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Introduction 

In my role as consultant to the panel of experts evaluating the equipment qualification work 
for the NRC, I was asked to estimate ground motions at selected FOAKE sites. This report presents 
my estimates and the method used to arrive at the estimates. After a brief description of the method, 
I present the results with a short description of particular considerations for each site, if needed. For 
clarity of presentation, tables giving the details of the estimates are gathered together in an appendix. 
Another appendix contains plots of the acceleration response spectra for each station used in the 
estimation process, with the average level from 3 to 8 Hz (the measure of ground motion used in the 
report) given by horizontal lines. 

Method 

The method for estimating the mean ground motion from a particular earthquake at a 
specified site required finding nearby strong motion recordings, computing the ground motion 
measure of interest, and correcting these recordings for differences in site geology and for 
differences in the distance from the sites to the earthquake. In addition, uncertainty bounds are 
computed that account for the distance between the reference site and the recording site. 

In somewhat more detail, these steps are as follow: 

1. Search strong-motion database for all recordings within a radius of 10 km. 

2. Determine the distance from the reference site to each strong-motion station 
identified in step 1. 

3. 

4. 

Pick one or several recordings fiom this set, depending on proximity to the reference 
site and similarity of site geology. 

Compute the response spectra for each site, in most cases using uncorrected 
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5 .  

6. 

7. 

8. 

9. 

acceleration data with a least-square fitted straight line removed (no instrument 
correction or high- and low-cut filtering was done). 

For each horizontal component, compute the average acceleration response spectra 
(SJ between 3 and 8 Hz, according to 

8 

where S ,  is the relative displacement of a 5 percent damped oscillator with natural 
fiequency f Find the arithmetic average of Sa for each horizontal component. Plots 
of all spectra used are given in Appendix C. 1. 

Determine the shortest distance fiom each strong-motion recording station and the 
reference site to the surface projection of the rupture surface (the boundaries of the 
rupture surface were extracted fiom published studies of each earthquake, using my 
judgment as to the best estimate of the rupture surface). 

Assign a shear-wave velocity to each station and to the reference site. This is the 
time-averaged velocity over the first 30 m of depth, computed as 30 m divided by the 
travel time fiom the surfice to 30 m. In some cases velocities from a nearby borehole 
were available, but in most cases the velocities were estimated from boreholes in 
geologic materials similar to those under the site; Tom Fumal, who has had years of 
experience in making these assessments, helped me in assigning the velocities. 

For each recording to be used in the estimation, correct for differences in site 
response and distance to the earthquake by multiplying average spectral acceleration 
by the correction factor 

where psv is the response spectrum predicted fiom the regression equations of Boore, 
Joyner, andmFumal(1993 and 1994), and kf, d, and vsta are the earthquake-to-site 
distances and average sub-site shear velocity for the reference and recording site, 
respectively (I have included in Appendix C.3 a listing of the Fortran program used 
in the analysis). 

Compute the geometric mean of the corrected estimates (i.e., average the logs of the 
corrected estimates and raise 10 to this average of the logs). 
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10. Approximate the plus and minus one sigma uncertainty ranges by multiplying and 
dividing the averaged corrected spectral estimate by the factor 

The basis for this equation is given in the next section. 

Uncertainty in Estimates 

Analysis of scatter about regression curves yields the uncertainty in the prediction of any one 
value of ground motion. The analyses that I have been associated with have regressed on the 
common log of the ground motion, and all of my discussion here will refer to logs to the base 10. 
We found from our regression work that the within-earthquake C J , ~ ~  was 0.188 and 0.182 for the 
larger and random horizontal peak acceleration, respectively, for earthquakes with magnitudes 
between 6.0 and 6.9. (I am assuming that the uncertainty of the 340-8 Hz averaged spectral 
acceleration will be similar to that for the peak acceleration.) In the application in this report, nearby 
records provide an estimate of the actual mean motion at the reference site, but because there is a 
spatial variation in ground motion, the reference site motion will be uncertain even if the true value 
of the mean of the motions within a small region surrounding the site has been determined. Clearly, 
this additional uncertainty reduces to zero ifthe recording site is at the exact location of the reference 
site. On the other hand, for a great enough separation distance, the spatial correlation reduces to zero 
and the additional uncertainty reaches that for an individual observation. This discussion suggests 
the following equation for the variance of the estimated motion at the reference site (because ground 
motions are well-approximated by a lognormal distribution, the standard deviations in the following 
discussion are those of the log of the ground motion; uncertainty ranges for the ground motion are 
given by respectively multiplying and dividing the ground motion by 10 raised to a power equal to 
the standard deviation): 

2 2 1 
aref = ash (1 + -) N F(A)2, 

where oh is the standard deviation of an individual observation (e.g., 0.182 for the random horizontal 
component of peak acceleration), and N is the number of recordings used in the average (the term 
in N accounts for the uncertainty in the estimate of the mean motion). F(A) is a bc t ion  that 
accounts for the spatial correlation of the motion, where A is the average separation between 
recording station and reference site; F takes on values of 0.0 and 1.0 for A =O and A= 03, 

respectively. 
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I estimated F(A) by studying larger peak horizontal accelerations from the 1994 Northridge 
mainshock (the most complete data set available to me), supplemented by studies of spatial variability 
in small arrays (Abrahamson and Sykora, 1993), the SMART 1 array in Taiwan (Abrahamson, written 
commun, 1995), and local regions in the 1971 San Fernando earthquake (McCann and Boore, 1983). 
The analysis for the Northridge data followed these steps: 

1. 

2. 

3.  

4. 

5 .  

Compute A for all pairs of stations, keeping only those for which the separation was 
less than 10 km (over 600 pairs). 

For each pair, compute the difference of the larger peak horizontal acceleration after 
correcting for differences in distance from the station to the earthquake (the distance 
attenuation used for this correction was derived in the course of the analysis as 
corrections to the average attenuation of Boore, Joyner, and Fumal, 1993). 

Divide the range of A into bins such that 15 station pairs are within each bin. This 
was done so that a reasonable estimate of the variance of the residuals could be 
obtained for each bin. 

Compute the standard deviation of the residuals within each A bin. 

Plot the standard deviations against the median distance for each bin, and fit a 
hction to this plot, guided also by the Abrahamson and Boore and McCann studies. 
The results are shown in Figure C. 1. This procedure yielded the following equation 
for F(A): 

F = (1 - exp - e). 
Listings of the computer programs used in the analysis are included in Appendix C.3. 

I am aware that a whole computational structure (“kriging”) has been built up to deal with 
spatial estimation problems (e.g., Journel, 1989). I did not have time to learn about this structure, 
so I devised a simplified procedure that should give reasonable results (I have presented the 
uncertainty ranges to only one decimal place to emphasize the imprecision of the estimates). 

Results 

The results are summarized in Table C.l; details are given in tables gathered together in 
Appendix C.2. The detailed tables contain all the information used in the processing. In addition to 
the corrected values summarized in Table C. 1 , the Appendix tables give values uncorrected for 
distance and site differences. Although not annotated, the entries in the tables should be self 
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explanatory. 

There were many recordings for the Whittier Narrows earthquake, including a large number 
from the USC array. I have these data, but I have not yet entered them into my database. In view 
of the proximity of the Commerce Rehse reference site to the Bulk Mail facility (0.8 km) and the 
limited time available to me, I did not do a search for nearby stations that recorded the Whittier 
Narrows earthquake; I simply used the recording at the Bulk Mail facility. According to Ed 
Etheridge (personal communication, 1995) and the notes in the station files in the strong motion lab 
at the U.S.G.S., the Bulk Mail site is located within a very large warehouse with a slab foundation 
of considerable horizontal extent. It is very likely that the motions at the recording instrument were 
reduced by the slab, particularly for the higher fiequencies of interest to the FOAKE study. This will 
mean that the motions estimated from that record will be conservative for purposes of FOAKE. 

Note that for the Northridge earthquake two estimates are given for the Placerita cogen 
reference site and three for the Sylmar Converter Station reference site. For Placerita the nearest site 
is at Newhall (A = 3.5 km), but there were a number of additional sites at A s 7.5 km. The Newhall 
site is not so close that it is obvious that it alone should be used in the estimate. Note that the two 
estimates of the median motions are well within the uncertainty ranges. 

For the Sylmar Converter Station, the VG1-6 (Valve Group 1-6) record was obtained in the 
basement of the terminal building containing the equipment of interest. I assume that the reference 
site coincides with that building. Logically, the VG1-6 record should be used solely for the estimate 
of the motions of equipment in that structure. On the other hand, the VGl-6 spectrum is quite 
Merent from the nearby free-field recording near Valve Group 7 (Vc)7FF). I wonder whether the 
VG1-6 record is contaminated by building response and embedment depth effects. (The differences 
could, of course, also be due to variations in local geology or to the soil failure that was observed in 
the vicinity). I was instructed by the Panel to estimate fi-ee-field motions, which I have attempted to 
do. Modifications of the motion due to structural effects are the responsibility of others more 
qualified than I to do so. I do not have the expertise to evaluate the possible modifications of the 
VG1-6 record due to embedment and structure. If the modifications are small, then I would 
recommend using estimate 1 for equipment in the terminal building (and I note that during our 
meeting on March 29, 1995, the Panel instructed me to use only the VG1-6 record). In view of 
possible structural effects at VGl-6, for the Sylmar Converter Station reference site I think it might 
be most appropriate to use my second estimate, which combines the VG1-6 and VG7FF. For 
completeness, Table 1 also contains an estimate from VG7FF alone. 

I am assuming that most of the equipment at the Sylmar Converter Station is in the terminal 
building, but I do recall that we walked through Valve Group 7. If there is equipment in that 
structure, it should be considered a separate reference site. For completeness, I include in the 
summary table and in Appendix C.2 estimates for the Valve Group 7 building, using the average of 
the free field and floor spectra. 
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Table C. 1 
Summary of Results - SA Averaged from 3 to 8 Hz, in g. 

