5.2 through Section 5.5. 

The observations of the authors for the results of Section 5 are given in Section 5.6. 
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Section 6 provides a design example illustrating the implementation of the spectral reduction factor 

in obtaining design earthquake loads for temporary bridge design. The AASHTO defined Uniform 

Load Method is used in this example. 

 

Section 7 summarizes the key research findings.   
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LITERATURE REVIEW 

2.1 General 

This section provides a brief overview of some of the literature and documents relevant to this 

report. In Section 2.2, a discussion of findings regarding temporal differences in seismic response 

spectra and seismic hazard curves from previously published literature is presented. In Section 2.3, 

some of the notable differences between the 2002 USGS seismic hazard data and the 2014 USGS 

seismic hazard data are discussed. Current state policies regarding seismic design of temporary 

bridges are presented in Section 2.4. 

 

2.2 Regional Differences in Seismic Acceleration Response Spectra and 

Hazard Curves for the Continental United States 

Response spectra in the eastern and central United States can be characterized as having a higher 

frequency content on average than characteristic response spectra in the western United States 

(Chung and Bernreuter 1981; Judd and Charney 2014). This can in part be explained by observed 

areas of higher attenuation in the western United States, and areas with a lower relative attenuation 

in the central and eastern United States (Benz et al. 1997; Chung and Bernreuter 1981; Solomon 

and Toksӧz 1970). An idealized demarcation line between the two contrasting attenuation 

behaviors can be taken at the border of the Great Plains province and the North American 

Cordillera (Mitchell 1975). Attenuation is the decrease in amplitude as the wave propagates due 

to energy losses (Burland et al. 2012). For near-field seismic events, attenuation is generally 

comparable between the eastern and western United States, but for the far-field a pattern of higher 

attenuation in the western United States is observed (Chung and Bernreuter 1981). One attribute 

typical of the central and eastern United States is a greater felt area than an earthquake of similar 

magnitude in the western United States (NHI 2014). Regional variations in attenuation have been 

attributed to differences in volume of water in pore spaces (Mitchell 1975), differences in ground 

absorption (Chung and Bernreuter 1981), high heat flow regions and higher rates attenuation 

(Mikami and Hirahara 1981), and variations in crustal structure (Gregersen 1984). 

 

Attenuation is a factor in both probabilistic and deterministic seismic design, and attenuation rates 

are used to estimate ground motions for earthquake design parameters (Campbell 1997). In the 
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central and eastern United States, greater uncertainty in attenuation and response exists due to a 

lower frequency of earthquakes (Judd and Charney 2014). The lower attenuation exhibited in the 

central and eastern United States combined with a greater average distance from event generating 

faults leads to seismic hazard curves that are dominated by far-field events, particularly as spectral 

period increases (Judd and Charney 2014). In 2014, Judd observed temporal differences in seismic 

hazard curves and that the average ratio of spectral acceleration for a 72 year return period to the 

maximum considered event (MCE) was 20 percent in the western United States compared to 10 

percent found in the eastern United States. Such a factor of 2 is significant for designing structures 

at a low-return period when using values derived from a long-return period spectra. 

 

2.3 Notable Changes from the 2002 and the 2014 USGS Seismic Hazard Data 

The 2002 USGS seismic hazard data was produced with an earthquake catalog extending through 

December 2001 (Frankel et al. 2002), and the 2014 USGS seismic hazard data contains a moment 

magnitude based earthquake catalog extending through 2012 (Petersen et al. 2014). In addition to 

the updated earthquake catalog, the data available twelve years later accounted for numerous 

revisions to fault geometries, fault modeling methodology, recurrence rates, magnitude uncertainty 

models, and updated ground-motion and attenuation relations (Frankel et al. 2002; Petersen et al. 

2008; Petersen et al. 2014).  

 

Beginning in 2003, the Pacific Earthquake Engineering Research Center (PEER) formed five 

teams of researchers tasked to formulate what became known as the Next Generation Attenuation 

(NGA) ground-motion models. Minimum requirements were set forth for the NGA models, to 

provide coverage over a spectral period range of 10 seconds, and validity at distances of up to 200 

km and up to moment magnitudes of 8.5 (Campbell and Bozorgnia 2006). In 2008, the five ground-

motion prediction equations previously used in the 2002 USGS model for crustal faults were 

replaced with newly formulated NGA equations for attenuation. For the USGS 2008 hazard data, 

the new NGA models for attenuation resulted in lower ground motions at the 1 second period in 

the western United States (Petersen et al. 2008). In 2014, the previously used 200 km radius for 

maximum distance of ground motions stemming from crustal sources was increased to 300 km. 

Also new to the USGS 2014 hazard data was an adaptive smoothing model which can cause ground 
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motions to increase in areas of frequent earthquakes, but in general, ground motions decrease more 

rapidly with distance than in previous hazard maps.  

 

In the central and eastern United States, updated equations developed from the NGA ground 

motion database resulted in spectral ground motions that decay more rapidly with increasing 

distance in the 2014 USGS maps than in years previous (particularly for greater magnitude 

earthquakes), correspondingly reducing ground motions across all spectral periods (Petersen et al. 

2014). Furthermore, since the 2002 hazard data, there have been some notable changes in 

earthquake occurrence rates in parts of the country. The central and eastern United States saw an 

unusual spike in occurrence of magnitude 3 earthquakes between 2010 and 2012 (Petersen et al. 

2014). Between 1967 and 2000 the Central United States had an average of around 21 earthquakes 

a year of magnitude 3 or greater, this increased to around 100 a year between 2010 and 2012 

(Petersen et al. 2015), and even more in recent years. The increase in occurrence frequency is often 

attributed to fluid injection (Ellsworth 2013; McGarr 2014). Note that the USGS seismic hazard 

maps prior to 2014 were produced with a methodology used to remove nontectonic earthquake 

events (Mueller 2010; Petersen et al. 2008; Petersen et al. 2014).  

 

2.4 Current State Practices of Seismic Design of Temporary Bridges 

This section provides a summary of current state bridge policies regarding seismic demand criteria 

for temporary bridge design. This section is not necessarily comprehensive in that some policies, 

supporting documents, or other relevant criteria may exist but were not found by the authors of 

this report. Due to the number of state DOT policies regarding seismic design, and temporary 

bridge design, only seismic demand criteria specific to temporary bridge design and applicable to 

the entire structure are included here. Therefore, temporary bridge policies pertaining only to 

temporary supports, or other specific structural components, are not included. Seismic response 

spectra specifications differing from either the AASHTO LRFD-BDS or the AASHTO LRFD-

SBD are included.  

 

California, Illinois, and South Carolina were the only states found to specify alternate return 

periods for seismic demand criteria corresponding to temporary bridge design. As mentioned in 

Section 1.1 of this report, California specifies a 10 percent probability of exceedance in 10 years 
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for temporary bridges (Caltrans 2011). In 2008, the Illinois DOT switched from using a 500 year 

return period for the seismic design of new bridges to the current AASHTO standard 1000 year 

return period, but still uses the 500 year return period for “retrofitting of existing bridges, 

temporary bridge construction, and local bridges” (IDOT 2012). Similar to California, the South 

Carolina Department of Transportation uses a 5 year service limit to define temporary bridges in 

Article 3.11 of the Seismic Design Specifications for Highway Bridges (SCDOT 2008). In South 

Carolina the “Functional Evaluation Earthquake (FEE)” is used for temporary bridge design, as 

specified in Articles 3.3 and 3.11. In Article 2.1, the FEE is defined as a “seismic event with a 15 

percent probability of exceedance in 75 years.” 

 

Information found specific to a number of other states follows (presented in alphabetical order of 

state name):  

 

The Florida Department of Transportation’s Structures Design Guidelines in Article 2.3.1 specifies 

that “only the connections between the superstructure and substructure need to be designed for the 

seismic forces” (FDOT 2017). No policy specific to seismic design of temporary bridges was 

found. 

 

The Idaho Transportation Department’s Load Resistance Factor Design (LRFD) Bridge Manual 

in Article 3.4.1 specifies an earthquake load factor of zero for Extreme Event I loading of bridges 

(IDT 2002).  

 

The Iowa Department of Transportation’s LRFD Bridge Design Manual specifies that seismic 

loading is only to be done for “unusual projects such as bridge sites determined to be Site Class F 

and for Missouri River and Mississippi River bridges.” The seismic analysis is to conform to the 

AASHTO LRFD-BDS (IOWA DOT 2016). 

  

Seismic demand criteria specific to temporary bridges was not found in the Louisiana Department 

of Transportation and Development’s Bridge Design and Evaluation Manual; however, under 

Article 3.3 Performance Criteria pertaining to moveable bridge design, the manual specified that 

designers must “establish seismic performance goals, consistent with the importance of the 
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bridge,” and referred to AASHTO LRFD-BDS and the section pertaining to seismic design of 

bridges in the Louisiana manual for further guidelines (LaDOTD 2014).  

 

The Massachusetts Department of Transportation’s LRFD Bridge Manual specifies that all 

temporary bridges are to be designed using the loads applicable to permanent structures. However, 

it does allow for the State Bridge Engineer to waive the seismic design requirement (MassDOT 

2013).  

 

The Missouri Department of Transportation’s 751 LRFD Bridge Design Guidelines in Article 

751.9.1.1 Applicability of Guidelines, specifies that “seismic design of bridges shall conform to 

AASHTO Division I-A, 1996 and Interims thru 1998.” It does additionally state that “special 

considerations” can be made for temporary bridges (MoDOT 2010).  

 

The New Hampshire Department of Transportation’s Bridge Design Manual specifies that, for 

seismic design of bridges in New Hampshire, all bridges must conform to Article 3.10 of the 

LRFD-BDS and to the LRFD-SBD. It is not clear whether the limiting factor of 2 from the LRFD-

BDS or 2.5 from the LRFD-SBD is applicable for temporary bridge design in New Hampshire. 

The Bridge Design Manual does however state that for nonconventional bridges the Bridge Design 

Chief can approve of “project-specific design requirements” (NHDOT 2015). Note at the time of 

this report, Chapter 9 Miscellaneous Structures was listed as “not completed” on the department’s 

website. 

 

The New Mexico Department of Transportation’s Bridge Procedures and Design Guide specifies 

the use of either the AASHTO LRFD-BDS or LRFD-SBD for the seismic design of bridges 

(NMDOT 2013).  

 

The North Dakota Department of Transportation’s Design Manual refers to the AASHTO LRFD-

BDS for seismic design, but additionally has a load modifying factor of 0.90 given in Article IV-

04.03.02 for temporary bridges (NDDOT 2017).  
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The Ohio Department of Transportation’s Office of Structural Engineer’s Bridge Design Manual 

in Section 503 Detail Design specifies that temporary bridges are to be designed as permanent 

bridges conforming to the procedures of the AASHTO LRFD-BDS, with the exception of a live 

load reduction (ODOT 2007).  

 

The Oregon Department of Transportation’s Bridge Design and Drafting Manual in Article 

1.17.2.1 specifies for temporary bridges that have a design lifespan greater than one year to 

conform to Article 3.10.10 of the AASHTO LRFD-BDS. For bridges with a design lifespan less 

than one year, only the minimum support length is to be provided conforming to Article 4.7.4.4 of 

the AASHTO LRFD-BDS. The Bridge Design and Drafting Manual in Article 1.38.2 defines 

temporary detour bridges as having a maximum design lifespan of five years (Oregon DOT 2016). 

 

The Pennsylvania Department of Transportation’s Design Manual in Article 5.5.3.4.3 states that 

normally temporary bridges are to be in service for two years or less. For temporary bridges to be 

in service for longer than three years, the Bureau of Project Delivery must approve the design. In 

Article 5.5.3.4.3-c-2 it specifies, “No seismic loads,” for temporary bridge design (PennDOT 

2015).  

 

The State of Rhode Island Department of Transportation’s Rhode Island LRFD Bridge Design 

Manual uses two separate return periods for bridge design. In Article 3.6.2 it specifies that 

“essential” bridges will remain open after a 475-year earthquake and that “critical” bridges will 

remain open only for emergency vehicles after a 2500-year earthquake. No separate criteria for 

temporary bridges was found (RIDOT 2007).  

 

The Texas Department of Transportation’s Bridge Design Manual – LRFD in Section 2 specifies 

that seismic loading is not required for bridge design in the state of Texas. Several counties are 

listed as exceptions and are directed to Article 3.10 of the AASHTO LRFD-BDS (TxDOT 2015).  

 

The Utah Department of Transportation’s Structures Design and Detailing Manual in Article 

13.4.2 specifies using the permanent bridge acceleration response spectra divided by 2. 
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Additionally, the Seismic Design Category will be based on the long-period response acceleration 

divided by 2 (UDOT 2015).  

 

The Vermont Agency of Transportation’s VTrans Structures Design Manual specifies in Article 

3.8.1 that AASHTO LRFD-BDS is to be used for the seismic design of bridges. Additionally, 

specified in Article 3.2.2 is a load modifying factor of 0.90 for temporary bridges (VTrans 2010).  

 

The Washington State Department of Transportation’s Bridge Design Manual (LRFD) in Article 

10.13.1 defines a maximum service life of 5 years for temporary bridges. In Article 10.13.2 it 

specifies that temporary bridges be designed according to the AASHTO LRFD-SBD, and that the 

Seismic Design Category be based on the reduced spectra used. A temporary bridge that would 

have been classified as in Seismic Design Category B, C, or D can’t be reclassified as Seismic 

Design Category A (WSDOT 2016).  

 

The West Virginia Department of Transportation’s Bridge Design Manual specifies in Article 

3.1.4.1.5 that “critical” bridges are to be designed for a 2500-year earthquake, “essential” bridges 

are to be designed for a 475-year earthquake, and all other bridges are to be designed for a 50-year 

earthquake. It cannot be inferred that other bridges includes temporary bridges. Additionally, in 

Article 3.21, it states, “All temporary structures shall be designed in accordance with the 

Governing Specifications” (WVDOH 2004). 

 

The following manuals state they are either supplementary to the AASHTO LRFD-BDS, or refer 

to the AASHTO LRFD-BDS for loading specific to temporary bridges, general loading 

requirements without specifying separate criteria for temporary bridges, or changes to other non-

seismic loading procedures but reference the LRFD-BDS for seismic criteria: 

 Alaska Department of Transportation & Public Facilities’ Alaska Highway 

Preconstruction Manual (DOT&PF 2013) 

 Arizona Department of Transportation’s Bridge Design Guidelines (draft not fully 

completed, Preface section on ADOT website refers to AASHTO LRFD-BDS) (ADOT 

2001) 

 Colorado Department of Transportation’s Bridge Design Manual (CDOT 2012) 
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 Connecticut Department of Transportation Bridge Design Manual (ConnDOT 2003) 

 Delaware Department of Transportation’s Bridge Design Manual (DelDOT 2016) 

 Georgia Department of Transportation’s Bridge and Structures Design Manual (GDOT 

2016) 

 Kansas Department of Transportation’s Design Manual (KDOT 2016) 

 Maine Department of Transportation’s Bridge Design Guide (MaineDOT 2003 ) 

 Michigan Department of Transportation’s Michigan Design Manual  (MDOT 2009) 

 Minnesota Department of Transportation’s LRFD Bridge Design Manual (MnDOT 2016) 

 Mississippi Department of Transportation’s Bridge Design Manual (Mississippi DOT 

2010) 

 Montana Department of Transportation’s Structures Manual (MDT 2002) 

 Nebraska Department of Roads’ Bridge Office Policies and Procedures (NDOR 2016) 

 Nevada Department of Transportation’s Structures Manual (NDOT 2008) 

 New York State Bridge Manual (NYSDOT 2006) 

 State of North Carolina Department of Transportation’s Structures Management Unit 

Manual (NCDOT 2016) 

 Virginia Department of Transportation’s VDOT Modifications to the AASHTO LRFD 

Bridge Design Specifications, 7th Edition, 2014 (VDOT 2015) 

 Wisconsin Department of Transportation’s WisDOT Bridge Manual (WisDOT 2017) 

 

The following manuals refer to the AASHTO LRFD-SBD for seismic analysis: 

 Alabama Department of Transportation’s Structural Design Manual (ALDOT 2016) 

 Indiana Department of Transportation’s 2013 Design Manual (INDOT 2013) 

 New Jersey Department of Transportation’s Design Manual for Bridges & Structures 

(NJDOT 2016) 

 Wyoming Department of Transportation’s Bridge Design Manual (WYDOT 2013) 

 

No bridge design manual, or similar comprehensive document with design guidelines for bridges 

could be found from the website of: 

 The Arkansas State Highway and Transportation Department  
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 Hawaii Department of Transportation 

 Kentucky Transportation Cabinet (Structural Design manual listed as “Draft Status”) 

 Maryland Department of Transportation 

 Oklahoma Department of Transportation 

 South Dakota Department of Transportation 

 Tennessee Department of Transportation 
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SEISMIC SPECTRAL REDUCTION FACTORS 

3.1 General  

The method proposed here for the reduction of the seismic design spectra is based on the idea that 

any location on the map of the United States can be identified to belong to a pre-identified Seismic 

Group, and that such Seismic Groups can be defined such that all locations within that group can 

share identical values for the three separate spectral reduction factors that must be used to reduce 

the design spectra defined in Article 3.10.4.1 from a 7 percent probability of exceedance in 75 

years to a 10 percent probability of exceedance in 10 years. Therefore, for each group, three 

spectral reduction factors are calculated, namely one for each of the spectral acceleration 

coefficients used in creating the design spectra defined in Article 3.10.4.1 of the LRFD-BDS. In 

other words, one spectral reduction factor is for reducing the peak ground acceleration coefficient, 

one for the short-period spectral response coefficient, and one for the long-period spectral response 

coefficient. These three spectral reduction factors are referred to here as the “peak ground 

acceleration spectral reduction factor”, KPGA, the “short-period spectral reduction factor”, KDS, and 

the “long-period spectral reduction factor”, KD1.  

