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summary Flow Charts for Generating Digital Seismic Design Category Maps

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 GIS Editing o _
Wiashington, to assist local building officials, property owners, and developers. However, the 1) Overlay demographic information |
recently published 2006 IRC (International Code Council, 2006b), adopted for use in Washington INPUTS 2) Generate PDF files and publish as static maps (Sheets 1 and 2)
beginning on July 1, 2007, requires changes in seismic design categories (see Table 2). In the 2006 Earthauake Attenuation CuUrves Maximum Considered 2) genetrate (inE) oa\eocéaltsliﬂaseD t
IRC, compared to the 2003 IRC, the former category D1 is subdivided into categories DO and D1 (see q _ _ arthquake (MCE) - ) reale.mxd for Arc ap boctmen
N . " . Geoloagic-Tectonic Mabps lmmieEEelirom e LSEs Neltonsl] SeiEmie 5) Disseminate data through ArcIMS Server
Table 2), as defined in Section R301.2.2, specifically in Table R301.2.2.1.1, of the 2006 IRC. 9 ps Hazard Program web site)
Accordingly, we have prepared two new seismic design category maps for Washington State, Past Earthquakes Information (use 0.05° paint gridded, ASCII file)
Incorporating this category change and using updated spectral acceleration values provided by the Active Fault Parameters l —
U.S. Geological Survey (USGS). ' e -
Determined Earthquake Source Zones Caleulation of Sme and Sds values. Tablgolo%l?é% 3(1)
i .. i i i i i i 1) Use Microsoft Excel for calculations U e ol D onl
A_ generalized map of seismic design categories for the conterminous United States IS shown In 2) Use Table 1613.5.3 (1) of the 2006 IBC #+—| rth( Ee Si <Ie C assh gn 5/ r
Figure R301.2(2) of the 2006 IRC. This map was prepared based on default site class D, as defined for calculation method orte a‘i’rf‘#:;;i)a ed area
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 l _
in Section 1613.5.3 and 1613.5.4 (2006 1BC). We provide two new seismic design category maps for Ctoon"gllf]tsé’; Qf;';d:ﬁ;”e
Washington: She_et 1, which is equiva!ent to the map given in F_igure R301.2(2) of the 2006 IRF: In v then to ESpRI grid file (105_ feet cell size)
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 — — l
classes across the state. — D
Table 2 ; ‘
Assign seismic design categories: ve® MER AlsEEE o .
In the creation of our seismic design category maps, we calculated SDS values at 5 percent critical Earthquake Hazard Maps 1) Use Table 2 as a look up table. ~ f¢ | ( Scﬁpt)g E=tT
damping, using as inputs the 2003 revision of the U.S. Geological Survey’s 2002 short-period (0.2 U.S. Geological Survey i; Igj; tllg?]pi r’f‘lsgsgtrizliﬁlﬁ;;ﬁﬁﬁ'ﬁggl‘g'
sec.) accelerations (SS) having a 2 percent probability of exceedance in 50 years (Frankel and others, National Seismic Hazard Program (for grid-based calculation
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 \ l
0.05 decimal-degree gridded SS values can be downloaded in ASCII format from the USGS National
PR : Convert Seismic Design Category ESRI-
Se|s.m|c Hazard Maps (NSHM) website at | AreGIS grid file to ArcGIS polygon
http://earthquake.usgs.gov/research/hazmaps/products_data/48 States/index.php. shapefile and dissolve
The methodology described in the 2006 IBC and 2006 IRC and used to generate Sheets 1 and 2 can l
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 . .
: : : : : . S Overlay site class F attributes
response acceleration for short periods (Sy,s) Is determined using the following equation: (peat deposits) directly from site class - :
map (Palmer and others, 2007) —* Seismic Design Category Map
and use site class F as part of the (using assumption of the NEHRP site class D ’(.'5\
S MS — l:a S S Seismic Design Categories. for the entire State of Washington) < ” E
where S Is the mapped spectral acceleration for short periods (0.2 sec.), as described above and E '%
shown In Figure 1613.5(1) of the 2006 IBC, and F, 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 8_ % = —
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 L E Washington State
site class representing lower-bound shear-wave velocities, such as converting ‘B-C’ to ‘C’, ‘C-D’ to / N = : .
Ty e ST g o = Geologic Information Portal
D,and D-E’to ‘E’. N . .