Site 

Altwind, NPS86 
Buckwind, NPS86 
Devers, NPS86 
Garnet Sub, NPS86 
Renwind, NPS86 
Sanwind, NPS86 
Terrawind, NPS86 
Venwind, NPS86 
Whitewater, NPS86 

Commerce Refbse, W87 

SC Telephone, LP89 
SC Water, LP89 
Soquel Water, LP89 
UCSC cogen, LP89 

Centerville, P92 
PALCO cogen, P92 

Financial Center, NR94 
Olive View cogen, NR94 
Placerita cogen, NR94: est. 1 
Placerita cogen, NR94: est. 2 
Rinaldi, NR94 
Sylmar CS, NR94: est. 1 
Sylmar CS, NR94: est. 2 
Sylmar CS, NR94: est. 3 
Sylmar CS, VG7. NR94 

FOAKE 

1.39 
1.39 
1.33 
1.39 
1.39 
1.39 
1.39 
1.39 
1.39 

1.03 

1.30 
1.26 
1.30 
1.23 

0.90 
0.93 

1.22 
1.20 
1.33 
1.33 
1.20 
1.20 
1.20 
1.20 
1.20 

Boore 

1.23 (0.8, 1.8) 
1.37 (1.0, 1.9) 
1.48 (1.1, 2.1) 
1.16 (0.8, 1.7) 
1.28 (0.8, 2.0) 
1.47 (1.0, 2.2) 
1.35 (0.9, 1.9) 
1.53 (1.0, 2.3) 
1.45 (0.9, 2.2) 

1.11 (0.8, 1.5) 

1.10 (0.7, 1.7) 
1.18 (0.8, 1.8) 
1.47 (1.0,2.1) 
1.30 (1.2, 1.4) 

1.00 (0.9, 1.1) 
0.93 (0.6, 1.4) 

1.52 (1.0, 2.3) 
1.18 (1.0, 1.4) 
1.26 (0.8, 2.0) 
1.10 (0.7, 1.6) 
1.33 (1.1, 1.6) 
0.62 (0.6, 0.6) 
0.82 (0.7, 0.9) 
1.09 (0.9, 1.3) 
1.05 (1.0, 1.1) 

Comments 

Using closest station 
Using 4 stations 

Using VG1-6 
Using VG 1-6 & VG7 FF 
Using VG7 FF 
Using VG7 FF & Bldg 
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Northridge 94 MS, larger pha, no site correction 
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Figure C .  1 - Standard deviation of difference of log of the larger peak horizontal acceleration as a 
function of interstation spacing. This provides the function F(A) referred to in the text. As an 
example of use, assume that a recording of 0.6 g was obtained 2 km from a reference site, and that 
the parameter of interest is larger peak horizontal acceleration (I assume that F(A) is independent of 
whether larger or random motions are being estimated--- those differences are accounted for in the 
leading term; see the equation in the text). If both the recording and reference sites are on the same 
geology and are both at the same distances from the earthquake, then the best estimate of the motion 
at the reference site is 0.6 g, with an uncertainty range given by 0.6/10°.18 = 0.4 and 0.6 x = 0.9; 
I would report this as 0.6 (0.4, 0.9). (The factor 0.18 came from the value of the dashed curve at 
an interstation spacing of 2 km.) 
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APPENDIX C. 1 

FIGURES OF RESPONSE SPECTRA 
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1986 N. Palm Springs, Whitewater Trout (BAP, lincor) 
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1992 Petrolia, Rio Dell 
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Sumnary of processing, f i l e  garnet-in 

Contents o f  input f i l e :  

l lste lORef2P IAvgVel lSunnaryFile 
2 7.0 520.0 garnet.sm 

IRS Swrce IFileConpl l f i tcCmp2 DSta24 DStr2Ref AvgVel lFi l&Plots 
devers a.rs2 devers c.rs2 4.!1 b4.77 6520.0 Iunk.co1 

b P  npatnaIa.rs2 npetmrc.rs2 4.71 02.51 0520.0 JtK#k.COl 

Results o f  Processing: 

For each station: 

FileConpl FileCmp2 SA1 SA2 Avg182 Corr: SA1 SA2 Avg182 
devers a.rs2 devers c.rs2 1.693 1.025 1.359 1.331 .E05 1.066 
npalm~a.rs2 npalnsIc.rs2 1.550 1.392 1.471 1.337 1.200 1.269 

Averaged over statians: 

AvgDSta2Ref Sig 1O-Sig AvgOverStations AvgCorrOverStations 
3.66 .17 1.49 1.41( 1.0, 2.1) 1 .W .8, 1.7) 
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sunwiry of processing, f i l e  renuind.in 

contents of input f i l e :  

INsta lORef2P IAvgVel ISurnaryFile 
3 5.5 520.0 renuind.sun 

IRS Source I F i  l e t m p l  IFileCanpZ Dsta20 DSta2Ref Avgvel IFile4Plots 
devers-a.rs2 devers-c.rs2 i.11 66.21 d520.0 Juc.k.coi 

bp- w a t e r  a.rs2 wueter-c.rs;! 0.00 08.34 0765.0 junk.col 
b P  npalms~a.rs2 npalms-c.rs2 4.71 09.29 0520.0 jurik.co1 

Results of Processing: 

For each station: 

filetocrpl FileC@ SA1 SA2 Avg182 Corr: SA: SA2 Aygl&2 
devers a.rs2 devers c.rs2 1.693 1,025 1.359 1.471 .890 t.180 
wetera. rs2 water-c.rs2 1.359 1.495 1.427 1.213 1.333 1.273 
npalmsIa.rs2 npalmsIc.rs2 1.550 1.392 1.471 1.477 1.326 1.401 

Averaged over s tar  i ons: 

AvgDSta2Ref S i  g 10's i g  AvgOver Stat ions AvgCorrOverStat ions 
7.95 .19 1.54 1.42( .9, 2.2) 1.28( .8, 2.0) 



Sunnary of processing, f i l e  sanuind.in 

Contents of inprt ii le: 
INsta IDRef29 IAvgVel ISurmaryFi l e  
2 3.3 520.0 sanuind.sun 

IRS Source IFileCompl IFileC-2 1DS:aZP DStaZRef AvgVel I t i l e4P lo ts  
devers a.rs2 devers c.re2 3.11 42.99 d520.0 junk.cci 

b P  npalnsIa.rs2 nplnszc.rs2 4.71 06.35 0520.0 junk.co1 

Results of Processing. 

For each station: 

FileConpl FileCwnpi! SA1 SA2 Avg182 Corr: SA1 SA2 AvglM 
devers a.rs2 devcrs c.rs2 1.693 1.025 1.359 1.677 1.015 1.344 
npalmsIa.rs2 npalnsIc.rs2 1.550 1.392 1.471 1.6&3 1.510 1.597 

Averaged over stations: 

A V ~ D S  taZRef s ig  103 i g AvgOverS t a t  i ons AvgCor roverstat ions 
4.67 . la 1.52 i.41( .9, 2.1) 1.47( 1.0, 2.2) 

- -- . . . . . 
SAyvIyO.SiH 4-11-95 1:59p 
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sunnary of processing, f i l e  terawind.in 

Ccntents of input f i l e :  

INsta lORef2Q IAvgVel S m r y F i l e  
3 2.5 520.0 lerawind.sun 

IRS Source IFileCompl lFileCanp2 DSta2Q DSta2Ref AvgVel I f i t e W l o t s  
devers a.rs2 devers-c.rs2 4.11 11.62 b5ZU.O :tnk.col 

hap- npalmsza.rs2 npalms-c.rs2 4.71 02-47 OS20.0 jun4.cot 
h P  dsp-a.rs2 dsp-c.rs2 4.16 05.66 0520.0 junk.col 

Results of Processing: 

For each station: 

FilcConpl FileConpZ SA1 SA2 Avg182 Cow: SA1 SA2 Avgl82 
devers a.rs2 devers c.rs2 1.693 1.025 1.359 1.745 1.056 1.401 
npalmI-a.rs2 npalm~c.rs2 1.550 1.392 1.671 1.730 1.571 1.661 
dsp-a.rs2 dsp-c.rs2 .787 1-16? .9?? .860 1.274 1.067 

Averaged Over stations: 

AvgOStQZRef Sig 1O'Sig AvgOverStations AvgCorrGverStations 
3.25 .16 1.44 1.25( .9, 1.8) 1.35( .9, 1.9) 

.. . . . - . -. - . . . . . - -. .. ___. ... -. . _. . . . . __ 



Sunnery o f  processing, f i l e  venuind.in 

Contents of input f i l e :  

[Nsta lORef2P lAvgVel lSunnaryFile 
3 2.3 520.0 venuind.sun 

IRS Source IFileCanpl IFileCurp? DStaZO DSta2Ref AvgVel IFileGPlots 
devers-a.rs2 devers-c.rs2 4.11 13.47 1520.0 junk.to1 

hap- water  a.rs2 water  c.rs2 0.00 06.58 0765.0 jtak.col 
baP npalmIa.rs2 npalm~c.rs2 4.71 06.92 0520.0 junk.col 

Results of Processing: 

For each station: 

FIleCanpl Filecarp2 SA1 SA2 AvglL2 Corr: SA1 SA2 Awl82 
devers e.rs2 devers c.rs2 1.693 1.025 1.359 1.760 1.066 1.413 
water-a.rs2 uuatepc.rs2 1.359 1.495 1.427 1.452 1.593 1.523 
npalns~a.rs2 npalms~c.rs2 1.550 1.392 1.471 1.766 1.585 1.675 

Averaged over stations: 

AvgDSta2Ref Si0 1O'Sig 
5.66 .18 1.50 

AvgOverStat i ons 
1.42( .9, 2.1) 

AvgCorrOverStnt ions 
1.5% 1.0, 2.3) 

-- 
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S m r y  of processing, f i l e  unhydro.in 

Contents o f  input f i l e :  

(Nsta (DRef2P [Av Vel [ S m r y F i l e  
2 2.6 528.0 nnhydro.sun 

IRS Source IFileConpl IFileCarp2 OStaZP DStaZRef AvgVel [ F i l d P l o t s  
devers a.rs2 devers c.rs2 4.11 65.75 6520.0 lunk.cul 

hap- b P  uuater~a.rs2 nneterIc.rs2 0.00 05.38 0765.0 Junk.co1 

Results of Processing: 

For each station: 

FileConpl FileCocrpZ SA1 SA2 Avgl8Z Corr: SA1 SA2 Awl82 
devers-e.rs2 dwers-c.rs2 1.693 1.025 1.359 1.737 1.052 1.395 
water-a.rs2 water-c.rs2 1.359 1.495 1.427 1.433 1.573 1.503 