 

3.2  Site Locations Obtained for Analysis 

One hundred locations were selected to provide adequate geographic coverage of the continental 

United States. Preference was given to areas of the country perceived as seismically active and 

large population centers. Additionally, locations were selected to ensure that each of the Seismic 

Groups given in Section 4 had at least 10 locations. The GPS coordinates for each location were 

retrieved using Google Earth. The locations selected can be seen below in Figure 3-1.  
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Figure 3-1: Map of the continental United States with the 100 site locations. Graphic 

created with http://batchgeo.com and map data from Google. 

 

For each location, the peak ground acceleration, as well as the short-period and long-period 

spectral response acceleration coefficients corresponding to a 10 percent probability of exceedance 

in 10 years and a 7 percent probability of exceedance in 75 years were obtained from the seismic 

hazard data available on the USGS website. The values were obtained for the 2002 USGS seismic 

hazard data that was used in the development of the 2009 AASHTO seismic maps. In addition to 

the 2002 seismic hazard data, the same three spectral response coefficients were also obtained 

using the 2014 seismic hazard data, assuming that future editions of AASHTO could refer to the 

most recent seismic maps; selected obtained values were also used for direct comparisons of how 

seismic demands have changed over time at the locations considered, and how the coefficients 

calculated by the present methodology are affected by recent changes in the seismic hazard data 

maps.   

 

Two separate methods are used to regroup the 100 site locations into Seismic Groups. One 

method, presented in Section 4, divides the 100 site locations into 7 Seismic Groups that are 

defined as a function of geographic location. The other method, outlined in Section 5, divides the 

http://batchgeo.com/
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100 site locations into 4 separate Seismic Groups that correspond to the AASHTO’s Seismic 

Performance Zones (such zones are defined in Article 3.10.6 of the LRFD-BDS). 

 

3.3 Method of Interpolation  

The seismic data for the peak ground acceleration coefficient, the short-period acceleration 

coefficient, and the long-period acceleration coefficient were downloaded from the USGS website 

in .txt file format. Each coefficient had a corresponding .txt file, thus six files were obtained, three 

for the 2002 set and three for the 2014 set, all of which are publically available on the USGS 

website. The data is provided in a gridded format with incremental values of latitude and longitude 

dividing the United States. Each file contains 19 to 20 spectral acceleration values depending on 

the spectral response coefficient. For each point of intersection between latitude and longitude, a 

mean annual frequency of exceedance (MAFE) value is provided for each of the corresponding 

spectral acceleration values. The MAFE is equivalent to the inverse of return period. Every point 

of intersection within a given file uses the same set of spectral acceleration values, each point of 

intersection has its own set of MAFE values that correspond to the spectral acceleration values.  

 

The USGS, courtesy of Nicolas Luco, Research Structural Engineer, provided the authors of this 

report with two MATLAB functions that allow the user to specify a location with coordinates of 

latitude and longitude, and specify a return period for which MATLAB will output a corresponding 

value of spectral acceleration for the location to that specified return period. The two functions 

were combined into a MATLAB script and altered slightly to the preferences of the authors of this 

report. The core processes of the functions remain intact, and were written by Nicolas Luco. The 

two functions provided by Nicolas Luco can be found in Appendix Sections A.1 and A.2. The 

values used in this report do not contain the deterministic values that are used in the USGS 

applications near known active faults. Spectral acceleration values obtained using the seismic 

design maps in the AASHTO LRFD-BDS, or found through a USGS hazard application, have 

capped maximum values near known active faults, which will in some cases result in discrepancies 

between values obtained using the available seismic hazard data and those from the design maps 

found in AASHTO LRFD-BDS, or from the USGS applications. The deterministic capped ground 

motions are used in the seismic design maps when the value is smaller than the probabilistic value, 

thus using the probabilistic ground motions without the deterministic capping is more conservative 
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(Luco et al. 2007). The seismic hazard data was used in this report so spectral acceleration values 

could be determined for any desired return period and because of its availability on the USGS 

website.  

 

 

The MATLAB script functions were used as follows.  Each of the 100 locations outlined in Section 

3.2 have corresponding latitude and longitude coordinates. A given location has coordinates that 

place it on a grid between 4 points of intersection provided by the USGS file as seen in Figure 3-

2. A method known as bilinear interpolation is then performed between the 4 gridded points and 

the input location. The result is an array of MAFE values corresponding to the spectral acceleration 

values for a specified location. The equation for bilinear interpolation is given below (Steer 2010): 

 

 
Figure 3-2: Example illustration of two-dimensional interpolation. 

 

𝑀𝐴𝐹𝐸𝑗(𝐿𝐴𝑇, 𝐿𝑂𝑁) =
1

(𝐿𝐴𝑇1 − 𝐿𝐴𝑇0) ∗ (𝐿𝑂𝑁1 − 𝐿𝑂𝑁0)
∗ [𝑀𝐴𝐹𝐸(𝐿𝐴𝑇0, 𝐿𝑂𝑁0) ∗ (𝐿𝐴𝑇1− 𝐿𝐴𝑇) ∗ (𝐿𝑂𝑁1 − 𝐿𝑂𝑁)

+ 𝑀𝐴𝐹𝐸(𝐿𝐴𝑇1, 𝐿𝑂𝑁0) ∗ (𝐿𝐴𝑇 − 𝐿𝐴𝑇0) ∗ (𝐿𝑂𝑁1 − 𝐿𝑂𝑁) +𝑀𝐴𝐹𝐸(𝐿𝐴𝑇0, 𝐿𝑂𝑁1) ∗ (𝐿𝐴𝑇1 − 𝐿𝐴𝑇)

∗ (𝐿𝑂𝑁 − 𝐿𝑂𝑁0) +𝑀𝐴𝐹𝐸(𝐿𝐴𝑇1, 𝐿𝑂𝑁1) ∗ (𝐿𝐴𝑇 − 𝐿𝐴𝑇0) ∗ (𝐿𝑂𝑁 − 𝐿𝑂𝑁0)] 

 

where MAFEj(LAT, LON) is a MAFE value corresponding to one of the 19 to 20 given spectral 

accelerations.  Thus, the above equation must be used 19 to 20 times, depending on the number of 

spectral accelerations used in the interpolation, to form an array of values. The points LAT1, LAT0, 
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LON1, and LON0 are the latitude and longitude values for the 4 points of intersection. The 

coordinates LAT and LON are the latitude and longitude values for the input location. The values 

of MAFE(LAT0, LON0), MAFE(LAT1, LON0), MAFE(LAT0, LON1), and MAFE(LAT1, LON1) 

are the MAFE values for a given spectral acceleration of the 4 points of intersection. Once this has 

been completed for each spectral acceleration value (19 to 20 times depending on the file), linear 

interpolation is used between the inverse of the input return period (MAFEI), the MAFEj array of 

values for the location, and the given 19 to 20 spectral acceleration values. Due to the data being 

stored in a logarithmic scale, the natural logarithm of each component must be used in the final 

step of interpolation. The equation for linear interpolation is given below: (Walker 2016): 

 

ln(𝑆𝐴) = ln(𝑆𝐴𝑗) +
ln⁡(𝑀𝐴𝐹𝐸𝐼) − ln⁡(𝑀𝐴𝐹𝐸𝑗)

ln(𝑀𝐴𝐹𝐸𝑗+1) − ln(𝑀𝐴𝐹𝐸𝑗)
(ln(𝑆𝐴𝑗+1) − ln(𝑆𝐴𝑗)) 

𝑆𝐴 = 𝑒ln⁡(𝑆𝐴) 

where SA is the output spectral response acceleration value for the location, MAFEI is the inverse 

of the input return period, MAFEj and MAFEj+1 are the upper and lower bound MAFE values from 

the bilinear interpolation above, and SAj and SAj+1 are the spectral response accelerations 

corresponding with MAFEj and MAFEj+1. 

 

Note that for the response coefficients corresponding to permanent bridge design, a return period 

corresponding to a 5 percent probability of exceedance in 50 years was used instead of a 7 percent 

probability of exceedance in 75 years (which are equivalent for all practical purposes). During the 

preliminary stages of the report, a USGS java application was used to obtain directly spectral 

coefficients; this application did not have an option to obtain values corresponding to a 7 percent 

probability of exceedance in 75 years, but it could provide values corresponding to a 5 percent 

probability of exceedance in 50 years, which was used as an alternative.  Unfortunately, this java 

application became “disabled” by USGS during the conduct of this project and the more complex 

procedure outline above had to be used.  Note that the complexity of this procedure would be 

deemed by most structural engineers to exceed what is practical for the design of temporary bridge, 

which is why this study is investigating the possibility of developing constant reduction factors.  
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The spectral response coefficients given by interpolation of the seismic hazard data may 

subsequently be referred to as “obtained values,” as opposed to the spectral response coefficients 

calculated by the proposed method outlined in the next section, which may be referred to as 

“calculated values.”  

 

Note that both the 2002 and the 2014 USGS seismic hazard data sets truncated the data at a 

minimum peak ground acceleration of 0.05 g, a minimum short-period response acceleration of 

0.05 g, and a minimum long-period response acceleration of 0.025 g when generating hazard 

curves. A response acceleration below the truncated values cannot be obtained by interpolation. In 

this report for a given location that contains a spectral response coefficient that fails to meet the 

minimum acceleration value corresponding to that coefficient, the spectral response acceleration 

coefficient that fails to meet the minimum will not be considered in the analysis in Sections 4 and 

5. This does not mean that all spectral response coefficients at that location will be ignored, only 

the coefficients that do not meet the minimum acceleration values.  

 

3.4 The Spectral Reduction Factors 

The methodology used for calculating the three spectral reduction factors proceeds per the 

following steps, using the various parameters defined as follows. First, to reduce the peak ground 

acceleration from the value for a 7 percent probability of exceedance in 75 years (for permanent 

bridges) to that for the 10 percent probability of exceedance in 10 years (for temporary bridges), a 

peak ground acceleration spectral reduction factor is defined as follows: 

 

𝐴𝑆 =
𝑃𝐺𝐴75

𝐾𝑃𝐺𝐴𝐷
      (3-1) 

 

where AS is the design ground acceleration coefficient for temporary bridges, PGA75 is the peak 

ground acceleration coefficient corresponding to a 7 percent probability of exceedance in 75 

years, and KPGAD is the corresponding peak ground acceleration spectral reduction Factor.  

 

Second, a short-period spectral reduction factor is used to reduce the response spectral acceleration 

coefficient pertaining to the short-period as follows: 
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𝑆𝐷𝑆 =
𝑆𝑆−75

𝐾𝐷𝑆
      (3-2) 

 

where SDS is the design short-period response spectral acceleration coefficient for temporary 

bridges, SS-75 is the short-period response acceleration coefficient corresponding to a 7 percent 

exceedance in 75 years, and KDS is the short-period spectral reduction factor.  

 

A long-period spectral reduction factor is used to reduce the response spectral acceleration 

coefficient pertaining to long-period as follows: 

 

𝑆𝐷1 =
𝑆1−75

𝐾𝐷1
      (3-3) 

 

where SD1 is the design long-period response spectral acceleration for temporary bridges, S1-75 is 

the long-period response acceleration coefficient corresponding to a 7 percent exceedance in 75 

years, and KD1 is the long-period spectral reduction factor.  

 

Note that when using a reduced spectrum, it will be assumed that the specification given in Article 

3.6 of the LRFD-SBD still applies, namely that the Seismic Design Category of the bridge will be 

determined from the reduced spectrum used for the temporary bridge design, with the one 

exception that, “a temporary bridge classified in SDC B, C, or D based on the unreduced spectrum 

cannot be reclassified to SDC A based on the reduced/modified response spectrum.” It will be 

assumed that this provision similarly applies to the Seismic Performance Zones, defined in Article 

3.10.6 of the AASHTO LRFD-BDS, given that Seismic Performance Zones have almost identical 

defining criteria to the Seismic Design Categories defined in Article 3.5 of the AASHTO LRFD-

SBD. Thus, it will be assumed that a temporary bridge meeting the criteria for Seismic 

Performance Zone 2, 3, or 4 using the 1000 year return period, cannot be reclassified as Seismic 

Performance Zone 1 using the reduced response spectrum. This is not explicitly specified in Article 

3.10.10 of the AASHTO LRFD-BDS, the article governing seismic requirements for temporary 

bridges, but will be assumed for the proposed method in this report to provide continuity between 

AASHTO’s LRFD-SBD and LRFD-BDS. 
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Soil Site Class B, defined in Article 3.10.3.2 of the LRFD-BDS, was assumed for every location 

considered in this report, such as to ensure that the site factor at zero-period on acceleration 

spectrum, Fpga, the site factor for the short-period range, Fa, and the site factor for the long-period 

range, Fv, will all have a value of 1.0. This assumption has been made to eliminate the use of 

Equations 3.10.4.2-2, 3.10.4.2-3, and 3.10.4.2-6 given in Article 3.10.4.2 of the LRFD-BDS. 

 

3.5 Method of Calculating KPGA, KDS, and KD1  

Using the response spectral acceleration parameters retrieved from the USGS website, three 

separate spectral reduction ratios are calculated for each location. The spectral reduction ratios 

correspond to the coefficients PGA, SS, and S1, and will be used to derive the spectral reduction 

factors for the Seismic Groups. The first of these is the peak ground acceleration spectral reduction 

ratio, given by: 

 

𝐾𝑃𝐺𝐴 =
𝑃𝐺𝐴75

𝑃𝐺𝐴10
      (3-4) 

 

where PGA75 is the peak ground acceleration coefficient corresponding to a 7 percent probability 

of exceedance in 75 years obtained from interpolation, and PGA10 is the peak ground acceleration 

coefficient corresponding to a 10 percent probability of exceedance in 10 years. 

 

The second is the short-period spectral reduction ratio, KS, calculated as follows: 

 

𝐾𝑆 =
𝑆𝑆−75

𝑆𝑆−10
       (3-5) 

 

where SS-75 is the short-period acceleration coefficient corresponding to a 7 percent probability of 

exceedance in 75 years,, and SS-10 is the short-period acceleration coefficient corresponding to a 

10 percent probability of exceedance in 10 years.  

 

The third ratio is the long-period spectral reduction ratio, K1, given by: 
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𝐾1 =
𝑆1−75

𝑆1−10
      (3-6) 

 

where S1-75 is the long-period acceleration coefficient corresponding to a 7 percent probability of 

exceedance in 75 years, and S1-10 is the long-period acceleration coefficient corresponding to a 10 

percent probability of exceedance in 10 years. 

 

For each Seismic Group, the mean value of the peak ground acceleration spectral reduction ratio, 

KPGAμ, the mean value of the short-period spectral reduction ratio, KSμ, and the mean value of the 

long-period spectral reduction ratio, K1μ, are used here to establish a preliminary value for 

respective reduction factors corresponding to each group. To ensure conservatism, one standard 

deviation is subtracted from the mean value to obtain a design value for the group. One standard 

deviation is expected to be appropriate, and will be discussed in Section 4.9. For the Design Peak 

Ground Acceleration Reduction Factor: 

 

𝐾𝑃𝐺𝐴𝐷 = 𝐾𝑃𝐺𝐴𝜇 − 𝜎𝑃𝐺𝐴    (3-7) 

 

where KPGAD is the design peak ground acceleration reduction factor and σPGA is the sample 

standard deviation from KPGAμ. The design peak ground acceleration reduction factor will be used 

in Equation 3-1 to reduce the peak ground acceleration to values corresponding to a 10 percent 

probability of exceedance in 10 years. For the design short-period spectral reduction factor: 

 

𝐾𝐷𝑆 = 𝐾𝑆𝜇 − 𝜎𝑆     (3-8) 

 

where KDS is the design short-period spectral reduction factor and σS is the standard deviation from  
KSμ. This value of KDS will be used in Equation 3-2 to reduce the short-period response spectral 

acceleration coefficient. Likewise, the Long-Period Reduction Factor is calculated such that:  

 

𝐾𝐷1 = 𝐾1𝜇 − 𝜎1     (3-9) 
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where KD1 is the design long-period spectral reduction factor and σ1 is the sample standard 

deviation from K1μ. The value of KD1 will be used in Equation 3-3 to reduce the long-period 

spectral response acceleration coefficient to values corresponding to a 10 percent probability of 

exceedance in 10 years. 
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DESIGN REDUCTION FACTORS BY GEOGRAPHIC LOCATION 

Given the regional differences in seismic hazard curves outlined in Section 2.2, the following 

describes the method used here for defining Seismic Groups as a function of geographic location.  

 

The 100 locations considered (shown in Chapter 3) were divided into seven Seismic Groups. The 

boundaries for Group 1, Group 2, Group 3, and Group 4 were taken from Seismic Region 1, 

Region 2, Region 3, and Region 4 defined in Article 3.10.2.1 of the LRFD-BDS. The GPS 

coordinates of these bounds were taken from the seismic design maps found in Article 3.10.2.1 

of that document, with a minor alteration made to remove the area of overlap between Region 1 

and Region 2, and are listed in Table 4-1. These geographic regions were given special 

consideration here as they are seismically active regions relative to the rest of the country. 

