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The 2003 International Residential Code (2003 IRC) (International Code Council, 2003) was

adopted in 2004 by the Washington State Legislature as the official state building code for detached

one- and two-family dwellings and townhouses not more than three stories in height with separate

means of egress. Poelstra and Palmer (2004) prepared seismic design category maps, based on the

1996 National Seismic Hazard Maps (Frankel and others, 1996) for residential construction in

Washington, to assist local building officials, property owners, and developers. However, the

recently published 2006 IRC (International Code Council, 2006b), adopted for use in Washington

beginning on July 1, 2007, requires changes in seismic design categories (see Table 2). In the 2006

IRC, compared to the 2003 IRC, the former category D1 is subdivided into categories D0 and D1 (see

Table 2), as defined in Section R301.2.2, specifically in Table R301.2.2.1.1, of the 2006 IRC.

Accordingly, we have prepared two new seismic design category maps for Washington State,

incorporating this category change and using updated spectral acceleration values provided by the

U.S. Geological Survey (USGS).

A generalized map of seismic design categories for the conterminous United States is shown in

Figure R301.2(2) of the 2006 IRC. This map was prepared based on default site class D, as defined

in Table 1613.5.2 of the 2006 International Building Code (2006 IBC) (International Code Council,

2006a), and on calculated short-period design spectral response acceleration values, SDS, as defined

in Section 1613.5.3 and 1613.5.4 (2006 IBC). We provide two new seismic design category maps for

Washington: Sheet 1, which is equivalent to the map given in Figure R301.2(2) of the 2006 IRC in

that it assumes site class D for the entire state (see shaded row in Table 1); and Sheet 2, for which we

used the site class map of Washington State (Palmer and others, 2004) to identify specific site

classes across the state.

In the creation of our seismic design category maps, we calculated SDS values at 5 percent critical

damping, using as inputs the 2003 revision of the U.S. Geological Survey’s 2002 short-period (0.2

sec.) accelerations (SS) having a 2 percent probability of exceedance in 50 years (Frankel and others,

2002; Nicolas Luco, USGS, written commun., 2007), which represent the maximum considered

earthquake (MCE) of standard ASCE/SEI 7-05 (American Society of Civil Engineers, 2006). These

0.05 decimal-degree gridded SS values can be downloaded in ASCII format from the USGS National

Seismic Hazard Maps (NSHM) website at 

http://earthquake.usgs.gov/research/hazmaps/products_data/48_States/index.php.

The methodology described in the 2006 IBC and 2006 IRC and used to generate Sheets 1 and 2 can

be summarized as follows. (Scripts and further documentation relevant to the process steps are

provided as an attachment to this publication.) The maximum considered earthquake (MCE) spectral

response acceleration for short periods (SMS) is determined using the following equation:

where SS  is the mapped spectral acceleration for short periods (0.2 sec.), as described above and

shown in Figure 1613.5(1) of the 2006 IBC, and Fa is the site coefficient defined in Table

1613.5.3(1) of the 2006 IBC (included below as Table 1). For Sheet 2, where we used the site class

map for Washington State (Palmer and others, 2004) to determine site class, we converted mixed

classifications on the site class map to single-letter representations by conservatively assigning the

site class representing lower-bound shear-wave velocities, such as converting ‘B-C’ to ‘C’, ‘C-D’ to

‘D’, and ‘D-E’ to ‘E’.

Table 1. Values of site coefficient Fa as a function of site class and mapped

spectral response acceleration at short periods (SS) (from Table 1613.5.3(1) of

the 2006 IBC).

* Site-specific ground motion procedures are required and values shall be

determined in accordance with Section 11.4.7 of standard ASCE/SEI 7-05

(American Society of Civil Engineers, 2006).

The 5 percent damped design spectral response acceleration (SDS) at short periods, according to

section 1613.5.4 of the 2006 IBC, is determined from the following equation:

Finally, seismic design categories can be determined based on calculated SDS values in accordance

with Table R301.2.2.1.1 of the 2006 IRC (given as Table 2 below).

Table 2. Seismic design category determination (from Table R301.2.2.1.1 of the 2006 IRC).
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INPUTS

Washington Division Geology and Earth Resources

Digital geology map (1:250,000) 

Geophysical (Average Shear-wave velocities;Vs30meters)  

INPUTS

Earthquake Attenuation Curves

Geologic-Tectonic Maps

Past Earthquakes Information

Active Fault Parameters

Determined Earthquake Source Zones

Maximum Considered

Earthquake (MCE) 

(downloaded from the USGS National Seismic 

Hazard Program web site)

(use 0.05º point gridded, ASCII  file)

Assign seismic design categories: 

1) Use Table 2 as a look up table.

2) Use Map Algebra Script  for conditional 

calculation in Spatial Analyst with ArcGIS

(for grid-based calculation

Calculation of Sms and Sds values:

1) Use Microsoft Excel for calculations

2) Use Table 1613.5.3 (1) of the 2006 IBC 

for calculation method

Convert Seismic Design Category ESRI-

ArcGIS grid file to ArcGIS polygon 

shapefile and dissolve

Seismic Design Category Map 
(using assumption of the NEHRP site class D 

for the entire State of Washington)

Overlay site class F attributes 

(peat deposits) directly  from site class 

map (Palmer and others, 2007) 

and use site class F as part of the  

Seismic Design Categories.

Table 1613.5.3(1)

2006 IBC

(Use site class D only  

for the Fa values –shaded area 

in Table 1)

Table 2

(use Map Algebra 

Script)

Convert Sds ASCII data file 

to point ESRI shape file,

then to ESRI grid file (100-feet cell size)

Earthquake Hazard Maps
U.S. Geological Survey 

National Seismic Hazard Program

Site Class Map
Washington Division of 

Geology and Earth Resources
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GIS Editing

1) Overlay demographic information 

2) Generate PDF files and publish as static maps (Sheets 1 and 2)

3) Generate (SDE) geodatabase

4) Create .mxd  for ArcGIS Map Document

5) Disseminate data through ArcIMS Server

GIS 

Editing 

Steps

1 and 2

GIS 

Editing 

Steps

3,4 and 5

Washington State 

Geologic Information Portal 

Interactive Mapping
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Natural Neighbor  Interpolation)

(Shape to Grid conversion) 
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data (Ss values) 

to shape file:  

Interpolate the point 

Ss shape file and 

generate ESRI grid 

file with  

100-foot grid cells

Calculate 

Sms

values

(use AML script)

(grid-based calculation)

Calculate Sds values:

Sds=(2/3)* Sms

(use AML script) 

(grid-based calculation)
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Table 1 
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Table 2
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script for table)

Seismic  Design  

Category Map
(using statewide 

NEHRP site class map)

IRC 2007 
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Map for of Washington
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shape file) 

NEHRP 

Site Class Map

(Palmer and others, 2004)

(shape file)

Assign Category Names

( use ArcMap-ArcGIS)

and generate final 

Seismic design Categories 

shape file 

Maximum Considered

Earthquake (MCE) 

(downloaded from the USGS Earthquake 

Hazard Program web site)

(0.05 deg point gridded, ASCII file)
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