Averaged over stations: 

AvgOStaZRef S i  g 1 0 3  i g AvgOverstat ions AvgCorrOverStat ions 
5.53 .19 1.54 1.39( .9, 2.1) 1.45( .9, 2.2) 



Sumary o f  processing, f i l e  c m r c e . i n  

Contents of input f i (e :  

INsta IORef29 IAv Vel lSurmaryFile 
1 5.5 253.0 coIIIIyrce.sun 

IRS Source IFileCompl IFileCmp2 DSta29 lOSta2Ref AvgVel IFile4Plots 
bap- krlk-l.rs2 tulk-3.rs2 6.17 .83 6255.0 bulkmei I .col 

Results o f  Processing: 

For each station: 

FiIeCompl PileCanpZ SA1 SA2 AvglL2 Corr: SA1 S A 2  AvglRZ 
bulk-l.rs2 bulk-3.rs2 .948 1.168 1.058 .W2 1.221 1.107 

Averaged over s ta t  ions: 

AvgDStaZRef Sig 10’sig AvgOverStations AvgCorrOverStat ions 
.83 .13 1.35 1.W -8, 1.4) 1.11( .8, 1.5) 

__ __ x_ ._ 
UWIER(I.SlM 4-11-95 3:Wp 

.________I ___.____I.-____-..__.-...- 

Pace 1 of 1 



sumnary of processing, f i l e  sctele- in 

contents of input f i l e :  

lNsra lDRef2P IAvgVel ISunnaryFi 1s 
2 12.7 245.0 sctele.sim 

s i  I 

Results of Processing: 

For each station: 

FileCarpl F i l e C W  SA1 SA2 AvglB2 Corr: SA1 SA2 AVQjR2 
ca 00.050 ca 90.050 1.333 -918 1.126 1.086 .747 .916 
uag00.050 wak%O.050 1.236 1.656 1.446 1.132 1.51% 1.222 

Averaged over stations: 

AvgOStaZRef Sig 10'Sig AvgOverStations AvgCorrOverStations 
4.99 .10 1.52 1.28( .8, 1.9) 1.10( .7, 1.7) 

_. . . . . .. . . . -. . - .. .- 
Paw 1 of 1 
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Sunnary of  processing, f i l e  scuater.in 

Contents o f  input f i l e :  

lNsta IDRefZP lAvgVe1 lSunnaryFile 
2 11.0 340.0 scuater.sun 

bp;-Sourie j F i l e C T l  jFileCowy2 /W;;2P 1;;aZRef AvgVel I F i I i  
s i  I brn000.050 bt-090,050 4.32 6.64 340.0 junk 

obooo.0 0 obop0.0 0 1:z.o Junk 

Results o f  Processing: 

For each s t a t i m :  

FileCaFpl F i l e C @  SA1 SA2 Avgl62 Corr: SA1 SA2 Av! 
iObooo.o~o iowp0.050 1.445 1.151 4.297 1.865 1.m~ 1 
br000.050 brnOW.050 1.169 1.373 1.271 .760 .e91 

Averaged over stations: 

AvgDSta2Ref S i g  !O'Sig erStat ions AvgCorrOverStat ions 
4.57 .18 1.51 ?% .a, 1.9) 1.W .a, 1.8) 

. .. . . . . . . . . . -. .- . . . .. . ._ . . _._ ._ . _. . . . - .. ... . 

--- 
SCUARR.SUI 4-11-95 4:- 



, . . . - 

Sunnary of processing, file scquel.in 

contents of input. f i l e :  

INsta (DRefZO IAvgvel [SUmryF i Le z 7.3 289.0 S O ~ W ~ . S U ~  

Its Swrce IF i lec FileCa 2 DSta29 CSta2Ref AvgVel !File4Slots 
s11- ca 0 0 3 ;  !a 90.83 8.57 1.48 .!89.0 junk-cnt 
s i  1 u a ~ 0 0 . 0 5 0  uag90.050 Q.69 4.113 340.0 ;unk.cd 

Results o f  Processing: 

For each station: 

FileConpl FileCarpZ SA1 SA2 Avgl&2 Corr: SA1 ' SA2 AvglR2 
ca 00.050 ca 90.050 1.333 .Q18 1.126 1.447 .W6 1.222 
uag00.050 wag90.0511 1.236 1.656 1.446 1.508 2.017 1.763 

Averaged over stat ions: 

AvgOSta2Ref S i  :O-sig AV Overstations AvgCorrOverStations 
2.76 . I 8  1.45 1.38( .9, 1.8) 1.47( 1.0, 2.1) 

... .__._.______.__I_.I___._.._._.. 
80PUEl.8UI 4-11-55 4 : 3 9  

L 



C - 

u 
d 
.C .c 

u- 

v) 5 

u 
d 
c 'c 

5 
.C 

u- 
0 

U Y 

u Y 

0 U 

m 
Y W a!.- - 

-0 

8:: ,B n o  
L 

Is  
.C 
Y 

L 

c 

VI Y 

3 U 

a 

d 

5 
u 
L 
n 

c 

r m  
U.9 
" 5  
c 

1 s  Y? 

0 
d 

VI 
5 
.r 

44 W 
Y U 

L 

E 

mm 
Z? 
2 
. C  

m n  .- 0 V I .  

.+ 
N 
a 
m n  
CY? 

P < 

c-45 

Appendix C 

NUREGICR-6464 



sunmry of processing, f i l e  centerv. in 

Contents of input f i l e :  

)Nsta lDRef2O IAv Vel ISurmaryFi\e 
1 9.8 528.0 centerv.sun 

IRS Source IFiltCanpl IFilsConpZ OStaB OStaZRef AvgVel (Fite4Plots 
b P -  centrv-s.rs2 centrv-c.ra2 1.8 4.1 L 0 . 0  centcrv. cot 

Results of Processing: 

For each station: 

FileCarpt FileConpZ SAt SA2 Avgl&2 Corr: SA1 SA2 Avgl&2 
centrv-a.rs2 centrv-c.rs2 1.101 .908 1.005 1.101 .908 1.005 

Averaged over stations: 

AvgDSta2Ref S i g  tO'Sig AvgOverStstiwwr AvgCorrOverStatiom 
.10 .06 1.14 1.00( .9, 1.1) 1.00( -9, 1.11 

__ __ ~ 

CENTERV.5lM 4-11-95 3:zpP 
- _ _  - -  

P.sge 1 of 1 



0 
P 
-4 

Summry of processing, f i l e  r iodel l . in  

Contents of input f i l e :  

l l s t a  lDRef2O IAvgVel ISunnaryFile 
1 12.3 520.0 riode1l.sun 

'RS Source 
Bji- 

F i  IeConpl 
49~0567.002 

F i  IeConpZ 1 19~0567.272 
IFile4PIOtS 
r iodel l .cot 

Results of Processing: 

For each station: 

Filetoup1 F i L e C T  SA1 SA2 AvglS2 tor r :  SA1 SA2 AvglS2 
349~0567.002 349~0567.2 2 1.073 .788 .930 1.073 .788 .930 

Averaged over s ta t  ions: 

AvgDSta2Ref Sig 1O-Sig AvgOverSlations AvgCorrOverStet ions 
2.50 .18 1.52 .93( .6, 1.4) .93( .6, 1.4) 
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- . - .. . . .. . . . I I - . . . ... . ... .. . . .. - - - 

! 
surmery of processing, f i l e  finance.in 

Contents of input f i l e :  

INSta lDRef29 IAvgVel S w r y F i l e  
3 .O 255.0 /inance.sun 

IRS-Source (FileConpl ( F i I e C q 2  ‘DSta2Q DSte2Ref AvgVel lFile4PIats 
bap sepulv l.rs2 sepulv 3.rs2 b.41 4.98 lOO.0 junk.co! 

vnuys ii.rs2 vnuys ii.rs2 2.139 8.61 366.0 junt.co1 
baP rinala-l.rs2 rinala-3.rs2 0.00 9.06 282.0 junk.col 

Results of Processing: 

For eacn station: 

FileConpl FileConpZ SA1 SA2 Avgl&2 Corr: SA1 SA2 Avg1&2 
sepulv l.rs2 sepulv 3.rs2 2.106 1.363 1.?X 2,413 1.5’57 1.985 
vnuys ii.rs2 vnuys Z.rs2 1.132 ‘-101 1.117 1.315 1.277 1.296 
rinala-l.rs2 rinald-3.rs2 1.278 1.392 1.335 1.316 1.434 1.375 

Averaged over stations: 

AvgDStdRef S i  1O’Sig erstations AvgCorrOverStations 
8.68 .18 1.54 %% .9, 2.1) 1.52( 1.0, 2.3) 

I 



Sunnary of processing, f i l e  oLivcogn.in 

Contents of input f i le :  

(Nsta lORef20 IAvgVel ISumaryFilo 
1 3.6 385.0 oLivcogn.sun 

Results of Processing: 

For each station: 

FileCaipZ SA1 SA2 AvgSLZ Corr: SA1 SA2 AuglR2 
o l i ! ~ ~ % ! ?  olive-3.rs2 .876 1.479 1.178 .a76 1.479 1.178 

Averaged over stat ions: 

AvgOStaZRef Sig 1OW A verStatioos AvgCorrOverStstims 
2 0  .08 1.18 1% 1.0, 1.4) 1 . W  1.0, 1.4) 

.. .-. .. -. ... .- . .. - ... ........ aIvc#;y.sw 4-13-95 7 : ~  



__ _ .  __ __ 

Sunnary of processing, f i l e  plsccgnl. i n  

contents of input f i l e :  

INsta 1DRef29 )AVgVd lSlrnnaryFile 
1 4.9 385.0 placcgnl.sun 

IRS Source IFileCorrpl IFiIeConpZ DStata DStaZRef Av Vet IF i le lP lo ts  
bP- neuh-l.rs2 neuh-3.rs2 4.53 5.45 6 d . O  Junk.ca1 

Results of Processing: 

For each s ta t im :  

Fiteconpl Fit&+ SA1 SA2 Avvgl&2 Corr: SA1 SA2 Avgl&2 
ne&-l.rs2 newh-3.rs2 1.615 1.334 1.275 1.377 1.137 1.257 

Averaged over stations: 