 

 

Figure 4-1: Visual illustration of Seismic Groups 1 through 4. Graphic created with 

http://batchgeo.com and map data from Google. 

 

http://batchgeo.com/
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Table 4-1: Bounds for Seismic Groups 1 through 4 using latitude and longitude 

Group Latitude Longitude 

1 32°N to 39°N 

39°N to 43°N 

115°W to 125°W 

116°W to 125°W 

2 39°N to 44°N 109°W to 116°W 

3 34°N to 39°N 87°W to 92°W 

4 31°N to 35°N 77°W to 83°W 

 

As many of the 100 locations considered did not fall into Seismic Groups 1 through 4, the rest of 

the continental United States was divided into three additional Groups:  

 The Western Group, consisting of New Mexico, Colorado, Wyoming, Montana, Idaho 

Utah, Arizona, Nevada, California, Oregon, and Washington  

 The Central Group, consisting of North Dakota, South Dakota, Nebraska, Minnesota, 

Iowa, Kansas, Missouri, Oklahoma Arkansas, Texas, and Louisiana.  

 The Eastern Group, consisting of Wisconsin, Illinois, Mississippi, Michigan, Indiana, 

Kentucky, Tennessee, Alabama, Ohio, Georgia, Florida, Maine, New Hampshire, 

Vermont, Massachusetts, Rhode Island, Connecticut, New Jersey Delaware, Maryland, 

West Virginia, New York, Pennsylvania, Virginia, North Carolina, South Carolina, and 

Washington, D.C.  

 

The division by state for these three additional Seismic Groups is illustrated below in Figure 4-2.  

The seismic hazard data obtained for each location from the 2002 USGS seismic hazard data set 

can be found in Section 6.3, and the data obtained from the 2014 USGS seismic hazard data set 

can be found in Section 6.4. 
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Figure 4-2: Division of Seismic Groups by state. Graphic created with http://mapchart.net 

 

4.1 General Procedure for Each Group 

The results for each Seismic Group were determined using the same general procedure and are 

presented in sections 4.2 through 4.8 with the same general format. The results are presented for 

both the 2002 and 2014 USGS seismic hazard data sets. For comparison, the data sets are presented 

graphically in a side-by-side format.  

 

For each Seismic Group, the values of KPGA, KS, and K1 were calculated for each location, 

respectively using equations 3-4, 3-5, and 3-6. The first figure presented for each group, contains 

plots with trendlines corresponding to the group’s mean values for Kpga, KS, and K1. The first plot 

within the first figure gives each location’s peak ground acceleration corresponding to a 7 percent 

probability of exceedance in 75 years on the y-axis, and a location’s peak ground acceleration 

corresponding to a 10 percent probability of exceedance in 10 years on the x-axis. Similarly, the 

two additional plots within the first figure give each location’s short-period response acceleration 

value corresponding to a 7 percent probability of exceedance in 75 years on the y-axis and the 
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short-period response acceleration value corresponding to a 10 percent probability of exceedance 

in 10 years on the x-axis, and each location’s long-period response acceleration value 

corresponding to a 7 percent probability of exceedance in 75 years on the y-axis and the long-

period response acceleration value corresponding to a 10 percent probability of exceedance in 10 

years on the x-axis. A subsequent table gives each Seismic Groups mean value and standard 

deviation for Kpga, KS, and K1. As defined in equations 3-7, 3-8, and 3-9, a subtraction of one 

standard deviation from the mean gives the spectral reduction factors for each Seismic Group, ASD, 

SSD, and S1D. The three spectral reduction factors are the proposed alternative to using the USGS 

website for spectral response coefficient values corresponding to temporary bridge design.  

 

For each location, AASHTO’s three spectral response coefficients have been calculated using the 

proposed spectral reduction factors. In order to compare the values of the spectral response 

coefficients calculated using the proposed spectral reduction factors with the values obtained 

directly from the USGS seismic hazard data, the following ratios are used: 

 
𝐴𝑆𝐷

𝑃𝐺𝐴10
      (4-1) 

𝑆𝑆𝐷

𝑆𝑆−10
      (4-2) 

𝑆1𝐷

𝑆1−10
       (4-3) 

 

The spectral response coefficients given in the numerator of each ratio have been calculated using 

the proposed spectral reduction factors, the denominators contain the obtained values from the 

USGS seismic hazard data. Thus, a value greater than 1 given by either of 4-1, 4-2, or 4-3, is a 

conservative response spectra relative to the spectra obtained directly from the USGS website. 

Plots of the three ratios are shown in the second figure for each Seismic Group. A horizontal bold 

line in each plot is shown at the value of 1; points below the line indicate non-conservative 

calculated values relative to obtained values, in that the result is a calculated response spectrum 

smaller in magnitude than the obtained spectral response acceleration, and points above the line 

are conservative relative to obtained values in that the calculated gives a spectral response 

coefficient greater than the obtained value. The second table for each Seismic Group provides the 

design spectral reduction ratio for each coefficient. 
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Finally, a third figure is provided for each Seismic Group with the seismic design spectra 

comparing the average calculated seismic design spectrum and the average USGS obtained seismic 

design spectrum. The spectra were produced using the new seismic response coefficients following 

the procedure given in AASHTO LRFD-BDS Article 3.10.4.1, with an assumed designation of 

Site Class B.  

 

It should be noted that within each Seismic Group, only the spectral reduction factors remain the 

same for any two locations within the same Seismic Group. The acceleration parameters that are 

being reduced are identical to the ones that would be used at a location for permanent bridge design. 

Thus, being in the same Seismic Group does not mean an equivalent or similar probabilistic 

earthquake hazard. 
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4.2 Group 1 

Group 1 contains 14 of the 100 site locations considered. Results for those sites, obtained per the 

procedure outlined above, are presented below.  

 

 

 
Figure 4-3: Mean spectral ratios for Group 1: (A) spectral ratio for mean peak ground 

acceleration, KPGA; (B) spectral ratio for mean short-period response acceleration, KS; (C) 

spectral ratio for mean long-period response acceleration, K1. 

˗˗˗˗˗˗˗ 2002 Seismic Hazard Data 

˗˗˗˗˗˗˗ 2014 Seismic Hazard Data 
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Table 4-2: Mean spectral ratios for Group 1  

Parameter 2002 Value  2014 Value 

KPGAμ 2.935 3.619 

σPGA 0.464 1.083 

KSμ 3.021 3.766 

σS 0.475 1.121 

K1μ 2.992 3.787 

σ1 0.519 0.948 

 

 

 
Figure 4-4 : Comparison of calculated response spectra coefficient values versus obtained 

values for Group 1: (A) coefficient for peak ground acceleration calculated using KPGA – 

σPGA; (B) coefficient for short-period response acceleration calculated using Ksμ – σS; (C) 

coefficient for long-period response acceleration calculated using values K1μ – σ1. 

˗˗˗˗˗˗˗ 2002 Seismic Hazard Data 

˗˗˗˗˗˗˗ 2014 Seismic Hazard Data 
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Table 4-3: Spectral reduction factors for Group 1 

Parameter 2002  2014  

KPGAD 2.471 2.536 

KSD 2.546 2.645 

K1D 2.473 2.839 

 

 

 
Figure 4-5: Comparison of mean response spectra produced using calculated spectral 

reduction factors, and of mean response spectra produced using USGS obtained values for 

Group 1: (Left) 2002 USGS seismic hazard data; (Right) 2014 USGS seismic hazard data. 
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4.3 Group 2 

Group 2 contains 10 of the 100 site locations considered. Results for those sites, obtained per the 

procedure outlined above, are presented below.  

 

 

 
Figure 4-6: Mean spectral ratios for Group 2: (A) spectral ratio for mean peak ground 

acceleration, KPGA; (B) spectral ratio for mean short-period response acceleration, KS; (C) 

spectral ratio for mean long-period response acceleration, K1. 

  

˗˗˗˗˗˗˗ 2002 Seismic Hazard Data 

˗˗˗˗˗˗˗ 2014 Seismic Hazard Data 
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Table 4-4: Mean spectral ratios for Group 2 

Parameter 2002  2014  

Kpgaμ 3.776 5.061 

σpga 1.288 1.960 

KSμ 3.855 5.186 

σS 1.190 2.097 

K1μ 4.221 4.473 

σ1 1.573 2.144 

 

 

 
Figure 4-7: Comparison of calculated response spectra coefficient values versus obtained 

values for Group 2: (A) coefficient for peak ground acceleration calculated using KPGA – 

σPGA; (B) coefficient for short-period response acceleration calculated using Ksμ – σS; (C) 

coefficient for long-period response acceleration calculated using values K1μ – σ1. 

˗˗˗˗˗˗˗ 2002 Seismic Hazard Data 

˗˗˗˗˗˗˗ 2014 Seismic Hazard Data 
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Table 4-5: Spectral reduction factors for Group 2 

Parameter 2002  2014  

KPGAD 2.488 3.101 

KSD 2.665 3.089 

K1D 2.648 2.329 

 

 
Figure 4-8: Comparison of mean response spectra produced using calculated spectral 

reduction factors, and of mean response spectra produced using USGS obtained values for 

Group 2: (Left) 2002 USGS seismic hazard data; (Right) 2014 USGS seismic hazard data. 
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4.4 Group 3 

Group 3 contains 10 of the 100 site locations considered. Results for those sites, obtained per the 

procedure outlined above, are presented below. 

 

 

 
Figure 4-9: Mean spectral ratios for Group 3: (A) spectral ratio for mean peak ground 

acceleration, KPGA; (B) spectral ratio for mean short-period response acceleration, KS; (C) 

spectral ratio for mean long-period response acceleration, K1. 

˗˗˗˗˗˗˗ 2002 Seismic Hazard Data 

˗˗˗˗˗˗˗ 2014 Seismic Hazard Data 
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Table 4-6: Mean spectral ratios for Group 3 

Parameter 2002  2014  

KPGAμ 10.709 7.697 

σPGA 4.241 1.598 

KSμ 9.585 7.035 

σS 3.436 1.429 

K1μ 12.164 9.980 

σ1 4.624 2.332 

 

 

 
Figure 4-10: Comparison of calculated response spectra coefficient values versus obtained 

values for Group 3: (A) coefficient for peak ground acceleration calculated using KPGA – 

σPGA; (B) coefficient for short-period response acceleration calculated using Ksμ – σS; (C) 

coefficient for long-period response acceleration calculated using values K1μ – σ1. 

˗˗˗˗˗˗˗ 2002 Seismic Hazard Data 

˗˗˗˗˗˗˗ 2014 Seismic Hazard Data 
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Table 4-7: Spectral reduction factors for Group 3 

Parameter 2002  2014  

KPGAD 6.468 6.100 

KSD 6.149 5.606 

K1D 7.540 7.648 

 

 
Figure 4-11: Comparison of mean response spectra produced using calculated spectral 

reduction factors, and of mean response spectra produced using USGS obtained values for 

Group 3: (Left) 2002 USGS seismic hazard data; (Right) 2014 USGS seismic hazard data. 
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4.5 Group 4 

Group 4 contains 10 of the 100 site locations considered.  Results for those sites, obtained per the 

procedure outlined above, are presented below. 

 

 
Figure 4-12: Mean spectral ratios for Group 4: (A) spectral ratio for mean peak ground 

acceleration, KPGA; (B) spectral ratio for mean short-period response acceleration, KS; (C) 

spectral ratio for mean long-period response acceleration, K1. 

˗˗˗˗˗˗˗ 2002 Seismic Hazard Data 

˗˗˗˗˗˗˗ 2014 Seismic Hazard Data 
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Table 4-8: Mean spectral ratios for Group 4 

Parameter 2002  2014  

KPGAμ 11.164 7.825 

σPGA 6.176 4.249 

KSμ 10.137 7.172 

σS 4.825 3.632 

K1μ 10.633 7.465 

σ1 4.257 3.075 

 

 

 
Figure 4-13: Comparison of calculated response spectra coefficient values versus obtained 

values for Group 4: (A) coefficient for peak ground acceleration calculated using KPGA – 

σPGA; (B) coefficient for short-period response acceleration calculated using Ksμ – σS; (C) 

coefficient for long-period response acceleration calculated using values K1μ – σ1. 

˗˗˗˗˗˗˗ 2002 Seismic Hazard Data 

˗˗˗˗˗˗˗ 2014 Seismic Hazard Data 
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Table 4-9: Spectral reduction factors for Group 4 

Parameter 2002  2014  

KPGAD 4.987 3.576 

KSD 5.312 3.540 

K1D 6.376 4.389 

 

 

 
Figure 4-14: Comparison of mean response spectra produced using calculated spectral 

reduction factors, and of mean response spectra produced using USGS obtained values for 

Group 4: (Left) 2002 USGS seismic hazard data; (Right) 2014 USGS seismic hazard data.  
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4.6 Western Group 

The Western Group contains 17 of the 100 site locations considered.  Results for those sites, 

obtained per the procedure outlined above, are presented below. 

 

 
Figure 4-15: Mean spectral ratios for the Western Group: (A) spectral ratio for mean peak 

ground acceleration, KPGA; (B) spectral ratio for mean short-period response acceleration, 

KS; (C) spectral ratio for mean long-period response acceleration, K1. 

˗˗˗˗˗˗˗ 2002 Seismic Hazard Data 

˗˗˗˗˗˗˗ 2014 Seismic Hazard Data 
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Table 4-10: Mean spectral ratios for the Western Group 

Parameter 2002  2014  

KPGAμ 3.953 5.095 

σPGA 1.168 1.528 

KSμ 4.097 5.149 

σS 1.025 1.616 

K1μ 4.529 4.969 

σ1 1.332 1.869 

 

 

 
Figure 4-16: Comparison of calculated response spectra coefficient values versus obtained 

values for the Western Group: (A) coefficient for peak ground acceleration calculated 

using KPGA – σPGA; (B) coefficient for short-period response acceleration calculated using 

˗˗˗˗˗˗˗ 2002 Seismic Hazard Data 

˗˗˗˗˗˗˗ 2014 Seismic Hazard Data 
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Table 4-11: Spectral reduction factors for the Western Group 

Parameter 2002  2014  

KPGAD 2.785 3.568 

KSD 3.072 3.533 

K1D 3.197 3.100 

 

 

 
Figure 4-17: Comparison of mean response spectra produced using calculated spectral 

reduction factors, and of mean response spectra produced using USGS obtained values for 

the Western Group: (Left) 2002 USGS seismic hazard data; (Right) 2014 USGS seismic 

hazard data. 
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4.7 Central Group 

The Central Group contains 18 of the 100 site locations considered.  Results for those sites, 

obtained per the procedure outlined above, are presented below. For the 2002 seismic hazard data, 

a total of 13 site locations are below the minimum peak ground acceleration, 4 site locations are 

below the minimum short-period response acceleration, and 6 site locations are below the 

minimum long-period response acceleration. For the 2014 seismic hazard data, 11 site locations 

are below the minimum peak ground acceleration, 3 site locations are below the minimum short-

period response acceleration, and 4 site locations are below the minimum long-period response 

acceleration. As previously stated, values below the minimum were not considered in analysis.  

 

 
Figure 4-18: Mean spectral ratios for the Central Group: (A) spectral ratio for mean peak 

ground acceleration, KPGA; (B) spectral ratio for mean short-period response acceleration, 

KS; (C) spectral ratio for mean long-period response acceleration, K1. 

˗˗˗˗˗˗˗ 2002 Seismic Hazard Data 

˗˗˗˗˗˗˗ 2014 Seismic Hazard Data 
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Table 4-12: Mean spectral ratios for the Central Group 

Parameter 2002  2014  

KPGAμ 7.841 5.500 

σPGA 2.530 1.512 

KSμ 6.923 5.026 

σS 1.434 0.870 

K1μ 7.064 6.541 

σ1 1.510 0.994 

 

 

 
Figure 4-19: Comparison of calculated response spectra coefficient values versus obtained 

values for the Central Group: (A) coefficient for peak ground acceleration calculated using 

KPGA – σPGA; (B) coefficient for short-period response acceleration calculated using Ksμ – 

σS; (C) coefficient for long-period response acceleration calculated using values K1μ – σ1. 

˗˗˗˗˗˗˗ 2002 Seismic Hazard Data 

˗˗˗˗˗˗˗ 2014 Seismic Hazard Data 



 

51 

 

Table 4-13: Spectral reduction factors for the Central Group 

Parameter 2002  2014  

KPGAD 5.312 3.988 

KSD 5.489 4.156 

K1D 5.553 5.547 

 

 

 

 
Figure 4-20: Comparison of mean response spectra produced using calculated spectral 

reduction factors, and of mean response spectra produced using USGS obtained values for 

the Central Group: (Left) 2002 USGS seismic hazard data; (Right) 2014 USGS seismic 

hazard data. 
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4.8 Eastern Group 

The Eastern Group contains 21 of the 100 site locations considered.  Results for those sites, 

obtained per the procedure outlined above, are presented below. For the 2002 USGS seismic 

hazard data, a total of 4 site locations are below the minimum peak ground acceleration, 1 site 

location is below the minimum short-period response acceleration, and 1 location is below the 

minimum long-period response acceleration. For the 2014 USGS seismic hazard data, 2 site 

locations are below the minimum peak ground acceleration, 1 site location is below the minimum 

short-period response acceleration, and 1 site location is below the minimum long period response 

acceleration. As previously stated, values below the minimum will not be considered for analysis.  