Interactive Mapping
NEHRP
Table 1. Values of site coefﬁment F,asa functlon of site class and mapped Maximum Considered Site Class Map -
spectral response acceleration at short periods (SS) (from Table 1613.5.3(1) of Earthquake (MCE) [Pelimer et @inels, 2004)
the 2006 IBC). (downloaded from the USGS Earthquake Elepe e
Hazard Program web site)
Site class Mapped spectral response acceleration at short periods (0.05 deg point gridded, ASCII file)
S; <0.25 S¢=0.50 S;=0.75 S;=1.00 S.>1.25 GIS
| v Editing
A 0.8 0.8 0.8 0.8 0.8 . SiEpe
Convert the Interpolate the site class shape 3.4 and 5
B 1.0 1.0 1.0 1.0 1.0 file and generate ESRI grid file
LGS HCEASCH with a 100-foot cell size (use
< 1.2 1.2 11 10 L0 Sl (58 vElles) Spatial Analyst- —»>
D 1.6 1.4 1.2 1.1 1.0 to shape file: Natural Neighbor Interpolation)
E 25 17 1.2 0.9 0.9 (Shape to Grid conversion)
l: * * * * * l l
* Site-specific ground motion procedures are required and values shall be < / > Interpolate the point Calculate
determined in accordance with Section 11.4.7 of standard ASCE/SEI 7-05 Ss Shc'j[lpeE fSIIE IanqlOI ’ Sms Use
: : i : _ QEIELES =il values Table 1 REFERENCES
(American Society of Civil Engineers, 2006). Site Class I\/Iap file with (use AML script inlude al
_ _ _ _ N . : 100-foot grid cells (grid-based calculation) site classes ASCE/SEI 7-05, 2006, Minimum design loads for buildings and other structures, American Society of Civil Engineers.
The 5 percent damDEd deSIQn SpeCtral response acceleration (SDS) at short perIOdS’ aCCOI'dlng to Was |ngt0n DIVISlon 0 from A to E) Cakir, Recep; Walsh, Timothy J., 2007, Seismic design category maps for residential construction in Washington: Washington
section 1613.5.4 of the 2006 IBC, is determined from the following equation: Geology and Earth Resources Division of Geology and Earth Resources Open File Report 2007-4, 2 plates. URL: http://www.dnr.wa.gov/Publications/ger_ofr2007-
4 seismic_design_categories.zip
2 \ / Use \ Frankel, Arthur; Mueller, Charles; Barnhard, Theodore; Perkins, David; Leyendecker, E. V.; Dickman, Nancy; Hanson, Stanley;
S —— S Table 2 Hopper, Margaret, 1996, National seismic-hazard maps—Documentation June 1996: U. S. Geological Survey Open File Report 96-
DS - MS IRC 2007 ( ggne(rarate Calculate Sd | 532, 110 p. URL: http://earthquake.usgs.gov/research/hazmaps/publications/hazmapsdoc/Junedoc.pdf
- : : alCulate S values:
3 / N\ Seg;?ézg,le:;gn a map algebra Sds=(2/3)* Sms (F:rarékel, Arth(l;Jr;HD; PsterseDn,MM.RD.l;(I\llulellel,(CS. Sgol—éeélleDr, K. M, \lvrt\_eek;zr, It?h LgoLoezyen(;el:kerf,tE. V., tyveslson_, R. Lh Hardmsen, S.
- - - - - - - i c ., Cramer, C. R; FPerkins, . M, RUKStales, K. o5., , bocumentation 1or the update o € national seismic nazard maps.:
Finally, seismic design categories can be determined based on calculated SDS values in accordance (ESRI Grid) Script for table) (use AML script) U5, Geologioal Survey Open File Report 02-420. 33 p. URL: hitp:/learthquake, usge.goviresearchhazmaps/publications/ofoz.
with Table R301.2.2.1.1 of the 2006 IRC (given as Table 2 below). (grid-based calculation) 420/0FR02-420.pef
- - - - - 2N ESRI (2008). ArcGIS 9.2. GIS and Mapping Software. URL: http://www.esri.com/.
Table 2. Seismic d@Slgn category determination (frOm Table R301.2.2.1.1 of the 2006 |RC) l International Code Council, 2003, International residential code for one- and two-family dwellings: International Code Council, Inc.,
. : 608 p.
Seismic Design Category Calculated S, (9) INPUTS
A S 0 1[7)8 WaShln tOn DIVISIOn Geolo and Earth RESOU rces International Code Council, 20064, International building code: International Code Council, Inc., 666 p.
<0. .
DS — g - . gy ] IRC 2007 Assign Category Names International Code Council, 2006b, International residential code for one- and two-family dwellings: International Code Council, Inc.,
B 0.17 < Sy5<0.33 D|g|tal geology map (1250,000) Sefaie st Cassem (use ArcMap-ArcGIS) 670 p.
C 0.33< 5= 0.50 Geophy3|ca| (Ave rage Shear'Wave Ve|OCItIeS,VS30mete I‘S) Map for of Washington |—* Seis?nrl(c:l gggiel]atgallgalc)ries Poelstra, J. L.; Palmer, S. P., 2004, Seismic design category maps for residential construction in Washington: Washington
(converted to polygon g ) g Department of Natural Resources Division of Geology and Earth Resources, 2 sheets, scale 1:500,000.
D, 0.50 < S5<0.67 shape file) shape file
P Palmer, S. P.; Magsino, S. L.; Bilderback, E. L.; Poelstra, J. L.; Folger, D. S.; Niggemann, R. A., 2004, Liquefaction susceptibility
Dl 0.67 < SDS <0.83 and site class maps of Washington State: Washington Division of Geology and Earth Resources Open File Report 2004-20, 78
5 083<S_ <117 sheets, with 45 p. text. URL: http://www.dnr.wa.gov/geology/pubs/ofr04-20/
E2 . S :f 17 - U.S. Geological Survey National Seismic Hazard Mapping Program. URL.: http://earthquake.usgs.gov/research/hazmaps/
DS )
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