AvgDStatRef Sig 10'Si Av erstations AvgCorrOvsrStations 
3.45 .20 1.58 1% .9. 2.3) 1.26( .8, 2.0) 
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Sunnary of processing, f i l e  rinaldi.in 

Contents of input f i l e :  

l lsta lDRef20 IAVgVel lsunnsryrik 
1 .O 262.0 rineldi.sun 

RS Swrce IFileConpl IFileCarp2 StaZO DStaZRef AvgVel lFilelPtots 
kp- rinetd-l.rs2 rinald-3.rsZ d;O d.200 dZ82.0 junk.col 

Results of Processing: 

For each station: 

FileConpl FileConpZ SA1 SA2 AvglELZ Corr: SA1 SA2 hvglC2 
rinald-l.rs2 rineld-3.rs2 1.278 1.392 1.335 1.278 1.392 1.335 

Averaged over stetions: 

AWStaZRef Sig IO.Pi e r l ta t iws  AvgCorWrStatiws 
.20 .08 1118 ?% 1.1, 1.6) 1.3% 1.1, 1.6) 



0 ul w 

s m r y  of processing, f i l e  scs-l.in 

Contents of inpue f i l e :  

INsta IDRef2Q IAvgVel lSunneryFile 
1 .o 282.0 SCS-l.SUn 

Results of Processing: 

For each station: 

FileCanpl FileConpZ SA1 SA2 hvg182 to r r :  SA1 SA2 Avglb2 
vg 1-6-1. rs2 vg l-6-3. rs2 .736 .494 .615 -736 -494 .615 

Averaged over s ta t  ions : 

AvgDS to2Ref S i  10 - S i  g AvgOver S t a t i ons AvgCorrOverS t il t i ons 
.01 .Of 1 .05 .62( .6, .6) .62( -6, .6) 

......... ___._____.__..-_._I.~-.-.. . . . . . . . .  
SCS-1.W 6-13-95 7:31p 
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s m r y  of processing, f i l e  scs-3.in 

contents of inplt f i l e :  

l l s t a  lORef2O IAvgVel ) S m r y F i l e  
1 .o 282.0 scs-3.sun 

I F i l e C n p l  lFileCarp2 OSta2a OStdRef Av Vel (Filc4Plots 
vgfff-l.rs2 Vg7ffJ.rSZ 1.00 6.300 b d . 0  Junk.COl 

Results of Processing: 

For each station: 
Fi LeCarpl SA1 SA2 Avgl&Z Corr: SA1 SA2 Avg1&2 

vg7ff-l.rs2 vgi'::$%f .911 1.260 1.086 .911 1.260 1.086 

Averaged over s ta t  ions: 

Av@staZRef S i  g 1O'si AvgOverSt at ions AvgCorrOverS t a t  i ons 
.30 .09 1.2! 1.09( .9, 1.3) 1.W( .9, 1.3) 

P I g e ' l  of 1 



, . . _. __ . _. . . . . ._ __ ._ .- . . . __ . -. _. ... - .. .. 

smry of processing, f i l e  scs-vg7.in 

Contents o f  input ti le: 

INstr lDRef28 j l \bg~el ISurmaryfiLe 
2 .O 282.0 scs-vg7.sun 

(RS Source lFileConpl IFileCarpZ 
bad' vg7ff 1.1-62 vg7ff 3 . d  
b P  vgn.ta-l .rs2 vgm(a-3.rs2 

DSt i  
.oo . 00 

3 DSte2Re 

0.008 
6.030 

AvgVel I F !  le4Plots b 282.0 junk-cot 
0282.0 junk.col 

Results of Processiw: 

For each Stat iM: 

SA1 SA2 Avglg2 Corr: SA1 SA2 Avgl8: 
.911 T.260 t . O a  
.922 1.094 1.008 

vg7!;:?%' vg7!;'!% .911 1.260 1.086 
vg;'bld_t.rsZ vgfila-3.rs2 -922 1.096 1.008 

Averaged over srotia7s: 

AvgOSt82Ref S i g  10-Sig crStet ions AvgCorrOverStat ions 
.a2 .02 1.0s "f'" 1. 5( 1.0, 1.1) l.G5( 1.0, 1.1) 

. 
SCS-WG7.W 4-14-95 l0:378 
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. . - . ___ . -. ... -. . .- .- . ..- - - 
I Proqrant CetC i s t 

I 
j * Corre!Ph. 

* Gets Interstet ion distances. Use as a preprocessor for 

* Note: Uses inpit f i l e  d e  by Paradox, repor: in RLCS I N ,  sarred b i  dislnnre. 
* Pste thnr :he report f i l e  nust be c l e a n d  up making &re tha t  rhr  
* d4ta s tar t  on l i n e  $1, eliminating page breais, delet ing tho 

very Last i ine (sane distsnce below the 

* in c o l m  2) 
last actual entry), end putt inq "stop" a f t e r  the las t  entry (s ta r t ing  

* Dates: 
* 03/20/95 - Written by 0avk Bcore 

del ta mx = 15.0 
n;,K-f&(ta = 1500 

* Read in dnra: 
nu-in = 10 

open(u*?it= nu. in, f i l e  = 'nr94p$a.prn', recl  = 150, 

do i = 1, 10 

end do 

nste = 0 

I00 cant i w e  
buffer = 
readcrm-in, '(a)') buffer 

: sratus = 'irnknom') 

readiwu-in, *) 

i f  (krffe1-(2:5) .eq. 'stop') goto 1000 
nsta = nsta + 1 
read(huffer(93:98), '(f6.3)') lat(nste) 
read(hif f er( 100: 1061, ' ( f 7.3) ' ) long(nsta) 
goto 100 

do j =. i+j  nsta 
c a ! l  disior(+t.O, l a t ( i ) ,  long(i), tat 

rdeq tenp delta, az, baz) 
tw i s t i ' l  = i- 
ter~- ista-2 = j 
if (Yenp-delta .le. delta-msx) then 

d e l t a  = ndelta + 1. 

I ong( i ), 

i f  (ndelta .gt. max ndelts) then 

m d  i f  

ndelta = max-ndelfa 
qo t o  9999 

GRPlST.F& 3-20-95- 9:3@ 
- -  

. -. .. . . . ... . .. _I--..--.. .... -_ .. -. . __ ~ 

I 
I 

end do ! 

I c 9 ~  continue 

i 

Jel ta (de1ts)  = tclsp del ta 
i s t a  l (ndel ts\  ten+ i s t a  1 
istaI2(tniettsi * tenpI istaIz 

end i f  

end do 

* Now sort 0x1 wri te the informtion: 

cal l  irvJ.?rx( d e t t a ,  delta, indx)  

nu cut = 30 
o@n(tmit = nuput,  f i l e  = 'dclta.out', status='bnknown') 

I 

r losc(ur i t =nu-out ) 

stop 
i 
i end 

subroutine distaz( ulongsign, alat, along, blet ,  blong, 
rdeg, rkm, az, baz) I 

1 
I c Bruce Julian. 

E carpute disrances, azimuths using forrmlas from 

c latest  d i i i c a t i o n :  1/27/86 

pi = 4.0 * atan( 1. ) 
dtor = pi1 180. 

c convert from degrees t o  radians end correct sign of 
c Iongitudc? so that east longitude i s  positive. 

! c  

C 

C 

a la t r  = dtor * :let 1 alcngr = -dtor along u l m s i g n  
b l a t r  = &or b la t  

I blongr = -dtor * blong * ulongsign 

c 
t coI(xxI*.e aeoccntric latitudes. I =  

I a la t r  = atan( 0.9933GS tan( e l e t r  > ) 
b l a t r  = atan( 0.W3305 tan( b l a t r  1 ) 

C 
c carpute latitude dependent quant i t ies 
C 

ca = cos( n l a t r  ) 
cb = cos( b l a t r  ) 
sa = sin( alatr ) 
sb = sin( b l a t r  ) 

C 
c now cocrpute other quantit ies 
C 

a = cS * sin( blongr - a1or.w ) 
._L.-. . . _. .-. . . I._.._.._._._. . .. - . --.. --. - -- 
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. . . . . . .  . .  ........ .- . 
b = r a  * sb - sa * ch ccs( blongr - alotryr ) 
cd = ca * cb * cos( blongr - alongr ) + sa * sb 
sd = sqrt( a*a + b*b ) 

c 
c c g x r t e  distances 

rdeg = atan2( sd, cd )/ dtor  
rkm = 111.19 rdeg 

c 
c c q t e  azirmth (from a t o  b) and make i t  positive. 
C 

az 7 atan2( a, b )/ dtor 
i f  ( BL .It. 0.0 ) az 1 az + 360.0 

C 
c conpute back arirmth (from b t o  a) and make i t  posit ive. 
C 

C 

11 

1 

12 

2 
13 

a = c't * s in(  olongr - blongr ) 
b = ck * sa - sb * ca * cas( alongr - blongr ) 
bz = atan2( I( b)/ dtor  
if ( baz .It. b.0 ) bar = baz + 360.0 

return 
end 

SUBRWTINE indexx(n,arr, i d x )  
lNiE,GFR n, indx(n),H,NSTACK 
SEAL orr(n) 
PARAMETER (M.7 NSTACK=5O) 
INTEGER i,indxi,ir,itarp,j, jstack.k, I. istack(NS1ACK) 
REAL a 
do 11 j=l,n 

indx( j ) = j  
continue 
istack.0 

I r=n 
i f ( i r - l . l t .M) then 

do 13 j=l+l,iir 

a=arr( indxt) 
do 12 i= j - l , l , -1  

continue 
i =O 
i tx lx( i+l)=irdxt 

cont i nue 
i f (  jstack.eq.0)return 
ir=istack( isteck) 
I=istack(jstack-1) 
jstacl=jstack-: 

k=( !+i r ) /2  
itmp.indx(k) 
i n d x (  k:=indx( l*1) 
irxir( l+l)=itenp 
if(a:i.(indx(l+:)).gt.arrtindx(ir)))then I t mp-i ndx( 1+1 ) 

:ndx( l+1 )tindx( i r) 
i n j x (  i r ): I tenp 

!=l 

indxt=!ndx(J, 

if(nrr(indx( i > I :  le.a)goto 2 
indx(i+t)=irulxi 1 )  

else 

i d x (  i r ) = i t q  .................. . -. -. .......... .- .... - ...... _. ... 
c;ErDlST.kXl 3-20-95 9334 

. . . . .  .- ............... ._ .... - -. .. . 
endit 
if(arr(indx(l+l)).gt.err(irddx(I)))then 
i tmp. indx( l+ l )  
i mix( L + l  )=I ndx( I 
indx( L )=i tenp 

endi f 

J = l r  
indxt=jndx(l) 
a=art(indxt) 
cont ! nue 
i=i+l 

if(aTr(indx(i)).lt.a)goto 3 
continue 

i=!+l 

jstacb.= jstac4+2 
if(jstack.gt.NSTACK)pause 'NSTACK too smull in indexx' 
i +( i r -  i+ 1 .ge. j - I )!hen 

istsck( jstack)=i r 
i stack( jstack- 1 )=i 
i r = i - 1  

else istcckc jstack)=j- l  

istack( jstack-1 )=I 
I = i  

endif 
endi f 
qat0 1 
END 

c (C) Copr. 1986-92 Nunerical Recipes Software S!6)S-"llj. 