 

 
Figure 4-21: Mean spectral ratios for the Eastern Group: (A) spectral ratio for mean peak 

ground acceleration, KPGA; (B) spectral ratio for mean short-period response acceleration, 

KS; (C) spectral ratio for mean long-period response acceleration, K1. 

˗˗˗˗˗˗˗ 2002 Seismic Hazard Data 

˗˗˗˗˗˗˗ 2014 Seismic Hazard Data 
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Table 4-14: Mean spectral ratios for the Eastern Group 

Parameter 2002  2014  

KPGAμ 6.665 5.347 

σPGA 1.827 1.157 

KSμ 6.063 4.751 

σS 1.205 0.800 

K1μ 5.978 4.974 

σ1 0.865 0.707 

 

 

 
Figure 4-22: Comparison of calculated response spectra coefficient values versus obtained 

values for the Eastern Group: (A) coefficient for peak ground acceleration calculated using 

KPGA – σPGA; (B) coefficient for short-period response acceleration calculated using Ksμ – 

σS; (C) coefficient for long-period response acceleration calculated using values K1μ – σ1. 

˗˗˗˗˗˗˗ 2002 Seismic Hazard Data 

˗˗˗˗˗˗˗ 2014 Seismic Hazard Data 
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Table 4-15: Spectral reduction factors for the Eastern Group 

Parameter 2002  2014  

KPGAD 4.838 4.189 

KSD 4.858 3.951 

K1D 5.113 4.267 

 

 
Figure 4-23: Comparison of mean response spectra produced using calculated spectral 

reduction factors, and of mean response spectra produced using USGS obtained values for 

the Eastern Group: (Left) 2002 USGS seismic hazard data; (Right) 2014 USGS seismic 

hazard data. 

 

4.9 Observations 

The spectral reduction factors for Group 1 derived from the 2002 USGS hazard data, given in 

Table 4-3, align closely with the spectral reduction limit of 2.5 for temporary bridge design 

specified in Article 3.6 of the LRFD-SBD. Intuitively, this makes sense considering that the vast 

majority of California resides within the confines of Group 1, the role that Caltrans has played in 

the development of the LRFD-SBD, and the fact that considering the 100 year return period for 

temporary bridge design as done in this report was borrowed from Caltrans Memo to Designers 

20-2 (Caltrans 2011). The spectral reduction factors derived from the 2014 USGS hazard data for 

Group 1, also provided in Table 4-3, are slightly higher at 2.67, but suggest that conservative 

results still be obtained with the limit of 2.5.  
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The spectral reduction factors of 2.6 and 2.84 for the 2002 and 2014 USGS hazard data for Group 

2, which borders Group 1, also roughly correspond with the limit of 2.5. Shown below in Table 4-

16 are the average spectral reduction factor values of the three Seismic Groups in the western half 

of the United States.  Values are somewhat higher when considering the other western states, at 

3.02 and 3.4 respectively for the 2002 and 2014 USGS data.  This seems to suggest that the current 

reduction limit of 2.5 employed by the LRFD-SBD is appropriate for the western United States. 

 

Table 4-16: West coast Seismic Groups mean value of the three spectral reduction factors 

Seismic Group 2002  2014  

Group 1 2.50 2.67 

Group 2 2.60 2.84 

Western Group 3.02 3.40 

 

Unlike the seismically active regions found on the west coast, the spectral ratios observed in 

Seismic Groups 3 and 4 indicate a considerably larger variation in maximum probable ground 

motion between return periods for seismically active areas on the east coast in comparison with 

those on the west coast. This is a consequence of the fact that strong ground motion has occurred 

on the east coast (e.g., the 1886 Charleston, South Carolina, earthquake (Obermeier et al. 1985)) 

and can be felt over a great area in comparison to the western United States (Bollinger 1973; NHI 

2014), but the frequency of such large magnitude earthquake occurrence is lower in the eastern 

United States in comparison with the west (Algermissen 1969). 

 

One interesting observation is the slightly smaller standard deviation from the mean spectral ratio 

of the Eastern Group for the 2014 USGS hazard data in comparison with Group 1. This is 

somewhat unexpected given the greater geographic area covered by the Eastern Group, the lower 

seismicity on the east coast earthquake, and the close proximity to known active faults of the site 

locations in Group 1.  While there has been an increase in variation for spectral ratios between the 

2002 and 2014 hazard data for Group 1, it is not clear why this has led to a decrease in variation 

in the results obtained for the Eastern Group. Spectral ratios between return periods generally 

increased for Seismic Groups in the western United States between the 2002 and 2014 data set, 

and decreased for the Seismic Groups in the central and eastern United States. One possible 
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explanation for the decrease in spectral ratios found in eastern and central Seismic Groups, in 

addition to the updated probabilistic modeling methodology used by the USGS, is the recent 

increase in earthquakes of magnitude 3 or greater in the eastern United States (Petersen et al. 2014). 

Additionally, ground motion equations for spectral periods decay more quickly in the central and 

eastern United States with the updated methodology (Petersen et al. 2014). 

 

The results indicate that spectral reduction factors should be obtained specific to the seismic hazard 

data set used for design. For each group, discrepancies between mean spectral reduction ratios 

between the 2002 and 2014 seismic hazard data set are evident but none more prominent than in 

Seismic Group 4, given in Table 4-9. These discrepancies are the result of different seismic hazard 

curves which differ between editions of seismic hazard data sets due to a longer catalogued seismic 

history being used for more recent hazard data sets, as well as the use of updated methods for 

modeling ground motion and event probability (Petersen et al. 2014). Additionally, the previously 

mentioned variations in regional earthquake rates occur over periods of time. A visual illustration 

of the hazard curves for peak ground acceleration are given below in Figure 4-24 for both the 2002 

and 2014 USGS seismic hazard data.  

 

 

 
Figure 4-24: Seismic Group hazard curves for peak ground acceleration: (Left) 2002 USGS 

Seismic Hazard Set; (Right) 2014 USGS Seismic Hazard Set. 

 

The results using values reduced by one standard deviation from each Seismic Group’s mean 

spectral ratio appear appropriate when examining Figures 4-4, 4-7, 4-10, 4-13, 4-16, 4-19, and 4-
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22, with spectral reduction factors achieving a conservative reduction in most instances. While 

Seismic Groups with lower variations from mean spectral ratio values corresponded more closely 

with the spectral reduction factors and thus achieved a more accurate spectral reduction, Seismic 

Groups with larger variations from mean spectral values had large standard deviations which 

were subtracted from the mean to ensure conservative spectral reduction. The largest standard 

deviations were observed in Seismic Groups 3 and 4, with a mean standard deviation of 4.10 for 

Seismic Group 3 and a mean standard deviation of 5.09 for Seismic Group 4 using the 2002 

hazard data. Despite the relatively large standard deviations, conservative spectral reduction is 

apparent when examining Figure 4-10 and Figure 4-13. The relatively large variations found in 

Seismic Groups 3 and 4 result in greater subtractions from mean spectral ratio values when using 

equations 3-7, 3-8, and 3-9 to obtain Seismic Group spectral reduction factors. This effect can be 

observed in Figure 4-10, where the calculated response spectra coefficients are greater than 

USGS obtained response spectra coefficients in 9 of the 10 site locations for both the 2002 and 

2014 hazard sets for Seismic Group 3. A similar effect is observed in Figure 4-13, where 

comparing calculated versus obtained spectral response coefficients, all 10 site locations have 

greater calculated spectral response coefficients for peak ground acceleration, short-period 

response, and long-period response with the 2014 hazard data for Seismic Group 4. With the 

2002 hazard data, all 10 site locations in Seismic Group 4 have greater calculated peak ground 

accelerations, and 9 of 10 have greater short-period and long-period response coefficients. 

 

The spectral ratio between the 1000 year return period and the 100 year return period is observed 

to increase from west to east across the continental United States reflecting the greater variation 

between return periods exhibited in site locations for the Seismic Groups in the central and 

eastern United States. This is not unexpected given previous seismic hazard curve observations 

(Judd and Charney 2014). The trend of increasing spectral ratio from west to east correlates more 

closely with the 2002 USGS hazard data set. Shown below in Figure 4-25 is a plot of the average 

of the three spectral ratios KPGA, KS, and K1 as a function of longitude.   
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Figure 4-25: Spectral ratio as a function of longitude for the 100 site locations: (Left) 

corresponding to the 2002 USGS seismic hazard data; (Right) corresponding to the 2014 

USGS seismic hazard data. 

 

Considering the lateral variation in spectral ratios with longitude across the continental United 

States, the corresponding spectral reduction factor values between the Eastern Seismic Group, 

Central Seismic Group, Seismic Group 3, and Seismic Group 4, as well as the corresponding 

spectral reduction factor values exhibited between the three west coast Seismic Groups, the 

results seem to suggest that one different spectral reduction factor can be used for the western 

United States and one for the central and eastern United States. With the understanding that 

simplicity is likely desired from engineers who chose not to obtain a spectrum from the USGS 

website, it is proposed here to use one spectral reduction factor for the western United States, and 

one for the central and eastern United States. The western United States is in this case the 

Seismic Groups 1 and 2 as well as the Western Group, with Seismic Groups 3 and 4 along with 

the Central and Eastern Groups being considered as the central and eastern United States. As a 

further simplification, it is proposed to use a single factor to reduce all three of the design 

parameters, PGA, SS, and S1. 

 

As previously mentioned in this section, a single spectral reduction factor of 2.5 seems 

appropriate for the western United States irrespective of whether it is applied to seismic maps 

derived from the 2002 or the 2014 hazard data set. For the 2014 seismic hazard data, a 

conservative spectral reduction is obtained for every examined point in the western United States 
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using a reduction value of 2.5. Using the spectral reduction factor of 2.5 for the western United 

States with the 2002 seismic hazard data, results in a conservatively reduced spectra with the 

following exceptions: 

 An unconservative reduction of the peak ground acceleration by 10.93% (San Jose) and 

10.72% (Sacramento) 

 An unconservative reduction of the short-period response acceleration coefficient by 

7.2% (San Jose) and 6.42% (Sacramento) 

 An unconservative reduction of the long-period response acceleration coefficient by 9.2% 

(Sacramento) and 3.09% (Modesto) 

 

For the central and eastern United States, a single spectral reduction factor of 3.75 would 

conservatively reduce the peak ground acceleration, the short-period response acceleration 

coefficient, and the long-period response acceleration coefficient for every site location with 

both the 2002 and 2014 USGS hazard data set, with the exception of one site (Atlanta, Georgia) 

when using 2014 hazard data for which the value would be 7.11% and 11.51% unconservative 

respectively for the peak ground acceleration and the short-period response coefficient. 

 

Figures 4-26 and 4-27 illustrate the comparison of spectral response coefficients calculated using 

the proposed spectral reduction factors of 2.5 for the western United States and 3.75 for the 

central and eastern United States, with the alternative USGS obtained spectral response 

coefficients. The vertical axis of these figures shows the calculated peak ground acceleration, AS, 

short-period response acceleration coefficient, SDS, and long-period response acceleration 

coefficient, SD1, divided by the respective obtained peak ground acceleration, PGA10, short-

period response acceleration coefficient, SS-10, and long-period response acceleration coefficient, 

S1-10. A bold line is shown at the value of 1, with points above the line representing a 

conservative reduction of the response spectra using the spectral reduction factors, and points 

below the line representing an unconservative reduction. The Figure 4-26 was generated with the 

2002 USGS seismic hazard data, and Figure 4-27 with the 2014 USGS seismic hazard data. 
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Figure 4-26: For the 2002 USGS seismic hazard data, a comparison of calculated response 

spectra coefficient values versus obtained values using a spectral reduction factor of 2.5 for 

the western United states and 3.75 for the central and eastern United States: (A) coefficient 

for peak ground acceleration; (B) coefficient for short-period response acceleration; (C) 

coefficient for long-period response acceleration. 
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Figure 4-27: For the 2014 USGS seismic hazard data, a comparison of calculated response 

spectra coefficient values versus obtained values using a spectral reduction factor of 2.5 for 

the western United states and 3.75 for the central and eastern United States: (A) coefficient 

for peak ground acceleration; (B) coefficient for short-period response acceleration; (C) 

coefficient for long-period response acceleration. 
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DESIGN REDUCTION FACTORS BY AASHTO SEISMIC 

PERFORMANCE ZONE 

The second method of categorization considered here is based upon AASHTO’s Seismic 

Performance Zones defined in Article 3.10.6 of the LRFD-BDS. In the approach followed below, 

the same 100 locations determined previously are again divided into four separate groups, but 

different ones. Here, the defining criteria for Seismic Performance Zones 1 to 4 are used for Groups 

A to B, respectively.  While AASHTO’s Seismic Performance Zones are determined by the design 

value of the long-period response acceleration parameter, a Site Class of B is assumed within this 

report so the value of S1-75 for each location is used for classification.  

 

This section explores the relationship between site locations grouped by magnitude of the long-

period response acceleration parameter, and the Seismic Group’s mean spectral reduction ratios 

for each of the three parameters. In this section, due to variations in long-period response 

acceleration coefficient values between USGS data sets, the number of locations that are in each 

group are not necessarily equal for the 2002 seismic hazard data and the 2014 seismic hazard data. 

This method of categorization is separate and distinct from the method used in Section 4. The 

bounds for Groups A through D are given below in Table 4-1. 

 

Table 5-1: Group by Seismic Performance Zone (from LRFD-BDS Table 3.10.6-1) 

Group Long-Period Acceleration (g) 

A S1  ≤ 0.15 

B 0.15 < S1 ≤ 0.30 

C 0.30 < S1 ≤ 0.50 

D 0.50 < S1 
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5.1 General Procedure for Each Group 

The same procedure and presentation of data outlined in Section 4.1 is followed in Section 5.2 

through Section 5.5. While the criteria defining each Seismic Group has changed from Section 4 

to Section 5, all other operations remain the same. The spectral ratios and seismic reduction factors 

are obtained using the same procedure.  
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5.2 Group A 

Group A contains 76 of the 100 site locations considered for the 2002 USGS seismic hazard data, 

and 78 of the 100 site locations considered for the 2014 USGS seismic hazard data. Results for 

those sites, obtained per the procedure outlined above, are presented below. For the 2002 seismic 

hazard data, a total of 17 site locations are below the minimum peak ground acceleration, 5 site 

locations are below the minimum short-period response acceleration, and 7 site locations are below 

the minimum long-period response acceleration. For the 2014 seismic hazard data, 13 site locations 

are below the minimum peak ground acceleration, 4 site locations are below the minimum short-

period response acceleration, and 5 site locations are below the minimum long-period response 

acceleration. As previously stated, values below the minimum were not considered in analysis.  

 

 
Figure 5-1: Mean spectral ratios for Group A: (A) spectral ratio for mean peak ground 

acceleration, KPGA; (B) spectral ratio for mean short-period response acceleration, KS; (C) 

spectral ratio for mean long-period response acceleration, K1. 

˗˗˗˗˗˗˗ 2002 Seismic Hazard Data 

˗˗˗˗˗˗˗ 2014 Seismic Hazard Data 
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Table 5-2: Mean spectral ratios for Group A 

Parameter 2002 Value 2014 Value 

KPGAμ 6.304 5.612 

σPGA 2.880 2.195 

KSμ 6.054 5.210 

σS 2.257 1.751 

K1μ 6.378 5.637 

σ1 2.460 2.085 

 

 

 
Figure 5-2: Comparison of calculated response spectra coefficient values versus obtained 

values for Group A: (A) coefficient for peak ground acceleration calculated using KPGA – 

σPGA; (B) coefficient for short-period response acceleration calculated using Ksμ – σS; (C) 

coefficient for long-period response acceleration calculated using values K1μ – σ1. 

˗˗˗˗˗˗˗ 2002 Seismic Hazard Data 

˗˗˗˗˗˗˗ 2014 Seismic Hazard Data 



 

67 

 

Table 5-3: Spectral reduction factors for Group A 

Parameter 2002 Value 2014 Value 

KPGAD 3.424 3.416 

KSD 3.797 3.459 

K1D 3.918 3.553 

 

 
Figure 5-3: Comparison of mean response spectra produced using calculated spectral 

reduction factors, and of mean response spectra produced using USGS obtained values for 

Group A: (Left) 2002 USGS seismic hazard data; (Right) 2014 USGS seismic hazard data. 

  



 

68 

 

 

5.3 Group B 

Group B contains 13 of the 100 site locations considered for the 2002 USGS seismic hazard data, 

and 16 of the 100 site locations considered for the 2014 USGS seismic hazard data. Results for 

those sites, obtained per the procedure outlined above, are presented below.  

 

 

 
Figure 5-4: Mean spectral ratios for Group B: (A) spectral ratio for mean peak ground 

acceleration, KPGA; (B) spectral ratio for mean short-period response acceleration, KS; (C) 

spectral ratio for mean long-period response acceleration, K1. 