................ ... -- -- - 
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__ - _.__. -- - . - . __ 
Program CorrelPA 

CarpUtes c o r r e l a t i m  of peak accelerations as a function of distance 

* Note: Uses input f i l e  made by Paradox, r-rt in RECS IN, sorted by distance. 
Note that the report f i l e  must be cleaned up, making Sure that the 
data s ta r t  on l i n e  11, delet jng the very las t  l i n e  (sone distance k l w  the 
last  actual entry), and put t ing  %top" a f te r  the las t  entry (s ta r t ing  

* in colum 2) 

* Dates: * 03/18/95 - Ur i t ten  by Dave Boore 

real  mag!300:, d i s t  (300), pgahl(300), I at (300), lmg(300) 
real  resld(300) d bin(100) eve-bln(100) 
rea l  bjf?3(300): rFsid old(f00) 
integer ibln(300). nm-not empty bins, bin-nun not enpty(100). 
: i star t-not enpt y bi nTlOOJ , 1 srGp-not-enptv-bin( 180) 
character buTfer*150. stem_nam*8, f-Wt"12 

real  tenp del ta delta(1000), delta max 
integer i i i d x ( 1 0 h  & I t a  max r d t a  

real  di f f -old( 1000) , di f f-neu( 1000) 

: tenp-ista-1, t&-ista-2: istZ-1(1006), ista-2(1000) 

* !!I!!!!!!! SET SWE PARAMETERS !!1!!!1!!!!!1!!l 

max ndelta = 1000 
nu-in = 10 
nu a tn  = 20 
nu-ald = 30 
nu-std = 40 
nuzals = 50 

d m i n  = 0.1 
bmax = 300 

*<<<<(<<<<<(<<<<< OBTAIN DATA AN0 PARAMETERS >>>>>>>>>>>>>>> 

write(*, *(a\)$) Enter stem name f o r  f i les:  
stem name = 
readP, '(a8)') stem-name 

write(*, '(a\) ') I Enfer d-min: * read(*, '(f5.0)') d-min 

* ur i te(* ,  ' (n\) l )  1 Enter d-max: ' 
* read(*, '(f5.0)') d-max 

ur i te ( *  '(a\)') I Enter n-bin: ' 
read(*,'e(i3)1) n-bin 

write(*, '(a\)#) Enter mrnpts r dist-bin: 
read(*, ( i2) ) n m g n t s g e r - d i  s t s n -  

urite(*, '(a\)') I Enter delta-max: 
read(*, '(f5.0)') delta-max 

ur i te(* ,  ' (a \ ) ' )  Enter nun d i f f  r dlta-bin: ' 
read(*, ( i 2) ' ) nun-di f f -perrdl tezgn- 

write(*, '(a\)') I Enter nun diff-2-print: ' 
read(*, I ( i4 )  ) nun-di f f-2-pFint 

* Read i n  data: ____ ___.- - - 
COIIAELPA.FOR 3-21-95 5:4@ 

. , 

open(unit= IW in, f i l e  = 'nr94pga.prnl, recl = 150, 
: status = fwknom') 

do i = 1 10 

end do 
readi&in, *) 

nsta = 0 

100 continue 
k r f f e r  s ' I 
read(nu,-in. '(a)') buffer 

i f  (buffer(2:5) .eq. 'stop') goto 1000 
nsta = nsta * 1 
read(buffer(l5:18), '(f4.2)') mag(nsta) 
read(buffer(20:24), '(f5.1)') dist(nsta1 
read(buf fer(32:35), ' ( f4  2) ) ah1 (nsta) 
read(buf fer(93:98) f6:3)' ) et (nsta) 
read(butfer(100:d). '(f7.3)') long(nsta) 
goto 100 

uri te(*, *(a, i4,fS.Z,f6.1 f5.2,f7.3 f8.3)' ) 
, i. mag(i), distc:), pgahl(4). Ia t ( i ) .  long(i) : I i.1 

i = nstd 
write(*, '(a,i4,f5.2,f6.1ef5.2,f7.3ef8.3)1) 

, i, mag(l), d is t ( i ) ,  pgahl(l), la t ( i ) ,  long(i) . I it, 
D&p 

* Corrpute residuals, re la t i ve  t o  BJF93: 

do i = 1, nsta 
r = sqrt(dist(i)**2 * (5.48)**2) 
bjf?( i )  = -0.0U)+0.216*(mag~i)~6.0)~O.~*aloglO~r~+0.254 
resid(1) = aloglO(peahl(r)) - b~ f93(1)  

end do 

* Data are already sorted by distance ( t h i s  was done by the Paradox report), 
so nou f i n d  the bins: 

Skip over t h i s  o ld  coding: 

goto 9119 

6116 continue 

* Define bins ( t h i s  uas or ig ina l l y  inside bin-data. Put 
* i t  outside t o  iwrease f l e x i b j l i t y ) :  

d l  ogd = (el oglO(d-max/d-mi n) )/n-bi n 
do i = ?, n b i n  

enado 
d bin(i) =-dmin * lO.O**((i-l)*dlogd) 

* Reset a l l  distances less than d-min to  s l i g h t l y  m r e  than d-min: 
do i = 1 nsta 

i f  ( d i k t ( i )  .le. d-min) d i s t ( i )  = 1.001' d-min 
.- __ . . . .. -. -. .- . . . ._ 
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Debug 
open(uni t.30, f i l e = -  temp.out', status=@unknoun' ) 

c a l l  b i n  datacd b i n  n-bin, 
: d i s t  -nsta ?bin: 
: ?-hot &ty-bins bin nun not-enpty 
: istart-Eot-wrpty-b!n, iltopInot-emptyLbin) 

do i = 1, nsta 

: 
: i resid( i )  .d is t ( i )  
: 

write(30 ' ( a ,  i4,f5.2, .f6.1, i 4  f6.l,f6.1)*) 
I ista,'resid, d ist ,  ibrn, d-6in-tow, d-bin-high =', 
ibinci), d-bin( ib in( i ) ) ,  d-bin(ibin(i ))*lO.O**dloyd 

enddo 
Debug 

; Now c w t e  the mean residual in  each bin: 
(requires that resid be sorted by distance) 

do i = 1 nun not enpty-bins 
c a l l  &t&(rZsid, 

: i s t a r t  not enpty-bin(i) istop-not enpty bin(i) 
: av~-biTi(bi?i_nun_not-~~y(i)), ade?, sde?, var,'skeu, curt)  

Debug 
i s t a r t  = i s t a r t  not wrpty b i n t i )  
is top = istop i iot -+ty 6in(i) 
write(30 '(2a; i3;i4 i4Yi4 i4,f6,l,f5.2)') 

: I n,tnl#-nt nptY,#_:n-tn,Estrt,lstp,*, 
: 'avdst resia - 
: i, bin:- not &ty(i), 
: istop - isTart-+ ? i s t a r t  is top 
: d-bin!bin_nun_not-~ty(i)I'lO.O*:(dlogd/2.0), 
* ave-bin(bin-nun_not-ey( i )) * De& 

end do 

* Find the new residual fo r  each stat ion by subtracting the average f o u d  above 
* f o r  each bin: 

do i = 1, nsta 
resid old( i )  = residci)  
r e s i d i )  = resid-old(i) - ave-bin(ibin(i)) 

write(30. l(a,i4 i 4  3f6.2)') 
: nsta ibin, ;esih old, ave bin, res id  new= 

end do 

i, ibinci), res ico ld ,  ave>in(ibin(iJ), res(d( i )  

9119 continue 

f out = ' ' 
f1ou-t = stem-name//' .atn' 

open(unit=nu a tn  f i l e  = f-out, status='unknown') 
uritecnu atn- 72f) 
format(t2 l ibin@ t 7  ' i s t r t '  f13 ' i s t p l  t18,'d-strt0, 

f out = ' ' 
f w t  = stem nane//*.ald' 
en(unit=nu:ald, f i l e  = f-out, $tatus='unknown') 

721 
t25,ld_st&, f3l,@a&t , f38,Ire;id') 

_-_____._..____.._I________ .. __ 
CURRELPA.FOII 3-21-% 5:- 

urite(nu-ald 72:) 
format( t2,l:sta , t l , * ib in ' ,  t13,'dist'. 722 

t18,'res old' .t26,'res_neu*, 
'.34,'bJfbe Lint 
tG6, I eve-bi nT, t54, b j f93 

nunber-dist-bins = ns ta /nungntsger -d is tp in  

i s t r t  = -nun 
do i = 1, nG::Et-bins- 

r-dist bin + 1 

i s t r t  = i s t r t  + m g n t s g e r  d i s t  b i n  
i s t p  = i s t r t  + t n m ~  
c a l l  mrrmt~(resi$lni.trt,-istp; ave-bin(i), 

t s g e r  a i s t  6in - 1 

: adev, sdev, var skew cur t )  - 
writecru a t n  ' ( t3 ' i3  tb,i3 t l 4  i3, tl9,fS.l. 

f25,f5:1, t3j.fS.1, t3f,f6.f) ') 
I i s t r t ,  jstp, d i s t ( i s t r t ) ,  d ist( istp),  
s;lrt(dist(istrt)*dist(istp)l, ave-bin(i) 

do j = i s t r t , - i s t p  
resfd old(J) = resid( j )  
r e s i d l j )  = res id  o ld ( j )  - ave bin(i) 
write(nu a l d  '(n i 3  te,i3 -tl2,f5.1, 

tZO.fs.2, th,)5.2, ttO.fS.2, 
t48 f5.2 t54 f5.2)') . i di&(j): res!! o ld( j ) ,*resid( j? 