 

˗˗˗˗˗˗˗ 2002 Seismic Hazard Data 

˗˗˗˗˗˗˗ 2014 Seismic Hazard Data 
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Table 5-4: Mean spectral ratios for Group B 

Parameter 2002 Value 2014 Value 

KPGAμ 8.374 6.201 

σPGA 7.828 2.805 

KSμ 7.640 6.185 

σS 6.214 2.615 

K1μ 8.811 7.135 

σ1 7.288 3.689 

 

 

 
Figure 5-5: Comparison of calculated response spectra coefficient values versus obtained 

values for Group B: (A) coefficient for peak ground acceleration calculated using KPGA – 

σPGA; (B) coefficient for short-period response acceleration calculated using Ksμ – σS; (C) 

coefficient for long-period response acceleration calculated using values K1μ – σ1. 

˗˗˗˗˗˗˗ 2002 Seismic Hazard Data 

˗˗˗˗˗˗˗ 2014 Seismic Hazard Data 
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Table 5-5: Spectral reduction factors for Group B 

Parameter 2002 Value 2014 Value 

KPGAD 0.546 3.396 

KSD   1.426 3.570 

K1D 1.523 3.446 

 

 
Figure 5-6: Comparison of mean response spectra produced using calculated spectral 

reduction factors, and of mean response spectra produced using USGS obtained values for 

Group B: (Left) 2002 USGS seismic hazard data; (Right) 2014 USGS seismic hazard data. 
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5.4 Group C 

Group C contains 6 of the 100 site locations considered for the 2002 USGS seismic hazard data, 

and 6 of the 100 site locations considered for the 2014 USGS seismic hazard data. Results for 

those sites, obtained per the procedure outlined above, are presented below.  

 

 

 
Figure 5-7: Mean spectral ratios for Group C: (A) spectral ratio for mean peak ground 

acceleration, KPGA; (B) spectral ratio for mean short-period response acceleration, KS; (C) 

spectral ratio for mean long-period response acceleration, K1. 

 

˗˗˗˗˗˗˗ 2002 Seismic Hazard Data 

˗˗˗˗˗˗˗ 2014 Seismic Hazard Data 
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Table 5-6: Mean spectral ratios for Group C  

Parameter 2002 Value 2014 Value 

KPGAμ 3.811 3.206 

σPGA 1.470 0.380 

KSμ 3.836 3.347 

σS 1.417 0.393 

K1μ 4.029 3.674 

σ1 1.980 0.360 

 

 

 
Figure 5-8: Comparison of calculated response spectra coefficient values versus obtained 

values for Group C: (A) coefficient for peak ground acceleration calculated using KPGA – 

σPGA; (B) coefficient for short-period response acceleration calculated using Ksμ – σS; (C) 

coefficient for long-period response acceleration calculated using values K1μ – σ1. 

˗˗˗˗˗˗˗ 2002 Seismic Hazard Data 

˗˗˗˗˗˗˗ 2014 Seismic Hazard Data 
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Table 5-7: Spectral reduction factors for Group C 

Parameter 2002 Value 2014 Value 

KPGAD 2.342 2.826 

KSD 2.419 2.954 

K1D 2.049 3.314 

 
Figure 5-9: Comparison of mean response spectra produced using calculated spectral 

reduction factors, and of mean response spectra produced using USGS obtained values for 

Group C: (Left) 2002 USGS seismic hazard data; (Right) 2014 USGS seismic hazard data. 
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5.5 Group D 

Group D contains 5 of the 100 site locations considered for the 2002 USGS seismic hazard data, 

and none of the site locations considered for the 2014 USGS seismic hazard data. Results for those 

sites, obtained per the procedure outlined above, are presented below.  

 
Figure 5-10: Mean spectral ratios for Group D: (A) spectral ratio for mean peak ground 

acceleration, KPGA; (B) spectral ratio for mean short-period response acceleration, KS; (C) 

spectral ratio for mean long-period response acceleration, K1. 
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Table 5-8: Mean spectral ratios for Group D  

Parameter 2002 Value 

KPGAμ 2.721 

σPGA 0.297 

KSμ 2.752 

σS 0.256 

K1μ 2.929 

σ1 0.437 

 

 

 
Figure 5-11: Comparison of calculated response spectra coefficient values versus obtained 

values for Group D: (A) coefficient for peak ground acceleration calculated using KPGA – 

σPGA; (B) coefficient for short-period response acceleration calculated using Ksμ – σS; (C) 

coefficient for long-period response acceleration calculated using values K1μ – σ1. 
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Table 5-9: Spectral reduction factors for Group D 

Parameter 2002 Value 

KPGAD 2.424 

KSD 2.495 

K1D 2.491 

 

 

 

 
Figure 5-12: Comparison of mean response spectra produced using calculated spectral 

reduction factors, and of mean response spectra produced using USGS obtained values 

from the 2002 hazard data set for Group D. 
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5.6 Observations 

Spectral ratios correspond closely with one another within Group C for the 2014 USGS seismic 

hazard data and within Group D for the 2002 USGS seismic hazard data, evident by the relatively 

small standard deviations given in Tables 5-7 and 5-8. The observed convergence of spectral ratios 

might lead one to conclude that spectral ratios between site locations converge at higher 

magnitudes of long-period acceleration parameters, but it should be noted that five of the six site 

locations corresponding with Group C for 2014 hazard data set are located in California (the 

exception being Reno, Nevada) and site locations corresponding with Group D for the 2002 hazard 

data set are all located in California. Thus, the convergence of spectral ratios in Groups C and D 

may be related to the site locations geographical proximity instead of similar magnitude long-

period response acceleration values. For the site locations corresponding with Group C for 2002 

hazard data set, four of the six locations are in California (Reno, Nevada and Salt Lake City, Utah 

are the exceptions). If the furthest geographical outlier, Salt Lake City, is removed from the group 

the result is notably smaller standard deviations of mean spectral values given below in Table 5-

10. 

Table 5-10: Mean spectral ratios for Group C using the 2002 USGS hazard data set, 

without the site location in Salt Lake City, Utah 

Parameter 2002 Value 

KPGAμ 3.236 

σPGA 0.471 

KSμ 3.281 

σS 0.449 

K1μ 3.236 

σ1 0.429 

 

In Figure 5-6, the plot of the mean calculated seismic response spectrum using the 2002 USGS 

seismic hazard data begins with a declining slope from the peak ground acceleration, meaning the 

peak ground acceleration is greater than the short-period response acceleration coefficient. This 

observation is unusual for response spectra and is the result of spectral reduction factor of 0.546 

being less than one. A spectral reduction factor less than one results in a response spectrum for 
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temporary bridge design greater in magnitude than the response spectrum used for permanent 

bridge design. This increase in response spectrum despite a smaller return period suggests that a 

one standard deviation reduction from the group mean spectral ratio is too conservative for Group 

B when using the 2002 USGS seismic hazard data set. All three spectral reduction factors 

calculated for Group B using the 2002 USGS seismic hazard data are well below the spectral 

reduction limit of 2, specified by the LRFD-BDS, and 2.5, specified by the LFRD-SBD. The 

conservative spectral reduction factors are the result of large standard deviations of spectral ratios 

exhibited in Group B. The effect of the conservative spectral reduction factors is evident when 

looking at Figure’s 5-5-A, 5-5-B, and 5-5-C, with calculated spectral response coefficients all 

significantly above obtained values represented by the bold line at one.   

 

Given below in Figure 5-13 is spectral ratio as a function of long-period response acceleration. 

 

 
Figure 5-13: Spectral ratio as a function of long-period response acceleration coefficient 

corresponding to a 7 percent probability of exceedance in 75 years for the 100 site 

locations: (Left) corresponding to the 2002 USGS seismic hazard data; (Right) 

corresponding to the 2014 USGS seismic hazard data. 

 

In Section 4.9 a trend of increasing spectral ratio as one moves from west to east across the United 

States was observed, seen in Figure 4-25. Looking closely at Figure 5-13 no clear trend between 

spectral ratio and long-period response acceleration exists up until long-period response 

accelerations greater than about 0.3 g. For long-period response accelerations greater than 0.3 g, 
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spectral ratios converge at values of 2.5 to 3 for the 2002 USGS seismic hazard data, and spectral 

ratio values of 3 to 4 for the 2014 USGS seismic hazard data. In comparing Figure 4-25 and Figure 

5-13, a linear trend is more apparent when spectral ratio is a function of longitude than when it is 

a function of long-period response acceleration. Given a more distinct trend between spectral ratio 

and geographic location, it is not recommended that spectral reduction factors be determined based 

upon magnitude of long-period response acceleration. 
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SPECTRAL REDUCTION EXAMPLE 

6.1 Introduction 

The purpose of this example is to demonstrate the application of the seismic spectral reduction 

factor in the design of a temporary bridge by calculating the period and corresponding design 

earthquake load for an example temporary bridge, not to provide a comprehensive design example 

for temporary bridge design. In light of that, a number of assumptions will be made to simplify the 

example. The method used in this example will be the Uniform Load Method outlined in AASHTO 

LRFD-BDS Article 4.7.4.3.2c. The temporary bridge used in this example has member 

dimensions, dead load calculations, and other features loosely based on the Pea Island Interim 

Bridge (NCDOT 2015), with modifications made to simplify the example. The Pea Island Interim 

Bridge will be used in this example due to the availability of its plans as well as the bridges interim 

designation. Design examples provided by the Illinois Department of Transportation (IDOT 2008), 

and from the joint MCEER and ATC venture Design Examples, Recommended LRFD Guidelines 

for the Seismic Design of Highway Bridges (ATC/MCEER 2003). 

 

The spectral reduction factor suggested for the central and eastern United States in Section 4.9, 

denoted KD, will be used to calculate the applicable response spectrum for the temporary bridge. 

For the design spectrum values, AS, SDS, and SD1 denote the design values for the temporary bridge 

response spectrum corresponding to the peak ground acceleration, short-period response spectral 

acceleration, and long-period response spectral acceleration defined in Article 3.10.4.2 of the 

AASHTO LRFD-BDS.  

 

𝐾𝐷 = 3.75 

 

The modifications made to the design of the bridge for the purposes of this example include, but 

are not limited to, reducing the number of spans from 47 to 3, eliminating the skew in the bridge, 

eliminating the slope of the cross section, and the depth of the piles. These modifications are all 

considered appropriate as this example’s purpose is to illustrate the process of spectral reduction, 

not to replicate the design of the Pea Island Interim Bridge. In order to have a determinate structure, 
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it will be assumed the superstructure is discontinuous which simplifies the distribution of shear 

force to the cap beams.  

 

6.2 Spectral Reduction and the Temporary Bridge Design Response Spectrum 

The location of the site for the bridge in this example is Charleston, South Carolina. As was done 

in previous sections, Site Class B will be assumed for this example, Site Class is defined in Article 

3.10.3.1 of the AASHTO LRFD-BDS. The latitude and longitude for the site in decimal degrees, 

as well as the peak ground acceleration, short-period response acceleration, and long-period 

response acceleration corresponding to a 7% probability of exceedance in 75 years are provided 

in the Table 6-1. Note that the 2002 USGS seismic data is used in this example. The approximate 

location of the site is shown on a map of the short period response acceleration for Region 4 taken 

from Figure 3.10.2.1-14 of the AASHTO LRFD-BDS in Figure 6-1.  

 

 
Figure 6-1: The site location for the design example shown on a map of the short-period 

response acceleration coefficient for Region 4 corresponding to the 1000 year return 

period. The map was borrowed from AASHTO LRFD-BDS Figure 3.10.2.1-14. 
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Table 6-1: The coordinates and spectral coefficients corresponding to the 1000 year return 

period used in the example 

Latitude Longitude  PGA75 SS-75 S1-75 

32.78°N 79.93°W 0.39 g 0.69 g 0.153 g 

 

The long-period response spectral acceleration of 0.153 g for the 1000 year return period 

corresponds to Seismic Performance Zone 2 defined in Article 3.10.6 of the AASHTO LRFD-

BDS, and as previously stated in Section 3.4, it will be assumed that the site cannot be redefined 

as Seismic Performance Zone 1 based on the reduced response spectrum. 

 

The design response spectrum corresponding to the bridge’s temporary designation can now be 

determined. The single spectral reduction factor suggested for the central and eastern United States 

in Section 4.9, will be used in Equations 3-1, 3-2, and 3-3, to calculate the design acceleration 

coefficient AS, the design short-period response acceleration coefficient, SDS, and the design long-

period response acceleration coefficient, SD1. First, the Site Factors, given in Tables 3.10.3.2-1, 

3.10.3.2-2, and 3.10.3.2-3 of the AASHTO LRFD-BDS, must be applied. Given the previously 

stated assumption of Site Class B, the three Site Factors are all equal to unity as shown below.  

 

𝐹𝑝𝑔𝑎 = 1⁡𝑎𝑛𝑑⁡𝐹𝑎 = 1⁡𝑎𝑛𝑑⁡𝐹𝑣 = 1 

 

AASHTO LRFD-BDS Equations 3.10.4.2-2, 3.10.4.2-3, and 3.10.4.2-6 will now be used, note the 

number 75 contained within each subscript identifying the corresponding 7% probability of 

exceedance in 75 years. 

 

𝐴𝑆−75 = 𝐹𝑝𝑔𝑎𝑃𝐺𝐴75 = 0.39𝑔 (AASHTO Eqn. 3.10.4.2-2) 

𝑆𝐷𝑆−75 = 𝐹𝑎𝑆𝑆−75 = 0.69𝑔 (AASHTO Eqn. 3.10.4.2-3) 

𝑆𝐷1−75 = 𝐹𝑣𝑆1−75 = 0.15𝑔 (AASHTO Eqn. 3.10.4.2-6) 
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Now, the spectral reduction factor will be used to calculate the design response coefficients 

corresponding to the bridge’s temporary designation.  

 

𝐴𝑆 =
𝐴𝑆−75
𝐾𝐷

= 0.104⁡𝑔 

𝑆𝐷𝑆 =
𝑆𝐷𝑆−75
𝐾𝐷

= 0.184⁡𝑔 

𝑆𝐷1 =
𝑆𝐷1−75
𝐾𝐷

= 0.041⁡𝑔 

 

From here, the design response spectrum will be determined in the same manner that is done for a 

permanent bridge. Note that while in this example the site’s classification of Seismic Performance 

Zone 2 (Seismic Design Category B if using the LRFD-SBD) cannot be redefined, if the site had 

been classified as Seismic Performance Zone 3 or 4 (Seismic Design Categories C and D if using 

the LRFD-SBD) based on the 1000 year return period, reclassification can be performed as long 

as the site is not redefined as Seismic Performance Zone 1 (Seismic Design Category A using the 

LRFD-SBD).  

 

The reference periods for the response spectrum will now be calculated using the equations shown 

in Figure 3.10.3.1-1 of the LRFD-BDS.  

 

𝑇𝑆 =
𝑆𝐷1
𝑆𝐷𝑆

= 0.222⁡𝑠𝑒𝑐 

𝑇0 = 0.2𝑇𝑆 = 0.044⁡𝑠𝑒𝑐 

 

Finally, a plot of the design response spectrum can determined using LRFD-BDS Equation 

3.10.4.2-1, 3.10.4.2-4, and 3.10.4.2-5 to define the elastic seismic coefficient, Csm, for the 

applicable period. 

 

𝐶𝑠𝑚 = 𝐴𝑆 + (𝑆𝐷𝑆 − 𝐴𝑆) ∗ (
𝑇𝑚

𝑇0
)      for⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡𝑇𝑚 ≤ 𝑇0 (AASHTO Eqn. 3.10.4.2-1) 

𝐶𝑠𝑚 = 𝑆𝐷𝑆                                       for           𝑇0 ≤ 𝑇𝑚 ≤ 𝑇𝑆 (AASHTO Eqn. 3.10.4.2-4) 



 

85 

 

𝐶𝑠𝑚 = 𝑆𝐷1 ÷ 𝑇𝑚                              for               ⁡⁡⁡⁡⁡𝑇𝑆 < 𝑇𝑚 (AASHTO Eqn. 3.10.4.2-5) 

 

Shown below in Figure 6-2, is the design response spectrum for the temporary bridge.  

 

 
Figure 6-2: Design response spectrum for the example temporary bridge 

 

6.3 Example Temporary Bridge 

The temporary bridge in this example consists of three simply supported 50 ft. spans. The three 

spans are assumed to have identical mass, as are the two intermediate bents, and the two end bents. 

The Section Designer in SAP2000 was used to calculate the composite properties of the hollow 

core slab and the barrier rail. Shown below is an elevation view of the temporary bridge in Figure 

6-3, a typical cross section view of the end bents and intermediate bents in Figure 6-4, and the 

hollow core slab and barrier rail with uncracked section properties in Figure 6-5.  

 

 
Figure 6-3: Elevation view of the temporary bridge. 



 

86 

 

 

 
Figure 6-4: Cross section view of typical: (Left) intermediate bent; (Right) end bent. 

 

 
Figure 6-5: Composite section properties of the hollow core slab and barrier rail. 

 

The weights of each component used in this example are given in Appendix Section A.5. The 

uniform weight for the temporary bridge is calculated below.  

 

𝑤𝑠𝑝𝑎𝑛 = 398⁡𝑘𝑖𝑝 The weight of each span. 

𝑤𝑏𝑒𝑛𝑡 = 74.83⁡𝑘𝑖𝑝 The weight of each intermediate bent. 

𝑤𝐸𝑛𝑑𝐵𝑒𝑛𝑡 = 70.5⁡𝑘𝑖𝑝 The weight of each end bent. 