b;f9f(j) + ave-bin(ij, ave-bin(i), b j i93( 
end do 

end do 

close(unit=nu ald) 
ctose(uni t=nuIatn) 

*<-x(<<<<<<<<<<<< INTERSTATION ANALYSIS >>>>D>>>>D>D>~ 

ndelta = 0 
do i = 1, nsta-1 

do j = i+1, nsta 
c a l l  distaz(+l.O lat( i ) ,  long(i), la t ( j ) ,  1ongCj). 

rdeg, temp helta, az, bar) 
tenp i s t a  1 = I- 
tenp-ism-2 = J 
i f  (Fenp & l t a  .le. delta-max) then 

n d e l t a =  d e l t a  + 1 

i f  (ndelta .gt. max ndelta) then 

enf i f  

delta(nde1ta) = tenp de l ta  
i s t a  l(ndetta) = tG i s t a  1 
istaI2(ndelta) = tenpI istaI2 

rde l ta  = man-ndelfa 
go-to 9999 

end i f  
end do 

end do 



do i E 1, ndelta 
resid1 = resid( ista l ( indx( i1))  
resid2 = residcista- (indx(1))) 
di f f  neu( i) = resid$- ' residl  
r e d l  = res id  old( ista t ( indx( i ) ) )  
res id2 = res i<old( i staI2( fndxc i ) ) ) 
d i f f  o ld ( i )  = resid2 - res id l  

end do- 

* Write the f i r s t  nun-di f f -29r int  values: 

f out = ' ' 
fzout = stem-name//'.als' 

open(mit=nu als, f i l e  = f-out, status='unknown') 
ur i te(nu als- 727) 
f o r m t ( t 2  'i;dxli t 8  'indx2;. ;lb,'delta', 
: tZO'*residl; t27 'resId2 
: t34:'di ff-ne;', tb , *d i f f -& ld ' )  

723 

imax = ndr l ta  
i f  tiwax .gt. nun-diff-Zgrint) i m x  = nun-diff-Zgrint 

i s t a  l ( indx( i ) ) .  i s t r  

close(unit=nu-als) 

* Nou set up bins f o r  interstat ion spacing and conpute sdev: 

f MIt = ' ' 
f1wt = stem-name//*.std' 

open(unit=nu s t d  f i l e  = f-out, stotus='unknown') 
write(nu s t g  721) 

724 format(t2 ' 1  d l t a  b;n4 t13 ' i s t r t ' ,  t19 ' istp', 
t z i , * i v g  Bt i32 *;vg neu' t40:'std-neu'. 
t48, 'avgIold': t56: Istdzold ' j  

nvnber-de I ta-bi ns = ndel ta/nun-di f f-per-dl ta-bi n 

i s t r t  = -nun-diff per-dlta-bin + 1 
do i = 1, nunber ae l ta  bins 

i s t r t  = i s r r t  7 nun aiff-per d l t a  b i n  
i s t p  = i s t r t  + nun aif fger J!ta-liin - 1 
c a l  I m t c m b ( d i f f I n e u ,  istFr, istp, ave-new, 

c a l l  monntdmb(diff o ld  Ts t r t  istp, ave old, 

avgdi s t = O.S*IdeI ta( i ndx( i s  trt ) )+del ta(  i ndx( i stp) )) 
write(nu-std, ( t 8  i 3  t14 i 4  r19 i 4  t26 f5.2 

adev, sdev new, var, skeu, curt)  

adev; sd&-old, 'var, skw,-curt) 

t3&,f$.2, ;41:f6.3: th,f5:2, tf7,f6.3)') 
: i i s t r t  istp, avgdist, 
: abe-neu,'sdev-neu, ave-old, sdev-old 

end do 

stop . ~ ... .. ~ 

eORRELPA.FOR 3-21-95 5:4Op 

end 

subroutine bin data(d-bin, n-bin, 
: d i s t ,  nsta,-ibin, 
: rnmn not enpty bins bin nun not empty 
: i star t-iiot-ei+ty-b!n, ihpznot rwrp ty lb in )  

real  d bin(*). dist(*) 
intege: ibin(*) 
integer nun not enpty bins, bin m-not enpty(*) 

: istart_no~-ei+ty_biii(*), i s t o ~ - n o t _ ~ t y - b i n ( * j  

* assign distances t o  bins: 

do i = 1 nsta 

end do 
c a l l  lkate(d-bin, n-bin, d i s t t i ) ,  i b i r d i ) )  

* F i n d  indices a t  s ta r t  and stop of each bin: 

nun nor m t v  bins = 1 

d0.i = 1 nsta-1 
I f  ( ib!n( i+l)  .eq. jbin(i)) then 

else 
istop_not-enpty_bin(rnmn-Mt-~ty_bins) = i+1 

nun-not-enpty-bins = nun-not-enpty-bins * 1 
bin nun not enpty(nun-not_rmpty_b,ns? = ibin(i+l) 
i s t a r t  kt - & t y  bin(rmR-not q t y  bins) =-1+1 
i s t op_Eot--kpty_Si n( nun-no t-enpt y-61 ns ) = 1 + 1 

end i f  
end do 

return 
end 

subroutine distaz( ulongsign, alar, along, bkat, blmg, 
rdeg, rkm, az, bar) 

C 
c conpute distances, azimths using fornulas from 
c Bruce Jul ian. 

c latest  modification: 1/27/04 
C 

C 
pi = 4.0 * atan( 1. ) 
dtor 5 p i /  180. 

C 
c convert from degrees t o  radians and correct sign of 
c long'tude so that east longitude i s  posi t ivc.  
C 

a la t r  = dtor a la t  
alongr = -dtor along wlmgsign 
b l a t r  = dtor * b la t  
blongr = -dtor hlong * ulongsign 

c ccrrpute geocentric latitudes. 
C 

C 
a l r t r  = atan( 0.993305 * tan( a la t r  ) ) 
b l a t r  = atan( 0.993305 * tan( b l a t r  ) 

C __ ~. - _. . - - -. 
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- ..._. 
c c,qiutr ineitude dqendent quantit ies 

ca = cos( s la t r  ) 
sb = T ~ F (  b la t r  ) 
sa = s in(  a le t r  ) 
sb - sin( b l a t r  > 

c now c-tc other quant i t ies 
c 

C 
a = rb * sin( btongr - alongr ) 
b = CH * sb - sa * cb * cos( blonpr - along; > 
rd = r3 * rh * cor! blsngr - alongr ) + sa sh 
sd = sqr:( b'a + b*b ) 

C 

C 
c compute disrances 

rdeq = atan2( sd, cd >/ d tor  
rkm = 111.19 * rdeg 

C 
c cmpute e z i w t h  (fran a t o  b) and make i t  positive. 
C 

az 
i f  ( az .It. 0.0 ) az = az + 36C.0 

n:an2( a, b )I dtor 

C 

C 
c c-te back a r i m t h  (from b t o  a) at-d make i t  positive. 

a = ca sin( alongr - bloqgr J 
b = cb * sa - sb * ca * cos( nlongr . blongr 1 
baz = ate&!( a b)/ dtor 
i f  ( baz .It. 6.0 ) bar = baz * 360.0 

r e t  urn 
end 

C 

SUBROJTINE locate(xx,n,x, j )  
INTEGER j,n 
REAL x xx(n) INTEGER j l, jm, ju 
il.0 
;u=n+1 

IO i f  ( ju -  j l  .gt.l )then 
jm=( ju+j l ) /Z 
if!(xx(n).gt.xx(l)).eqv.(x.gt.xx(jm)))then 

else 

endi f 
got0 10 
endi f 
j = j l  
return 
END 

J I = J m  

ju=jm 

c ( C )  Copr. 1986-92 Numerical Recipes Software S!6) t - " l l j .  

SUERWT I NE 1 ndexx(n, arr, i rdx )  
1NTEGtR n, indx(n),M,NSTACK 
REAL arr(n) 
PARAMETER ( M i 7  NSTACK=50) 
INTEGFR i,indxi,ir,itenp, j, jstack,k,l, istack(NSTACK1 
REAL a 
do 11 j-1.n 

I n d X (  J ) = j  
I1 continue 

__  _ _  jstack.0 
C~RRE~PA.FLX 3-21-05 5:LW 

1 

12 

i: 
13 

. __.  . .... __ . - -- . - -. -.-. . - 
!=' 
1 c=n 
i f ( i r - l . l t .M)then 

do 13 j= l+ l , i r  
indxt=indx( j) 
a=arr(indxt) 
do 12 i = j - 1  1 - 1  

continue 
i =O 
indx(i+l)=indxt 

cont i m e  
if(jstack.eq.0)rerr;m 
i r=istack( jstack) 
l+steck( jstack-7) 
jstack=jstack-Z 

k=( l + i  r)/Z 
i t q z i n d x ( k !  
jndx(k,=i+x( 14.1 1 
IndX(I tl).-ltenp 
i f  (arr(  i!dx( l+1))  .gt.arr[ indx( i r)))then 

i tenpindx( l+ l )  
i n d x (  l+1 )=indx(ir) 
i ndx( i r )=i tenp 

i t enp- i ndx( I ) 
indx( I )=indx( i r)  
indx( i r )= i tem 

i r(arr(in;lxi i )). te.a)goto 2 
::dx( i+l )=inJx( i 1 

else 

FwJi f 
if(arr;indx(l)).yt.srr(indx(ir)))then 

3 

4 

5 

endi f 
i f ( a r r (  itemp=indx(l+l) indx(l+l)).gt.arr(irdx(l )))then 

endi f 
i = l + l  
j=ir 
indxt=indx( I) 
a=arr(indxt) 
continue 

i f ( a r r (  i n d x ( i  )). It.a)goto 3 
continue 

jndx( l+l  )=indx( 1) 
tndx(o=ltemp 

i = i + l  

j - j - 1  
i f  (err( indx( j )  ).gt .ajgoto 4 
i f ( j . l t . i )go to  5 
i temCF; i +x( i ) 
indx(i)=indx( j )  
indx(.)-itenp 

jndx(!)rjndx(j) 

jstack= jstack+Z 
if(jstack.gt.NSTACK)pause 
i f ( i r - i+ l :ge . j - l ) fhen 

istack(jstack)=i r 
istack( jstack-1 )=i 
i r = j - l  

i s  t ack ( j s t ack )= j - 1 
isteck( jstack- l )=l  

goto 4 - 
l n d X (  J )=lndXt 

else 

'NSTACK too small ill i ndnxx 



- - _ _  -__I_ - - __ _ _  - - - - .. - - - - . . - 
got0 1 
END 

SUBWWT!NE mtrhb(data,nstart,nstop,ava,adev, 

C (C) Copr. 1986-92 Nunerical Recipes Software t16)t-1111j. 

sdev,vsr,skeu,curt ) 

t M o d i f i e d  by Dave Boore on 03/18/95 so that i t  ui 1 I 

INTEGER n, nstart, nstop 
REAL adev, ave, curt, sdev, skeu, var, data(* 1 
INTEGER i 

conpute the m n t  fo r  array entries frm nstart  t o  nstop 

" 

11 

12 

REAL p,s,ep 

s-0 . 
do 11 ;=nstart,nstop 

continue 
n = nstop - nstart  + 1 
ave=o/n 
sdeu=a. 
var.0. 
skew.0. 
curt=O. 
ep0. 
do 12 j=nstert,nstop 

s=clata(j)-ave 
ep=epts 
adev=adev+absts) 
P"S*S 
var=var+p 
P=P*: 
skew-skewp 

K $ L r t + p  

i f (n. le. l )puse In  nust be e t  least 2 i n  m n t '  

s:s+data( j )  

continue 
adev=adev/n 
i f  ( n .eq. 1) then 

var = 0.0 
sdcv = 0.0 

else 
var=(var-ep**2/n)/(n-: 1 
sdav=sqrt(var) 

mnd I f  
if(vw.ne.O.)then 

skev.skeu/(n*sdev**3) 
curl=curt/(n*var**2)-3. 

else 
use 'no skew or kurtosis when zero variance in mmt' 

si% = 0.0 
curt  = 0.0 

mdl f 
return 
END 

C :C) Copr. 1986-92 Nunerical Recipes Software tI6)%-"11j. 

.. . . ~ _. 
C(W(RElPA.fOR 3-21-95 5:4Op 

-. - . .. . . .- .. .. 
P* 5 of 5 



__ - - -_ __ . - --- 
Program GetAvgSA 

* Reads the psv values from various sources and then c n p c t e  Sa for 
+ each the PSV at each period and * find the average over frequency. * average the conponents. 

* Dates: 03/22/95 - wr i t ten bv 0. Boore for use in Eauimnt Gua l i i i ca t ion  

I do t h i s  f o r  tu0 ConpMlPntS. dnd 

R 
. .  

project (bone for BNL) 

04/03/95 - added conputation of sigma ( t h i s  rc?qujred changing 
the *.in f i l e )  and improved surmary f i l e .  

04/11/95 - minor changes in output f o r m t  

* 03/28;95 - extensive revis ion 
* 
* 
* 

f req( 120) 

m, delta(20) 

p i  = C.C'atan(l.0) 

nu i n  = 18 
nu-out = 70 
nu Isw = 30 

* Get name of f i l e  with input s tu f f :  

f i n =  
wFite(+,;(a\)') I Enter name of input f i l e :  
read:*, (a ) ' )  f-in 

* Open the f i l e  and s ta r t  processing: 

upen(nu-in, f i le=f-in, status='unknoun') 

header1 = ' 
read(nu-in, '(a)') header1 

f s u n = "  
rZad(nu in 

read(nu..in, *) 
header2 = ' ' 
I ead(nu-i n, I (a) I ) header2 

'(t2,i2, tS,f7.1, t16,f7.7, t24,alZ)') 
: nsfa,'dref, velref, (-sun 

* open sunnary f i l e :  

open(nu-sun, f i  le=f-sun, status:'unknom') 

ur i te(ou sun, ' ( 2 a ) ' )  ' Sunnary of processing, f i l e  I ,  

urite(nu-sun, *) 

uritecnu sun, ' ( a ) ' )  Contents of inpr t  f i l e :  
u r i  te(nu-sun 
w r  i te(nu-sun:*~(3x a) ' ) header 1 
ur i te( nu-sun 
: nst;. d;ef. velref. f sur. 

: f-in - 

1 ( t5:  i 2 ,  t 1 1, f 5.1, t 19, f6.1, t27, a1 2) ' ) 

. , . .- - ._ . . . . . .. . . ._ ._ . __ __  __ . - .- . 
! 
I + ~ o c p  over stations: 
! 

do i s t a  = 1, nsta I LOOP A 
buffer = ' 
read(nii in, ' (a) ' )  buffer 
ur i te(ni j  sun, '(3x,a)') buffer 
f rs(! i s ta )  = ' ' 
fIrs(2: ista) = 1 1 
rs-fmt = 
f W!t = ' ' 
r&d(bc;ffer, ' ( t 2  a3 t13,alZ. tZ6.al2, t39,f7.1, 

r. f m t  ( f  rdi,is;a),ih,Z), dsta, delta(ista). 
v&stasta: f-&r 

t 4 f  f4 .7  t57 t7.1, t65,a12)') 

j I write<!, '(a,2i5,3a)') 

i : nb-out, ista, f-in, f-sun: f-out 
I 

: ' begin i s t a  loop: nu-wt ista, f-in, f-sun, f,-out = ', 

do i c m p  = 1, 2 I LOOP B 1 
i f  (rs f m t  .eq. 'PAP' .or. r s  f m t  .eq. 'bap') then 

cal L-read-bap(f rs ( i cmp, isb) ,  freq, per, nper, sd, 
ST, sa(1, icon@) 

etsc i f  (rs-fmt .q. 'BJF' .or. r s  fmt  .eq. ' b J f ' )  then 
c a l l  read-bjf(f rs ( i cmp iqta), freq, per, wer,  sd, 

s?, sa(1, Icomp)) 
else i f  ( r s  f m t  .eq. 'SIL' .or. r s  fmt  .eq. *silt) then 

ca:l rea<sil(f rs(icomp,ista), Treq, per, oper, sd, 
SG. sa(1. iconw)) 

else 
n r i t e ( *  '(313)') r s  f m t  = rs  f m t ,  

stop 
end i f  

1 and Aot tmp or bj f -or  si1;'quiTting.l l 

i * Change uni ts of sa t o  g: I 
i 
I do i = 1, nper 

I 
sa(;, icmp) = saCi, icarp)/980.0 

end do 

i Reverse order, i f  needed, so that frequency increases: 

if (freq(2) .It. freq(1) ) then 
c a l l  reordercfreq, nper) 
cal I reordercper, n p r )  
c a l l  reorder(sa(1, IC-), nper) ! I hope t h i s  picks out r igh t  array 

endi f j * Cst l imi ts:  

c a i l  Iocate(freq, nper, 3.0, n l o m l )  
c a l l  locate(freq nper, 8.0, nhigh) 
niow = n t o m l  + i I 

1 
1 

+ F i l l  sa corr with corrected sa (because c f  the cubic polynomial used by b j f ,  
* set values outside 2 to 0.1 sec t o  garbage that w i l l  not plo:). 

d o i  = 1  nper 
i f  ( p e k i )  .It. 0.1 .or. per ( i )  .gt. 2.0) then 

correctc i )  = 1OOOO.C 



- ___I - - - ._ . ~- __--.I- - 
m = 6.0 1 can be anything, since the correction i s  for s a w  quake 
correct(i) = lO.O**(psvper_f(per(i). 3, dref, vetref)  - psv(rer-f(per(i), m, dsta, velsta)) 

end i f  

sa cok(y!conp) = correct(i)* sa(!, iconp) 

end do 
do i = 
end a. 

Now conplte the averages: 

c a l l  find-avg(freq, s a ( l , . i c q ) .  nlou, nhigh, 
avg(icanp, tsta)) 

c a l l  find-avgcfreq sa corr(1, iconp), nlou, nhigh, 
avg- io r r~ i  c q ,  i st a) ) 

freqavg(1) = freq(nIow) 
freqavg(2) freq(nhigh1 

* Then loop back for another component 

end do ! LOOP 8 iover comr$mncn?s) 

.I Then conyvte average of the average and wri te out a C o l m  * f i l e  that has freq, per, sal, sa2, freq, avgl, avg2, avgavg 
* that I can use in coplot. 

avg of ?( ista) = 0.5 * (avg(1, i s ta )  + avg(2, i s ta ) )  
a v g ~ o f ~ t - c o r r (  ista) 

0.5 * (avg-corr(1. is ta)  + avg-corr(2, i s t a ) )  

w i re ( * ,  *(a, !5, lpZe10.3)') 
: 1 i sm,  avg cor r l  avg corr2 = I ,  
: ista, avgIcorr(i,istii), avg-corr(2, is ta)  

w i re ( * ,  '(a, i 5 ,  lp2e10.3)') 
: * ista avg of 2 avg-of 2 corr = ' 
: i sta, 'avg-iif-zc 4 s ta) , ai;g1of-2-corh i sta) 

opencuni t=nu-out, f i1e.f-out, recl.155, stetusr'unknoun') 

999 
ur i te(nu out, 999) 

format7t4 ~freq', tl2,'per' t24.'sal', t35,'sa2', 
t4f 'sa1 corr', t55::sa2-corr~, 
t64"frqavg' t72 
ta4: 'avgl', t65,1a4gF5!k, 'avgavgg 
t 112, avglcorr ' , t 123,' avgtcorl- I , t Id, 'avgavgcor 'rl) 

do i = 1.2 

do i = 3, nper 
ur i te(nu out '(t2,f6.3, t9,f6.3, t16,e11.4. 

tZ7 ei1.4 t40 e11.4, t52,e11.4, 
tG'f6.3 't71 i6.3, 
t77:ell.i' tEh.etl.4. t99,e11.4, 
3flx.el1.4))') ....... ..- .... . . . . . . . . . . . . . . . . . . . . . . . .  _._ . .  - . .... -- 