 

𝑊𝑏𝑟𝑖𝑑𝑔𝑒 = 3 ∗ 𝑤𝑠𝑝𝑎𝑛 + 2 ∗ 𝑤𝑏𝑒𝑛𝑡 + 2 ∗ 𝑤𝐸𝑛𝑑𝐵𝑒𝑛𝑡 = 1485⁡𝑘𝑖𝑝 

𝑤𝑏𝑟𝑖𝑑𝑔𝑒 =
𝑊𝑏𝑟𝑖𝑑𝑔𝑒

150⁡𝑓𝑡
= 0.825⁡𝑘𝑖𝑝/𝑖𝑛 

 

6.4 Transverse Period of the Temporary Bridge  

The transverse period of the bridge will be calculated using the assumed uniform weight of the 

bridge given in Section 6.4 and a SAP2000 model of the bridge with the superstructure modeled 
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as frame elements and the piles modeled as springs fixed at their base. Thus, the pile heights used 

will be from the bottom of the cap to the depth of fixity. Each span will be discretized using five 

individual frame elements, each 10 ft. in length. A unit load of 1 kip/in will be applied to the 

SAP2000 model in the transverse direction to obtain the maximum deflection. The stiffness will 

be equivalent in either direction of transverse loading for this example. The maximum deflection 

will be used to obtain an effective stiffness value for the temporary bridge using the following 

relationship (Chopra 2012): 

𝑘𝑒𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒 =
𝑓𝑎𝑝𝑝𝑙𝑖𝑒𝑑

∆𝑚𝑎𝑥
 

 

where 𝑓𝑎𝑝𝑝𝑙𝑖𝑒𝑑 is the applied load and ∆𝑚𝑎𝑥 is the maximum deflection. 

 

The stiffness at each intermediate bent and end bent are calculated as follows: 

 

ℎ𝐵𝑒𝑛𝑡𝑃𝑖𝑙𝑒 = 12⁡𝑓𝑡 The pile Height at each intermediate 
bent. 

ℎ𝐸𝑛𝑑𝐵𝑒𝑛𝑡𝑃𝑖𝑙𝑒 = 8⁡𝑓𝑡 The pile height at each end bent. 

∅𝑝𝑖𝑙𝑒 = 16⁡𝑖𝑛 The diameter of each pile. 

𝑓′𝑐 = 10⁡𝑘𝑠𝑖 The compressive strength of the piles. 

𝑤𝑐 = 0.14
𝑘𝑖𝑝

𝑓𝑡3
+ 0.001 ∗ 𝑓′

𝑐
= 0.15⁡𝑘𝑖𝑝/𝑓𝑡3 (AASHTO Table 3.5.1-1) 

𝐾1 = 1 The assumed aggregate factor. 
(AASHTO Article 5.4.2.4) 

𝐸𝑝𝑖𝑙𝑒 = 33000𝐾1𝑤𝑐
1.5√𝑓′𝑐 = 6062⁡𝑘𝑠𝑖 (AASHTO Eqn. 5.4.2.4-1) 

𝐼𝑢𝑛𝑐𝑟𝑎𝑐𝑘𝑒𝑑 =
𝜋

4
(
∅𝑝𝑖𝑙𝑒

2
)

4

= 3217⁡𝑖𝑛4 The stiffness of each pile before  
cracking. 

𝐼𝑒𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒 = 0.6𝐼𝑢𝑛𝑐𝑟𝑎𝑐𝑘𝑒𝑑 = 1930⁡𝑖𝑛4 (AASHTO Guide Article 5.6.2) 
 

The stiffness at each intermediate bent will be determined by calculating the stiffness for each pile 

and then multiplying by the number of piles at each bent. The lateral stiffness of each pile will be 

obtained with a basic static relationship (Chopra 2012), where the columns behave as clamped-

clamped columns.  
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𝑛 = 8 The number of piles at each bent. 

𝑘𝐵𝑒𝑛𝑡𝑈𝑛𝑐𝑟𝑎𝑐𝑘𝑒𝑑 =
12𝐸𝑝𝑖𝑙𝑒𝐼𝑢𝑛𝑐𝑟𝑎𝑐𝑘𝑒𝑑

ℎ𝐵𝑒𝑛𝑡𝑃𝑖𝑙𝑒
3 ∗ 𝑛 = 627⁡

𝑘𝑖𝑝

𝑖𝑛
 

The stiffness of each intermediate 
bent before cracking. 

𝑘𝐵𝑒𝑛𝑡𝐸𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒 =
12𝐸𝑝𝑖𝑙𝑒𝐼𝑒𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒

ℎ𝐵𝑒𝑛𝑡𝑃𝑖𝑙𝑒
3 ∗ 𝑛 = 376⁡

𝑘𝑖𝑝

𝑖𝑛
 

The effective stiffness of each  
intermediate bent 

 

Now the stiffness at each end bent will be calculated using the same procedure. 

  

𝑘𝐸𝑛𝑑𝐵𝑒𝑛𝑡𝑈𝑛𝑐𝑟𝑎𝑐𝑘𝑒𝑑 =
12𝐸𝑝𝑖𝑙𝑒𝐼𝑢𝑛𝑐𝑟𝑎𝑐𝑘𝑒𝑑

ℎ𝐸𝑛𝑑𝐵𝑒𝑛𝑡𝑃𝑖𝑙𝑒
3 ∗ 𝑛 = 2116⁡

𝑘𝑖𝑝

𝑖𝑛
 

The stiffness of each end 
bent before cracking. 

𝑘𝐸𝑛𝑑𝐵𝑒𝑛𝑡𝐸𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒 =
12𝐸𝑝𝑖𝑙𝑒𝐼𝑒𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒

ℎ𝐸𝑛𝑑𝐵𝑒𝑛𝑡𝑃𝑖𝑙𝑒
3 ∗ 𝑛 = 1270⁡

𝑘𝑖𝑝

𝑖𝑛
 

The effective stiffness of each  
end bent. 

 

The moment of inertia of the hollow core slab and barrier rail for both the transverse and 

longitudinal direction are given in Figure 6-5 from the SAP2000 Section Designer. For the 

effective stiffness of the hollow core slab and barrier rail, an assumed effective stiffness of 1/10 

the un-cracked stiffness of the section will be made. This is to reduce the effect of the 

superstructure behaving as a rigid element, but as so far as to assume the deck is a collection of 

independent beams (IDOT 2008).  A summary of the section properties for each component that 

will be used in a SAP2000 model of the temporary bridge is given below in Table 6-2 for both the 

un-cracked and effective values.  

 

Table 6-2: Transverse section properties for the temporary bridge 

 Uncracked  Effective  

Superstructure Moment of Inertia 143704532 in4 14370453 in4 

Intermediate Bent Stiffness 627 kip/in 376 kip/in 

End Bent Stiffness 2116 kip/in 1270 kip/in 

 

Applying unit load of 1 kip/in is applied to the temporary bridge in SAP2000 shown below in 

Figure 6-6 along with the deflected shape, allows us to obtain the maximum deflection necessary 

to calculate the period of the bridge.  
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Figure 6-6: (Left) Model temporary bridge with an applied unit load of 1 kip/in; (Right) the 

deformed shape of the bridge under loading.  

 

Given below in Table 6-3 are the transverse deflections for the temporary bridge subject to the 

applied unit load for uncracked and effective section properties.  

 

Table 6-3: Transverse deflections of the temporary bridge 

 Uncracked Deflection (in) Effective Deflection (in) 

Intermediate Bent 0.424 1.078 

End Bent 0.2997 0.390 

Maximum 0.443 1.18 

 

Now using the maximum deflection to calculate the effective stiffness for the transverse direction. 

 

𝐿 = 150⁡𝑓𝑡 The total length of the bridge. 

∆𝑚𝑎𝑥= 1.18⁡𝑖𝑛 The maximum deflection. 

𝑓𝑎𝑝𝑝𝑙𝑖𝑒𝑑 = 1
𝑘𝑖𝑝

𝑖𝑛
∗ 𝐿 = 1800⁡𝑘𝑖𝑝 The applied force from the 

 uniform load. 
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𝑘𝑒𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒 =
𝑓𝑎𝑝𝑝𝑙𝑖𝑒𝑑

∆𝑚𝑎𝑥
= 1525⁡𝑘𝑖𝑝/𝑖𝑛 The bridge’s effective stiffness. 

 

Now the transverse period can be calculated using the effective stiffness, the weight of the bridge, 

and the acceleration of gravity. 

 

𝑇 = 2𝜋√
𝑊𝑏𝑟𝑖𝑑𝑔𝑒

𝑔 ∗ 𝑘𝑒𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒
= 0.315⁡𝑠𝑒𝑐𝑜𝑛𝑑𝑠 

The period of the temporary bridge 
in the transverse direction. 
(AASHTO Eqn. C4.7.4.3.2c-2) 

 

6.5 Longitudinal Period of the Temporary Bridge 

The stiffness of the piles will be calculated assuming the superstructure acts as a rigid body 

transferring the uniform longitudinal load to the intermediate and end bents with piles that behave 

like cantilevered columns. The longitudinal stiffness of the intermediate bent is calculated as 

follows. 

 

ℎ𝑐𝑎𝑝 = 2.5⁡𝑓𝑡 The height of the cap. 

ℎ𝐵𝑒𝑛𝑡𝑃𝑖𝑙𝑒 = 12⁡𝑓𝑡 + ℎ𝑐𝑎𝑝 = 14.5⁡𝑓𝑡 Now, including the height of the cap. 

𝑘𝐵𝑒𝑛𝑡𝑈𝑛𝑐𝑟𝑎𝑐𝑘𝑒𝑑 =
3𝐸𝑝𝑖𝑙𝑒𝐼𝑢𝑛𝑐𝑟𝑎𝑐𝑘𝑒𝑑

ℎ𝐵𝑒𝑛𝑡𝑃𝑖𝑙𝑒
3 ∗ 𝑛 = 89⁡

𝑘𝑖𝑝

𝑖𝑛
 The stiffness of each intermediate 

bent before cracking. 

𝑘𝐵𝑒𝑛𝑡𝐸𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒 =
3𝐸𝑝𝑖𝑙𝑒𝐼𝑒𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒

ℎ𝐵𝑒𝑛𝑡𝑃𝑖𝑙𝑒
3 ∗ 𝑛 = 53⁡

𝑘𝑖𝑝

𝑖𝑛
 The effective stiffness of each  

intermediate bent. 
 

Applying a unit load to the piles at each intermediate bent to calculate the deflection from the piles. 

Additionally, calculating the deflection of the cap from the rotation at the top of the piles (IDOT 

2008). 

 

𝑃 = 1⁡𝑘𝑖𝑝 The unit load of 1 kip. 

∆𝐵𝑒𝑛𝑡𝑃𝑖𝑙𝑒𝑠=
𝑃

𝑘𝐵𝑒𝑛𝑡𝐸𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒
= 0.019⁡𝑖𝑛 Calculating the deflection of the  

intermediate bents from the unit load. 

𝜃𝑐𝑎𝑝 =
𝑃 ∗ ℎ𝐵𝑒𝑛𝑡𝑃𝑖𝑙𝑒

2

2𝐸𝑝𝑖𝑙𝑒𝐼𝑒𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒
= 0.001⁡𝑟𝑎𝑑𝑖𝑎𝑛𝑠 The rotation at the top of the piles. 
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∆𝑐𝑎𝑝= ℎ𝑐𝑎𝑝𝜃𝑐𝑎𝑝 = 0.039⁡𝑖𝑛 The deflection from the rigid body 
rotation of the cap beam. 

 

Now the stiffness of each intermediate bent can be calculated. 

 

∆𝑇𝑜𝑡𝑎𝑙= ∆𝑐𝑎𝑝 + ∆𝐵𝑒𝑛𝑡𝑃𝑖𝑙𝑒𝑠= 0.058⁡𝑖𝑛 Total deflection from the unit load. 

𝑘𝑝𝑖𝑒𝑟 =
𝑃

∆𝑇𝑜𝑡𝑎𝑙
= 17.37⁡𝑘𝑖𝑝/𝑖𝑛 The longitudinal stiffness at each 

intermediate bent. 
 

Now the same procedure is used to calculate the longitudinal stiffness at each end bent. 

 

ℎ𝑐𝑎𝑝 = 2.5⁡𝑓𝑡 The height of the cap. 

ℎ𝐸𝑛𝑑𝐵𝑒𝑛𝑡𝑃𝑖𝑙𝑒 = 8⁡𝑓𝑡 + ℎ𝑐𝑎𝑝 = 10.5⁡𝑓𝑡 Now, including the height of the cap. 

𝑘𝐸𝑛𝑑𝐵𝑒𝑛𝑡𝑈𝑛𝑐𝑟𝑎𝑐𝑘𝑒𝑑 =
3𝐸𝑝𝑖𝑙𝑒𝐼𝑢𝑛𝑐𝑟𝑎𝑐𝑘𝑒𝑑

ℎ𝐸𝑛𝑑𝐵𝑒𝑛𝑡𝑃𝑖𝑙𝑒
3 ∗ 𝑛 = 234⁡

𝑘𝑖𝑝

𝑖𝑛
 The stiffness of each end 

bent before cracking. 

𝑘𝐸𝑛𝑑𝐵𝑒𝑛𝑡𝐸𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒 =
3𝐸𝑝𝑖𝑙𝑒𝐼𝑒𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒

ℎ𝐸𝑛𝑑𝐵𝑒𝑛𝑡𝑃𝑖𝑙𝑒
3 ∗ 𝑛 = 140⁡

𝑘𝑖𝑝

𝑖𝑛
 The effective stiffness of each  

end bent. 
𝑃 = 1⁡𝑘𝑖𝑝 The unit load of 1 kip. 

∆𝐸𝑛𝑑𝐵𝑒𝑛𝑡𝑃𝑖𝑙𝑒𝑠=
𝑃

𝑘𝐸𝑛𝑑𝐵𝑒𝑛𝑡𝐸𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒
= 0.007⁡𝑖𝑛 Calculating the deflection of the  

end bents from the unit load. 

𝜃𝑐𝑎𝑝 =
𝑃 ∗ ℎ𝐸𝑛𝑑𝐵𝑒𝑛𝑡𝑃𝑖𝑙𝑒

2

2𝐸𝑝𝑖𝑙𝑒𝐼𝑒𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒
= 0.000678⁡𝑟𝑎𝑑𝑖𝑎𝑛𝑠 The rotation at the top of the piles. 

∆𝑐𝑎𝑝= ℎ𝑐𝑎𝑝𝜃𝑐𝑎𝑝 = 0.02⁡𝑖𝑛 The deflection from the rigid body 
rotation of the cap beam. 
 

∆𝑇𝑜𝑡𝑎𝑙= ∆𝑐𝑎𝑝 + ∆𝐸𝑛𝑑𝐵𝑒𝑛𝑡𝑃𝑖𝑙𝑒𝑠= 0.027⁡𝑖𝑛 Total deflection from the unit load. 

𝑘𝑎𝑏𝑢𝑡𝑚𝑒𝑛𝑡 =
𝑃

∆𝑇𝑜𝑡𝑎𝑙
= 36.40⁡𝑘𝑖𝑝/𝑖𝑛 The longitudinal stiffness at each 

end bent. 
 

The total stiffness of the bridge can now be obtained by adding the stiffness values from the two 

end bents and the two intermediate bents. 
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𝑘𝑏𝑟𝑖𝑑𝑔𝑒 = 2 ∗ 𝑘𝑎𝑏𝑢𝑡𝑚𝑒𝑛𝑡 + 2 ∗ 𝑘𝑝𝑖𝑒𝑟 The total effective stiffness of the  
temporary bridge in the longitudinal 
direction. 

𝑘𝑏𝑟𝑖𝑑𝑔𝑒 = 107.54⁡𝑘𝑖𝑝/𝑖𝑛  
 

Now the period for the longitudinal direction can be obtained, using the AASHTO LRFD-BDS 

Equation C4.7.4.3.2c-3. 

 

𝑇 = 2𝜋√
𝑊𝑏𝑟𝑖𝑑𝑔𝑒

𝑔 ∗ 𝑘𝑏𝑟𝑖𝑑𝑔𝑒
= 1.188⁡𝑠𝑒𝑐𝑜𝑛𝑑𝑠 

The period of the temporary bridge 
in the longitudinal direction. 
(AASHTO Eqn. C4.7.4.3.2c-2) 

 

6.6 Design Earthquake Load  

With the period of the bridge known for both the transverse and longitudinal directions, the 

Elastic Seismic Response Coefficient defined in Article 3.10.4.2 of the LRFD-BDS, Csm, can 

now be obtained. Note that the transverse period and the longitudinal period exceed the reference 

period TS, and thus Csm will be obtained using AASHTO LRFD-BDS Equation 3.10.4.2-6. 

 

𝐶𝑠𝑚𝑇𝑟𝑎𝑛𝑠𝑣𝑒𝑟𝑠𝑒 =
𝑇𝑡𝑟𝑎𝑛𝑠𝑣𝑒𝑟𝑠𝑒

𝑆𝐷1
= 7.683 The Elastic Seismic Response  

Coefficient in the transverse direction. 

𝐶𝑠𝑚𝐿𝑜𝑛𝑔𝑖𝑡𝑢𝑑𝑖𝑛𝑎𝑙 =
𝑇𝑙𝑜𝑛𝑔𝑖𝑡𝑢𝑑𝑖𝑛𝑎𝑙

𝑆𝐷1
= 28.976 The Elastic Seismic Response  

Coefficient in the longitudinal direction. 
 

Now the design earthquake load in the transverse direction is calculated below using AASHTO 

LRFD-BDS Equation C4.7.4.3.2c-4. 

 

𝑝𝑒 =
𝐶𝑠𝑚𝑇𝑟𝑎𝑛𝑠𝑣𝑒𝑟𝑠𝑒𝑊𝑏𝑟𝑖𝑑𝑔𝑒

𝐿
= 76.04⁡𝑘𝑖𝑝/𝑓𝑡 The design earthquake load in the  

transverse direction. 
 

And now the same procedure will be used to calculate the design earthquake load in the 

longitudinal direction. 

 

𝑝𝑒 =
𝐶𝑠𝑚𝐿𝑜𝑛𝑔𝑖𝑡𝑢𝑑𝑖𝑛𝑎𝑙𝑊𝑏𝑟𝑖𝑑𝑔𝑒

𝐿
= 286.79⁡𝑘𝑖𝑝/𝑓𝑡 The design earthquake load in the  

transverse direction. 
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Finally, with the earthquake load obtained the temporary bridge can be designed to resist the 

specified earthquake forces. 
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CONCLUSION 

Using the procedure outlined in Section 3 for obtaining spectral reduction factors, the site 

locations when categorized by geographic location demonstrated stronger correlation between 

spectral ratio values than when the site locations were arranged by the AASHTO defined Seismic 

Performance Zones, particularly for low to moderate response accelerations, or for site locations 

corresponding to Seismic Performance Zone 1 or 2  (as most of the locations considered here fell 

within those Seismic Performance Zones – as is the case for most locations in the USA).  

 

The spectral reduction limit of 2.5 specified by the American Association of State Highway and 

Transportation Officials in Article 3.6 of the Guide Specifications for LRFD Seismic Bridge 

Design corresponds closely with spectral reduction factors obtained using the procedure outlined 

in Section 3 from site locations on the west coast. Therefore, the authors recommend a spectral 

reduction factor of 2.5 for the west coast of the United States, consistent with the current spectral 

reduction limit specified by the Guide Specifications for LRFD Seismic Bridge Design. 

 

It was observed that site locations in the central and eastern United States generally have higher 

spectral ratios, and that spectral ratio generally increased from west to east across the continental 

United States (where spectral ratio is defined as the ratio between the seismic response 

coefficients corresponding to a 1000 year return period, and the seismic response coefficients 

corresponding to a 100 year return period. Considering the higher spectral ratios in the central 

and eastern United States, the authors propose a spectral reduction of 3.75 to reduce all three 

spectral response coefficients from values corresponding to permanent bridge design, to values 

corresponding to temporary bridge design. This proposed spectral reduction factor of 3.75 was 

found to be conservative, in that it resulted in a response spectrum with greater response 

accelerations than a spectrum obtained directly from the USGS website, for every site location in 

the central and eastern United States examined in this study, with the exception of Atlanta and 

the 2014 USGS seismic hazard data which was found to approximately be 10% unconservative. 
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APPENDIX A 

A.1 MATLAB Function for Spatial Interpolation 

Given below is a MATLAB function provided by Nicolas Luco for two-dimensional interpolation. 

The function requires a latitude and longitude input, the output is a seismic hazard curve specific 

to the input latitude and longitude. 
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A.2 MATLAB Function for Hazard Curve Interpolation  

Given below is a MATLAB function provided by Nicolas Luco for interpolation between seismic 

hazard curve values at a specified location. The USGS seismic hazard data is provided in a gridded 

format using latitude and longitude. Each intersection of latitude and longitude has 19 to 20 

(depending on the data set and seismic response coefficient) mean annual frequency of exceedance 

values corresponding to 19 to 20 spectral acceleration values. Use of this function along with the 

USGS seismic hazard data, allows for an input of a specified return period, in the form of mean 

annual frequency of exceedance, and the function outputs a spectral response acceleration specific 

to the input return period. 
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A.3 2002 USGS Seismic Hazard Data 

In the table below is the 2002 USGS seismic hazard data obtained from the USGS website, with 

use of the MATLAB functions provided by Nicolas Luco, for this report (USGS 2002). 

Table A-1: The 100 site locations and the corresponding seismic hazard data from the 2002 

USGS data set  

State City Latitude Longitude PGA75 SS-75 S1-75 PGA10 SS-10 S1-10 

Arizona Phoenix 33.4478 -112.0750 0.0514 0.1166 0.0391 0.0172 0.0358 0.0098 

Arizona Tucson 32.2189 -110.9299 0.0740 0.1706 0.0487 0.0191 0.0398 0.0104 

New Mexico Albuquerque 35.0812 -106.5939 0.1479 0.3514 0.1010 0.0363 0.0799 0.0205 

Colorado Denver 39.7391 -104.9903 0.0589 0.1258 0.0338 0.0097 0.0234 0.0062 

Washington Seattle 47.6055 -122.3330 0.4515 1.0050 0.3358 0.1467 0.3169 0.0996 

Oregon Gresham 45.5000 -122.4303 0.2591 0.6105 0.2106 0.0676 0.1498 0.0464 

Oregon Eugene 44.0519 -123.0873 0.1859 0.4473 0.2132 0.0315 0.0663 0.0247 

Oregon Portland 45.5227 -122.6762 0.2727 0.6459 0.2247 0.0711 0.1578 0.0481 

Idaho Boise 43.6182 -116.2146 0.0855 0.2012 0.0700 0.0307 0.0663 0.0209 

Utah St. George 37.0886 -113.5719 0.1332 0.3175 0.1005 0.0381 0.0844 0.0256 

Montana Billings 45.7808 -108.5005 0.0420 0.0946 0.0350 0.0153 0.0327 0.0095 

Wyoming Casper 42.8639 -106.3138 0.1102 0.2112 0.0444 0.0175 0.0393 0.0075 

Washington Spokane 47.6397 -117.4230 0.1060 0.2406 0.0724 0.0289 0.0596 0.0186 

Louisiana Baton Rouge 30.4581 -91.1402 0.0301 0.0669 0.0307 NaN 0.0086 0.0039 

Texas Austin 30.2670 -97.7431 0.0195 0.0443 0.0193 NaN 0.0059 NaN 

Texas Houston 29.7602 -95.3711 0.0208 0.0465 0.0212 NaN 0.0059 0.0026 

Texas Dallas 32.7757 -96.7949 0.0291 0.0673 0.0299 NaN 0.0114 0.0041 

Texas San Antonio 29.4218 -98.4957 0.0235 0.0508 0.0158 NaN NaN NaN 

Arkansas Little Rock 34.7463 -92.2899 0.1330 0.2947 0.0909 0.0129 0.0309 0.0084 

Minnesota Minneapolis 44.9760 -93.2605 0.0145 0.0332 0.0162 NaN 0.0051 NaN 

Nebraska Lincoln 40.8255 -96.6850 0.0433 0.0890 0.0271 NaN 0.0111 0.0047 

South Dakota Sioux Falls 43.5444 -96.7314 0.0269 0.0609 0.0202 NaN 0.0085 0.0035 

Kansas Wichita 37.6592 -97.3690 0.0342 0.0776 0.0313 0.0058 0.0138 0.0052 

Kansas Dodge City 37.7481 -100.0198 0.0260 0.0614 0.0250 NaN 0.0114 0.0047 

Oklahoma Oklahoma 

City 

35.4531 -97.5144 0.0944 0.1772 0.0421 0.0087 0.0195 0.0058 

Oklahoma Tulsa 36.0699 -95.9592 0.0439 0.1001 0.0405 0.0074 0.0178 0.0059 

Missouri Springfield 37.1986 -93.2981 0.0560 0.1356 0.0565 0.0092 0.0232 0.0076 

Iowa Des Moines 41.5938 -93.6109 0.0201 0.0465 0.0267 NaN 0.0094 0.0044 

Minnesota Ely 47.9021 -91.8680 0.0108 0.0259 0.0082 NaN NaN NaN 

North Dakota Fargo 46.8739 -96.7922 0.0168 0.0393 0.0117 NaN NaN NaN 

North Dakota Casselton 46.9004 -97.2111 0.0160 0.0380 0.0118 NaN NaN NaN 
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State City Latitude Longitude PGA75 SS-75 S1-75 PGA10 SS-10 S1-10 

North 

Carolina 

Asheville 35.5949 -82.5518 0.1120 0.2243 0.0647 0.0195 0.0437 0.0110 

Florida Miami 25.7615 -80.1919 0.0097 0.0207 0.0102 NaN NaN NaN 

Georgia Atlanta 33.7486 -84.3884 0.0611 0.1396 0.0538 0.0136 0.0318 0.0095 

Florida Jacksonville 30.3329 -81.6560 0.0345 0.0824 0.0347 NaN 0.0100 0.0039 

North 

Carolina 

Charlotte 35.2186 -80.8402 0.0842 0.1934 0.0637 0.0137 0.0324 0.0089 

Virginia  Virginia 

Beach 

36.8525 -75.9795 0.0263 0.0618 0.0275 NaN 0.0100 0.0041 

Alabama Mobile 30.6929 -88.0428 0.0297 0.0661 0.0322 NaN 0.0104 0.0050 

New York Amherst 42.9996 -78.7850 0.0759 0.1431 0.0340 0.0076 0.0185 0.0064 

Massachusetts Boston 42.3598 -71.0590 0.0748 0.1514 0.0386 0.0103 0.0242 0.0068 

Maine Portland 43.6597 -70.2519 0.0858 0.1720 0.0446 0.0126 0.0296 0.0080 

Vermont Burlington 44.4757 -73.2124 0.1092 0.2213 0.0566 0.0202 0.0460 0.0104 

New York Manhattan 40.7827 -73.9716 0.1005 0.1841 0.0379 0.0091 0.0212 0.0064 

Pennsylvania Philadelphia 39.9532 -75.1644 0.0705 0.1395 0.0332 0.0077 0.0178 0.0060 

Washington 

DC 

Washington 

DC 

38.9054 -77.0352 0.0385 0.0877 0.0302 0.0065 0.0155 0.0055 

Maryland Baltimore 39.2901 -76.6121 0.0424 0.0942 0.0302 0.0066 0.0157 0.0056 

Illinois Chicago 41.8777 -87.6299 0.0414 0.0898 0.0356 0.0060 0.0145 0.0057 

Ohio Columbus 39.9608 -82.9990 0.0397 0.0895 0.0374 0.0078 0.0185 0.0075 

Indiana Indianapolis 39.7678 -86.1565 0.0513 0.1218 0.0510 0.0101 0.0249 0.0084 

Kentucky Louisville 38.2465 -85.7555 0.0648 0.1546 0.0628 0.0125 0.0309 0.0100 

Michigan Detroit 42.3310 -83.0477 0.0308 0.0695 0.0281 0.0054 0.0126 0.0057 

California San 

Francisco 

37.7524 -122.4229 0.6937 1.6033 0.7841 0.2415 0.5583 0.2125 

Nevada Las Vegas 36.1694 -115.1375 0.1522 0.3629 0.1174 0.0464 0.1035 0.0368 

California San Diego 32.7155 -117.1617 0.4024 0.9342 0.3456 0.1015 0.2337 0.0995 

California San Jose 37.3371 -121.8881 0.6375 1.5538 0.6105 0.2863 0.6697 0.2289 

California Sacramento 38.5813 -121.4944 0.1805 0.4299 0.1878 0.0809 0.1837 0.0827 

California Oakland 37.8034 -122.2712 0.7950 1.8904 0.7462 0.2966 0.6906 0.2573 

California Bakersfield 35.3732 -119.0190 0.3570 0.8482 0.3148 0.1342 0.3073 0.1181 

California Costa Mesa 33.6397 -117.9197 0.5207 1.2139 0.4440 0.1622 0.3806 0.1513 

California Corona 33.8753 -117.5665 0.6743 1.6066 0.5924 0.2373 0.5639 0.2234 

California Modesto 37.6387 -120.9975 0.2577 0.6205 0.2275 0.0979 0.2243 0.0939 

Nevada Reno 39.5289 -119.8150 0.4716 1.1344 0.4106 0.1443 0.3451 0.1101 

California Los Angeles 34.0520 -118.2437 0.6863 1.6218 0.5485 0.2299 0.5441 0.2007 

Utah Salt Lake 

City 

40.7598 -111.8929 0.4774 1.0999 0.4186 0.0714 0.1664 0.0524 

Wyoming Jackson 43.4794 -110.7637 0.3143 0.7399 0.2396 0.0846 0.1967 0.0574 

Utah Provo 40.2339 -111.6589 0.2953 0.6860 0.2474 0.0574 0.1321 0.0422 
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State City Latitude Longitude PGA75 SS-75 S1-75 PGA10 SS-10 S1-10 

Idaho Twin Falls 42.5504 -114.4622 0.0731 0.1698 0.0610 0.0270 0.0582 0.0192 

Utah Trout Creek 39.6890 -113.8285 0.0755 0.1757 0.0664 0.0279 0.0607 0.0208 

Wyoming Rock Springs 41.5863 -109.2027 0.1071 0.2082 0.0605 0.0249 0.0550 0.0159 

Nevada Elko 40.8293 -115.7638 0.1356 0.3259 0.1083 0.0390 0.0867 0.0266 

Utah Delta 39.3507 -112.5783 0.1305 0.3122 0.1041 0.0447 0.1008 0.0317 

Idaho Idaho Falls 43.4874 -112.0343 0.1430 0.3431 0.1153 0.0520 0.1186 0.0409 

Nevada Jarbridge 41.8732 -115.4306 0.0946 0.2219 0.0699 0.0282 0.0609 0.0183 

Tennessee Memphis 35.1463 -90.0491 0.3984 0.7416 0.1899 0.0271 0.0590 0.0124 

Arkansas Jonesboro 35.8261 -90.7199 0.6095 1.1025 0.2789 0.0326 0.0689 0.0131 

Arkansas Paragould 36.0513 -90.5046 0.5533 1.0043 0.2510 0.0364 0.0757 0.0139 

Missouri St. Louis 38.6122 -90.2283 0.1732 0.3498 0.0984 0.0240 0.0539 0.0114 

Illinois Salem 38.6001 -88.9704 0.2208 0.4361 0.1145 0.0311 0.0663 0.0129 

Indiana Evansville 37.9701 -87.5720 0.1937 0.3965 0.1106 0.0268 0.0591 0.0130 

Arkansas Searcy 35.2446 -91.7347 0.2091 0.4375 0.1214 0.0180 0.0415 0.0098 

Arkansas Jefferson 34.2268 -91.9099 0.1168 0.2657 0.0859 0.0117 0.0282 0.0080 

Alabama Florence 34.7932 -87.6804 0.0889 0.2123 0.0780 0.0147 0.0360 0.0107 

Tennessee Jackson 35.6112 -88.8133 0.2581 0.5161 0.1414 0.0279 0.0614 0.0133 

South 

Carolina 

Charleston 32.7761 -79.9308 0.3891 0.6844 0.1525 0.0146 0.0313 0.0073 

Georgia Savannah 32.0726 -81.1047 0.1014 0.2232 0.0668 0.0097 0.0225 0.0064 

South 

Carolina 

Columbia 33.9495 -81.1126 0.1593 0.3213 0.0831 0.0175 0.0390 0.0093 

South 

Carolina 

Greenville 34.7636 -82.4799 0.0993 0.2099 0.0648 0.0178 0.0409 0.0105 

South 

Carolina 

Myrtle 

Beach 

33.6658 -78.9018 0.1441 0.3040 0.0830 0.0094 0.0219 0.0058 

Georgia Jesup 31.5941 -81.8835 0.0559 0.1337 0.0490 0.0071 0.0172 0.0058 

Georgia Baxley 31.7718 -82.3560 0.0520 0.1244 0.0478 0.0074 0.0179 0.0062 

Georgia Augusta 33.4706 -82.0172 0.1023 0.2222 0.0675 0.0148 0.0340 0.0089 

North 

Carolina 

Wilmington 34.2180 -77.9387 0.0695 0.1600 0.0523 0.0058 0.0145 0.0045 

North 

Carolina 

Lumberton 34.6106 -79.0118 0.0953 0.2152 0.0671 0.0089 0.0214 0.0065 

Wyoming Missoula 46.8325 -113.9941 0.1389 0.3323 0.1018 0.0447 0.0997 0.0296 

California Redding 40.5789 -122.3932 0.2221 0.5146 0.2036 0.0773 0.1703 0.0766 

Oregon Medford 42.3133 -122.8711 0.1598 0.3795 0.1726 0.0474 0.1035 0.0442 

Washington Kennewick 46.1670 -119.1138 0.1184 0.2723 0.0888 0.0346 0.0724 0.0231 

Washington Yakima 46.6123 -120.5255 0.1506 0.3473 0.1224 0.0509 0.1094 0.0381 

Montana Miles City 46.3645 -105.8862 0.0254 0.0614 0.0208 0.0050 0.0125 0.0038 

Tennessee Chattanooga 35.0335 -85.3130 0.1354 0.2518 0.0693 0.0194 0.0436 0.0117 
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A.4 2014 USGS Seismic Hazard Data 

In the table below is the 2014 USGS seismic hazard data obtained from the USGS website, with 

use of the MATLAB functions provided by Nicolas Luco, for this report (USGS 2014). 
 