GF~AVGSA.FOR 4-14-95 12:21p 

. . . .  . . .  _I_________-_.-- -- .- . -  

: freq:i), per($), (sa(:,j), j=1,2), (sa-corr;<,j), j=1,2> 
end do 

c I ose( mi t=nJ-ou t ) 

end do 

* U r i t e  out SA for each stat ion and cmponent 

urj te(nu-sun,*) 
uri:e(n'i sun, '(a)') Results of Processing:' 
uri re(nuIsun,*) 
ur i te(nu sun, '(a)') For each station:' 
urite(nv-sun *) 
uritefnu-sun: 9669) 
format (7F F i IeCanpl I, 4 x .  F i  leConp2 ' , 

do i A 1. nsta 

9609 
: 4 x , ' S A ! '  4x 'SAZ'. lx,'Avg182' 
: 2.. IcorF: s i r i ,  b~, 'sA2~,  i n , 4 v g i a 2 ~  ) 

* canpute g e a e t r i c  average of corrected averages * over stations and print out ver iws  averages 

cundetta = 0.0 
cun = 0.0 
c m o r r  = 0.0 
do i = 1 nsta 

eunfelia = cumdelta + de \ ta ( j )  
cun f cun + aloglO(evg-of 2 ( 1 ) )  
c m o r r  = cuncorr + etoglU(avs-~f_2_corr(i)) 

end do 
avg-deita-over-sta = cundel talnsta 
cull = cun f nsta 
avg-over-sta = 10.O'*cun 
c m o r r  = cuncorr 1 nsta 
avg-cor r-over-sta = lO.O**cmorr 

c a l l  in te r  interstation-sigma( 
: avg-delTa-over-sta, ilsta, sigma) 

ur i te(nu sun *) 
urite(nu1sun: '(a)') Averqged over stations:' 
ur i te(nu sun,*) 
wr i t e( nu-sun 309 ) 

30Y format(3ii I ivgDSta2Ref Si9 10*5:g', 
* AbgOverStat ions Avgtorrover Stet ions' 1 

ten2sig = ;O.O**sigm 
ucite(nu sun, 948) avg dei ta aver sta. ~- - - 
: signa, fcn2sig, ...... -. . . . .  

P* 2 of s 



0 
o\ 
4 

948 

10 

: avg.ever sfa 
: avg..cwrIst a;ten?s 1 g, avg-uver-sta*ten2s ig, 
: avg curr  uvcr S t a  
: a v ~ ~ ~ o r ~ _ o v e r _ s t i l j t ( ? n t 5  i g  , evg-rorr-over-s ta*tenis i g 

forrrwtl6x, C5.2 
5K, :4..?: hn, f4.2, 
2x, ( 5 . 2 ,  
' ( 5 ,  f4.1, I , ' ,  f4.1. I ) ' ,  

ZX, f5.2, '(', f 4 . i ,  I , ' ,  fS.l, 1 ) '  ) 

subroirtinc in te r  interstation_sigma(delta, nsta, sigma) 
s!g-: = 0.1817; ! BJF, rm+z?a cwq, H 6.0-4.9 
s i y m  = s:g 1 sqrt(l.O+!.O/nsrn: * 

{ l . U  - cxp(-sqrt(0.6*dcita))) 

re tu rn  
end 

subroutine raorder(a, n) 
real a!*) 
do i = 1, n/2 

ckm = a(n4l- i )  
a (n+ l - i )  = a ( i )  
a ( i )  = dun 

end do 
return 

end 

subroutine f i n d  avg(x, y, nlow, nhigh, evg) 
rea\ x(*) ,  Y ( + )  
area = 0.0 
do i = nlow nhigh-1 

era do 
avg = area/(x(nhlsh)-x(nlow)) 
return 

area = ar& + 0.5*(y(i)+y(i+~))*(*(i+l)-x(i)) 

end 

SUBRWT 1 NE lecote(xx.n, x .  j > 
INTEG€R j,n 
REAL x,xx(n) 
INTEGER j i ,  jm, ju 
il.3 
ju=ntr 
i f !  ju- j! . g t .  1 )then 

jm-( iu+j \ ) /Z  
i f ! l~q(n) .gt .xx( l ) ) .eqv.(x.gt .xx( jm)!f then 

elge 

erdi f 
got0 :0 
en$ f 
j = j \  
return 

J l Z J m  

ju=jm 

END 
. - .  C ( C )  Copr. 19%-97 Pcmeoical Pecipek Software $16)S-"11~. . .  

GElAVGSA.Fa 6-14-95 l2:2lp 

:&rout tne read-bap(f i I-name, f rcq, per, nper, C, sv, sa) 

* Read response spectra f i l e  mde by BAP. 

* NOTE: This version a s s a s  that the spectra were ronwtd for  
* only one dmping 

Also note that the srray o f  values i s  inverted in order so that 
frequency ritcreases. 

* Dates: 03/27/95 - Written by D. Boore * 03/i9/95 - allow for c m n t  !irtes 

real freq(*), per(*), sd(*), sv(*), sa(*), rhead(S0) 
integer i head(48) 
chpracter f i L-name*(*) 

open(unir=lO, fila=fil-;rame, status='unknwn') 

c a l l  sk;p!lO 11) 
read(:G, (S!lO)l) (ihcad(i1, i=1,48) 
reed( l G  
nsk i 0 =' i head( 16) 
c a l l  skip(l0, nskip) 
c a l l  skip(f0, 1) 

read(l0, '(3i5)') ndanp, nper, i f l a g  
read(l0, '(5e10.5)') damp 

rcad(l0, @(7e11.4)@) (per(i), i=l, nper) 

read(l0, *) 

read(l0, '17e11.4)1) (sdci), i = l ,  nper) 

close(mmit=lO) 

(5e15.7) I ) ( rheadc i ) , i=l,50) 

pi = 4.0*atan(l.O) 

do i = 1 nper 
f r e q ( i 5  = l.O/per(i> 
sv:!) = 2.0'pi'fraq(i)*sd(j! 
s a t t )  = 2.0*pi*freq(i)*sv(i) 

end do 

return 
e d  

subruiitine read-bjf(fil-name, ( r e g ,  pr, nper, sd, sv, sa) 

* &ad respons- spectra f i l e  in fornmt used in BJF93 study. 

* YOIE: This rersion ssswnes thet the qpectra were cmrrrtcd for  * o i l y  one dav ing  

* Gates: 03/27/95 - Written bv 0. Powe 

Read the periods: 



nper = 91 

open( uni t= 10, f i le=f i I-name, status= unknown' 1 

* Skip 3? lines: 

do i = i, 32 

end 30 

* Read the c.sv values: 

read(l0, *) 

raad(l0, '(7e11.4)') rsv( i ) ,  i 2: 1, 91) 

closetimi t.10) 

p i  4.0*atan(l.O) 

returr i  
end 

subroutine read-sil(f i l-naw, Zrrq, per, nper, sd, sv, sa) 

* Read response spectra f i l e  made by Vd!.t Silva. 

* NOTE: This version asstms Chat tllc spectra uere computed fo r  
* only one darrping 

Dates: 05/27/95 - Y i  i t r e n  by I). Boore 

real freq(*),  p e r ( * ) ,  sd('1, sv(*), sa(*) 
character f i l-name*(*) 

oper:(ini t=lO, f i l e= f  i i-name, s?atus='unknoun' ) 

drr i L. 1, 3 

end do 
r.Psd(lO, *) 

read(l0, ' ( t3, i3) ' )  nper 

do i :. :, nper 

end do 
read(10, ' ( 3 x ,  8(3r., t?12.7)>'> f ieq( i ) ,  sd t i )  

closeiuni t = l O )  

pi = 4.0*otan(l.O) 

do i = 1, nper 
per ( i )  = l .O/ f req( i l  
s v ( i j  = Z.O*pi*freq(i)*sd(j: 
s a ( i )  = 2.0*pi*freq(i)*sv(i) 

end do 

return 
end 

. ._ -_ - - - _  

function psvper-f(t, m, d, *) 

* Returns BJF93. 94 v a l w  fur rwdom valw, 5 % danprw 

* t =period 
* m = m n t  magnitude * d distance 
* v average shear-udJe veloci ty 

* This routine uses the cubic.polynomial resul ts f o r  the regression * coefftcients, from Table 8 i n  BJF94. 

data b l  c J 
data b2-c J 
data b 3 c  / 
data h C J 
data 05 c I 
data bv'-.r f 
dat3 I owa  c/ 
data sly1 E / 
data sis2-c J 

1 . m o l  
-0.09803 
6.26923 : 

-0.9U30, 
- 0.21 1 72, 
3.045f!4, 
0.19117, 
0.00266 
C .On263 1 

0.32667: 
1.87615 

-0.22536: 
-0 36168 
10: 592 15: 
" 0.09835, 
J.06619. 

~ O.OS830: 1.69975 

0.05649. 
0. i7264,  

-3.17713, 
0.64862, 
0.35352. 

-32.48153, 
0.52386, - 1.35085, 

-2.97445 
0.1341 5 : 
0.07367, 

-0.09145, 

1.37157/ 

-0.20739/ 
18.51690J 
-Q .20309/ 
0.7080P/ 
t . 3wml  

-0.05913/ 
-0.03324/ 
0.07 751 I 

-0.29va21 

* Evaluate mef f ic ients :  

c a l l  get-cwff(b1, bt-e, t> 
c a l l  get coeff(b2 b2 c, t )  
call ge:-coeff(bS: G-c, T! 
cal! getcoef f (h  h c- t! 
c a i l  get-coeff(b5 6 5 ' ~ .  t) 
cal: get"coeff(bv' bv-c, t i  
c a l l  get-coeff(lo~va,-logva-c, t )  

Check in r  sig less than O... th is  i s  possible because of the smoo;hing. 
i f  ( s i g l  .It. 0.0) s i g l  = 0.0 
i f  ( s i 9 7  .It. 0.0) sig2 = 0.0 
i f  (a i& . l t .  0.0) sig4 = 0.0 

sigc = 2394 
sige = sig2 

s ig r  = scjrt(sigl**2+ sigc**2) 
s loga = sqrt(s igr**2+sigea*2) 

r sqrt!d*'2.0+ h**2.0) 

04 i 0.0 ! in BJF93 

ps,.cper-f i b l  + b2*(m-6.0)*t13*(m-6.0~**2.0 
+ b4*r + bS*aloglO(r) 
+ bv*(aloglO(v)- I ogva) 
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