Table A-2: The 100 site locations and the corresponding seismic hazard data from the 2014 

USGS data set 

State City Latitude Longitude PGA75 SS-75  S1-75 PGA10 SS-10 S1-10 

Arizona Phoenix 33.4478 -112.0750 0.0455 0.1004 0.0334 0.0091 0.0194 0.0083 

Arizona Tucson 32.2189 -110.9299 0.0660 0.1461 0.0403 0.0102 0.0216 0.0089 

New Mexico Albuquerque 35.0812 -106.5939 0.1038 0.2305 0.0628 0.0168 0.0365 0.0114 

Colorado Denver 39.7391 -104.9903 0.0631 0.1191 0.0301 0.0127 0.0272 0.0069 

Washington Seattle 47.6055 -122.3330 0.4132 0.9668 0.2777 0.1181 0.2676 0.0652 

Oregon Gresham 45.5000 -122.4303 0.2506 0.5608 0.2035 0.0467 0.1014 0.0293 

Oregon Eugene 44.0519 -123.0873 0.2023 0.4392 0.2093 0.0201 0.0426 0.0192 

Oregon Portland 45.5227 -122.6762 0.2541 0.5702 0.2141 0.0474 0.1031 0.0294 

Idaho Boise 43.6182 -116.2146 0.0841 0.1888 0.0599 0.0201 0.0429 0.0162 

Utah St. George 37.0886 -113.5719 0.1340 0.3023 0.0829 0.0272 0.0592 0.0199 

Montana Billings 45.7808 -108.5005 0.0396 0.0816 0.0322 0.0113 0.0241 0.0106 

Wyoming Casper 42.8639 -106.3138 0.0997 0.1747 0.0357 0.0195 0.0397 0.0078 

Washington Spokane 47.6397 -117.4230 0.0797 0.1751 0.0585 0.0158 0.0327 0.0134 

Louisiana Baton Rouge 30.4581 -91.1402 0.0263 0.0532 0.0321 NaN 0.0107 0.0046 

Texas Austin 30.2670 -97.7431 0.0149 0.0307 0.0170 NaN 0.0063 0.0026 

Texas Houston 29.7602 -95.3711 0.0189 0.0376 0.0221 NaN 0.0072 0.0031 

Texas Dallas 32.7757 -96.7949 0.0285 0.0593 0.0303 0.0061 0.0133 0.0046 

Texas San Antonio 29.4218 -98.4957 0.0132 0.0278 0.0119 NaN NaN NaN 

Arkansas Little Rock 34.7463 -92.2899 0.1277 0.2423 0.0801 0.0174 0.0365 0.0091 

Minnesota Minneapolis 44.9760 -93.2605 0.0136 0.0277 0.0167 NaN 0.0058 0.0025 

Nebraska Lincoln 40.8255 -96.6850 0.0223 0.0448 0.0256 NaN 0.0102 0.0047 

South 

Dakota 

Sioux Falls 43.5444 -96.7314 0.0248 0.0507 0.0195 NaN 0.0095 0.0038 

Kansas Wichita 37.6592 -97.3690 0.0274 0.0565 0.0313 0.0062 0.0137 0.0053 

Kansas Dodge City 37.7481 -100.0198 0.0232 0.0492 0.0241 0.0055 0.0120 0.0050 

Oklahoma Oklahoma 

City 

35.4531 -97.5144 0.0978 0.1678 0.0418 0.0124 0.0244 0.0065 

Oklahoma Tulsa 36.0699 -95.9592 0.0404 0.0834 0.0408 0.0091 0.0196 0.0062 

Missouri Springfield 37.1986 -93.2981 0.0577 0.1234 0.0575 0.0105 0.0238 0.0076 

Iowa Des Moines 41.5938 -93.6109 0.0199 0.0400 0.0296 NaN 0.0093 0.0044 

Minnesota Ely 47.9021 -91.8680 0.0094 0.0207 0.0070 NaN NaN NaN 
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State City Latitude Longitude PGA75 SS-75  S1-75 PGA10 SS-10 S1-10 

North 

Dakota 

Fargo 46.8739 -96.7922 0.0146 0.0310 0.0095 NaN NaN NaN 

North 

Dakota 

Casselton 46.9004 -97.2111 0.0143 0.0306 0.0097 NaN 0.0052 NaN 

North 

Carolina 

Asheville 35.5949 -82.5518 0.0959 0.1734 0.0518 0.0218 0.0442 0.0114 

Florida Miami 25.7615 -80.1919 0.0093 0.0184 0.0103 NaN NaN NaN 

Georgia Atlanta 33.7486 -84.3884 0.0576 0.1163 0.0488 0.0165 0.0351 0.0101 

Florida Jacksonville 30.3329 -81.6560 0.0297 0.0632 0.0297 0.0050 0.0110 0.0046 

North 

Carolina 

Charlotte 35.2186 -80.8402 0.0626 0.1266 0.0455 0.0141 0.0299 0.0090 

Virginia  Virginia 

Beach 

36.8525 -75.9795 0.0222 0.0474 0.0209 NaN 0.0107 0.0041 

Alabama Mobile 30.6929 -88.0428 0.0281 0.0570 0.0340 0.0060 0.0130 0.0058 

New York Amherst 42.9996 -78.7850 0.0441 0.0824 0.0233 0.0068 0.0153 0.0057 

Massachuset

ts 

Boston 42.3598 -71.0590 0.0825 0.1454 0.0327 0.0134 0.0278 0.0071 

Maine Portland 43.6597 -70.2519 0.0873 0.1552 0.0366 0.0159 0.0328 0.0079 

Vermont Burlington 44.4757 -73.2124 0.1147 0.1981 0.0444 0.0223 0.0451 0.0097 

New York Manhattan 40.7827 -73.9716 0.0855 0.1447 0.0285 0.0097 0.0207 0.0061 

Pennsylvania Philadelphia 39.9532 -75.1644 0.0509 0.0952 0.0240 0.0079 0.0168 0.0058 

Washington 

DC 

Washington 

DC 

38.9054 -77.0352 0.0379 0.0751 0.0229 0.0072 0.0153 0.0053 

Maryland Baltimore 39.2901 -76.6121 0.0390 0.0765 0.0226 0.0070 0.0151 0.0053 

Illinois Chicago 41.8777 -87.6299 0.0331 0.0665 0.0352 0.0064 0.0142 0.0055 

Ohio Columbus 39.9608 -82.9990 0.0353 0.0713 0.0342 0.0085 0.0184 0.0074 

Indiana Indianapolis 39.7678 -86.1565 0.0542 0.1091 0.0472 0.0112 0.0246 0.0082 

Kentucky Louisville 38.2465 -85.7555 0.0614 0.1282 0.0561 0.0137 0.0303 0.0097 

Michigan Detroit 42.3310 -83.0477 0.0288 0.0581 0.0261 0.0060 0.0129 0.0055 

California San 

Francisco 

37.7524 -122.4229 0.5851 1.3242 0.4382 0.1831 0.4057 0.1173 

Nevada Las Vegas 36.1694 -115.1375 0.1422 0.3211 0.0967 0.0309 0.0660 0.0267 

California San Diego 32.7155 -117.1617 0.4229 0.9631 0.2627 0.0753 0.1635 0.0554 

California San Jose 37.3371 -121.8881 0.6751 1.5906 0.4938 0.2644 0.5929 0.1625 

California Sacramento 38.5813 -121.4944 0.1720 0.3863 0.1487 0.0659 0.1413 0.0536 

California Oakland 37.8034 -122.2712 0.6632 1.5430 0.4875 0.2196 0.4863 0.1387 

California Bakersfield 35.3732 -119.0190 0.2870 0.6418 0.1966 0.0948 0.2040 0.0617 

California Costa Mesa 33.6397 -117.9197 0.3897 0.8847 0.2620 0.1223 0.2701 0.0786 

California Corona 33.8753 -117.5665 0.6875 1.6034 0.4708 0.2029 0.4474 0.1236 

California Modesto 37.6387 -120.9975 0.2098 0.4744 0.1608 0.0811 0.1773 0.0612 

Nevada Reno 39.5289 -119.8150 0.4737 1.1077 0.3242 0.1318 0.2974 0.0797 
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State City Latitude Longitude PGA75 SS-75  S1-75 PGA10 SS-10 S1-10 

California Los Angeles 34.0520 -118.2437 0.5917 1.3706 0.4013 0.1698 0.3751 0.1036 

Utah Salt Lake 

City 

40.7598 -111.8929 0.4112 0.9393 0.2732 0.0459 0.1001 0.0316 

Wyoming Jackson 43.4794 -110.7637 0.2951 0.6679 0.1765 0.0723 0.1590 0.0417 

Utah Provo 40.2339 -111.6589 0.3528 0.7959 0.2347 0.0426 0.0922 0.0285 

Idaho Twin Falls 42.5504 -114.4622 0.0531 0.1172 0.0463 0.0147 0.0310 0.0157 

Utah Trout Creek 39.6890 -113.8285 0.0719 0.1592 0.0541 0.0175 0.0373 0.0171 

Wyoming Rock Springs 41.5863 -109.2027 0.1038 0.1811 0.0452 0.0216 0.0442 0.0143 

Nevada Elko 40.8293 -115.7638 0.1350 0.3059 0.0859 0.0272 0.0587 0.0200 

Utah Delta 39.3507 -112.5783 0.1192 0.2682 0.0796 0.0319 0.0692 0.0227 

Idaho Idaho Falls 43.4874 -112.0343 0.1130 0.2545 0.0802 0.0346 0.0756 0.0274 

Nevada Jarbridge 41.8732 -115.4306 0.0794 0.1768 0.0547 0.0166 0.0351 0.0150 

Tennessee Memphis 35.1463 -90.0491 0.3586 0.6247 0.1694 0.0351 0.0680 0.0135 

Arkansas Jonesboro 35.8261 -90.7199 0.3965 0.6833 0.1875 0.0397 0.0756 0.0139 

Arkansas Paragould 36.0513 -90.5046 0.4046 0.6992 0.1922 0.0441 0.0823 0.0147 

Missouri St. Louis 38.6122 -90.2283 0.1525 0.2835 0.0886 0.0236 0.0484 0.0108 

Illinois Salem 38.6001 -88.9704 0.1918 0.3399 0.0983 0.0292 0.0578 0.0120 

Indiana Evansville 37.9701 -87.5720 0.1833 0.3297 0.0984 0.0283 0.0563 0.0125 

Arkansas Searcy 35.2446 -91.7347 0.1945 0.3539 0.1060 0.0249 0.0502 0.0109 

Arkansas Jefferson 34.2268 -91.9099 0.0953 0.1945 0.0740 0.0142 0.0306 0.0084 

Alabama Florence 34.7932 -87.6804 0.1009 0.2055 0.0793 0.0176 0.0386 0.0110 

Tennessee Jackson 35.6112 -88.8133 0.2568 0.4740 0.1443 0.0327 0.0648 0.0136 

South 

Carolina 

Charleston 32.7761 -79.9308 0.4588 0.7301 0.1484 0.0236 0.0430 0.0095 

Georgia Savannah 32.0726 -81.1047 0.0911 0.1771 0.0532 0.0115 0.0235 0.0070 

South 

Carolina 

Columbia 33.9495 -81.1126 0.1137 0.2107 0.0584 0.0172 0.0351 0.0094 

South 

Carolina 

Greenville 34.7636 -82.4799 0.1035 0.1836 0.0530 0.0207 0.0425 0.0112 

South 

Carolina 

Myrtle 

Beach 

33.6658 -78.9018 0.0877 0.1717 0.0509 0.0101 0.0210 0.0060 

Georgia Jesup 31.5941 -81.8835 0.0509 0.1052 0.0409 0.0084 0.0181 0.0064 

Georgia Baxley 31.7718 -82.3560 0.0473 0.0983 0.0402 0.0087 0.0188 0.0068 

Georgia Augusta 33.4706 -82.0172 0.0850 0.1635 0.0518 0.0161 0.0333 0.0093 

North 

Carolina 

Wilmington 34.2180 -77.9387 0.0443 0.0929 0.0338 0.0060 0.0138 0.0044 

North 

Carolina 

Lumberton 34.6106 -79.0118 0.0587 0.1206 0.0430 0.0092 0.0200 0.0067 

Wyoming Missoula 46.8325 -113.9941 0.1141 0.2567 0.0741 0.0279 0.0608 0.0204 

California Redding 40.5789 -122.3932 0.3178 0.7125 0.2403 0.0848 0.1844 0.0561 

Oregon Medford 42.3133 -122.8711 0.1812 0.3943 0.1878 0.0299 0.0636 0.0293 
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State City Latitude Longitude PGA75 SS-75  S1-75 PGA10 SS-10 S1-10 

Washington Kennewick 46.1670 -119.1138 0.1068 0.2356 0.0798 0.0221 0.0460 0.0169 

Washington Yakima 46.6123 -120.5255 0.1367 0.3050 0.1079 0.0367 0.0793 0.0255 

Montana Miles City 46.3645 -105.8862 0.0250 0.0535 0.0173 0.0057 0.0131 0.0040 

Tennessee Chattanooga 35.0335 -85.3130 0.1606 0.2622 0.0658 0.0275 0.0538 0.0129 
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A.5 Weight of Example Temporary Bridge  

Given below in Tables A-3, A-4, and A-5 are the weights of the structural components used in the 

example spectral reduction in Section 6. 

 

Table A-3: Weight of each span for temporary bridge example 

Bridge Span Element Unit Weight Total Weight 

(12)  Hollow Core Slab 3’ x 1’9” 0.47 kip/ft 5.46 kip/ft 

(2)  Barrier Rail 0.45 kip/ft 0.90 kip/ft 

2.75” Asphalt Wearing Surface  0.14 kip/ft3 1.09 kip/ft 

0.75” OGFC  0.14 kip/ft3 0.30 kip/ft 

Epoxy Coated Reinforcing Steel - 0.084 kip/ft 

Reinforcing Steel - 0.13 kip/ft 

Total Distributed Weight  7.96 kip/ft 

Total Weight  398 kip 

 

 

Table A-4: Weight of each intermediate bent for temporary bridge example 

Bent Element Unit Weight Total Weight 

40’10” x 3’ x 2’6” Cap Beam  0.145 kip/ft3 44.41 kip 

(8)  12’ x 16”ϕ Prestressed Piles 1.59 tons 25.44 kip 

Pile Blockout Grout 1 CY  0.145 kip/ft3 3.92 kip 

Additional Steel  - 1.06 kip 

Total Weight  74.83 kip 
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Table A-5: Weight of each end bent for temporary bridge example 

Bent Element Unit Weight Total Weight 

42’ x 3’ x 2’6” Cap Beam  0.145 kip/ft3 45.68 kip 

(8)  8’ x 16”ϕ Prestressed Piles 1.59 tons 16.96 kip 

Pile Blockout Grout 1 CY  0.145 kip/ft3 3.92 kip 

Additional Steel  - 1.20 kip 

Concrete for Wings 0.7 CY 0.145 kip/ft3 2.74 kip 

Total Weight  70.50 kip 
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MCEER Technical Reports 
 

MCEER publishes technical reports on a variety of subjects written by authors funded through MCEER.  These reports can be 
downloaded from the MCEER website at http://www.buffalo.edu/mceer.  They can also be requested through NTIS, P.O. Box 
1425, Springfield, Virginia 22151.  NTIS accession numbers are shown in parenthesis, if available. 
 
NCEER-87-0001 "First-Year Program in Research, Education and Technology Transfer," 3/5/87, (PB88-134275, A04, MF-

A01). 
 
NCEER-87-0002 "Experimental Evaluation of Instantaneous Optimal Algorithms for Structural Control," by R.C. Lin, T.T. 

Soong and A.M. Reinhorn, 4/20/87, (PB88-134341, A04, MF-A01). 
 
NCEER-87-0003 "Experimentation Using the Earthquake Simulation Facilities at University at Buffalo," by A.M. Reinhorn 

and R.L. Ketter, not available. 
 
NCEER-87-0004 "The System Characteristics and Performance of a Shaking Table," by J.S. Hwang, K.C. Chang and G.C. 

Lee, 6/1/87, (PB88-134259, A03, MF-A01).  This report is available only through NTIS (see address given 
above). 

 
NCEER-87-0005 "A Finite Element Formulation for Nonlinear Viscoplastic Material Using a Q Model," by O. Gyebi and G. 

Dasgupta, 11/2/87, (PB88-213764, A08, MF-A01). 
 
NCEER-87-0006 "Symbolic Manipulation Program (SMP) - Algebraic Codes for Two and Three Dimensional Finite Element 

Formulations," by X. Lee and G. Dasgupta, 11/9/87, (PB88-218522, A05, MF-A01). 
 
NCEER-87-0007 "Instantaneous Optimal Control Laws for Tall Buildings Under Seismic Excitations," by J.N. Yang, A. 

Akbarpour and P. Ghaemmaghami, 6/10/87, (PB88-134333, A06, MF-A01). This report is only available 
through NTIS (see address given above). 

 
NCEER-87-0008 "IDARC: Inelastic Damage Analysis of Reinforced Concrete Frame - Shear-Wall Structures," by Y.J. Park, 

A.M. Reinhorn and S.K. Kunnath, 7/20/87, (PB88-134325, A09, MF-A01). This report is only available 
through NTIS (see address given above). 

 
NCEER-87-0009 "Liquefaction Potential for New York State: A Preliminary Report on Sites in Manhattan and Buffalo," by 

M. Budhu, V. Vijayakumar, R.F. Giese and L. Baumgras, 8/31/87, (PB88-163704, A03, MF-A01).  This 
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