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L'JTRODUCTIOiJ

Analytical studies of the effect of local geology during -earth­ 

quakes generally involve a mechanical system and a numerical procedure 

to determine the wave transmission characteristics of such a mechanical 

system. If the system is not considered linearly elastic, the study 

may also require certain type of input motion and will often result in 

outputs consisting of discrete acceleration values at successive time 

intervals. Further manipulations and interpretations sometimes become 

desirable and additional computer processing would be required. This 

report describes computer programs for this purpose.

The first computer program described integrates a given accelera­ 

tion time history into velocity and displacement time histories and plots 

them at appropriate scales.. It has an option of low-pass digital filter­ 

ing to mask off high frequency components before the integration is per­ 

formed." The second program computes the response spectra of a given 

acceleration record and the third program plots response spectra in 

linear scales.

All programs were developed in conjunction with the ground motion 

research studies underway within the U. S. Geological Survey. They are 

coded in FORTRAN IV for use with the Survey's computer facilities in 

Reston, Virginia and its plotting facilities in Menlo Park, California. 

It is assumed that the acceleration input for the first and the second 

program resides on a tape or a disk and that response values for the in­ 

put to the third program are on cards generated by the second program.



In the subsequent sections of this report, each computer program is 

described; its input requirements and its options, if any, are given. In 

addition, source program listings and sample runs are included.

PROGRAM: "INTEGRATE AND PLOT"

The program, "INTEGRATE AND PLOT", consists of a main program and 

four subroutines. The main program reads the input, performs the integra­ 

tion, and generates instruction for the plotter. The four subroutines are 

called if low-pass filtering prior to integration is specified.

The integration scheme is based on Newmark's step-by-step integra­ 

tion procedure (Newmark, 1959), i.e.

V4.,., = V, + (l-a)At-a, + a-At-a,,,^
t-r/it t t t+LiL

u.,^ = u, + At-v, + (0.5-3)At -a, + 3-At -a.,,.,
 L~rAo L "C L L+aL

in which, u,v,a are respectively displacement, velocity, and acceleration;

a, 3 are integration coefficients; and t, At are time and time increment.

In this program, a and 3 are set at 1/2 and 1/4 respectively, a's are given

in g (gravitational acceleration) and At, the time increment is constant.

Low-pass filtering may be desirable when certain high frequency com­ 

ponents are out of the range of interest or when they are inherited from 

the numerical procedure applied in the analysis and thus can not be consi­ 

dered as true response of the mechanical system (Chen and Joyner, 1974).



Subroutines on digital filtering were modified from those by Eicher (1970, 

personal communication). Further details can also be found in Linnett 

(1961).

This program provides two choices of zero-phase-shift, low-pass 

filters whose characteristics are shown in Figure 1. The difference 

between these two filters is the length of the cut-off range. It should 

be noted that the actual cut-off frequency also depends on the time 

increment and that the filtered record is shorter in length than the 

that of the original record. The number of points lost at both ends 

of the record through the filtering process equals to the number of 

weights used.

Since the input acceleration record is retrieved from a tape or 

a disk, only two input data cards are required for this program. These 

two cards are:

Card No.l Format(18A4). Title card; columns 1-72 of this 
card are used for identification purpose.

Card Mo.2 Format(F12.0,616).
Col.1-12 Time increment (At) of the input acceleration.

Col.13-18 Number of data points on the input acceleration 
record (KDATA).'

Col.19-24 !iurr,ber of date, points to be integrated (KLIf-'IT).

Col.25-30 An index (KTYPE) that specifies the unit system 
to be used: If KTYPE=0, results are in British- 
units; otherwise, in metric units.

Col.31-36 An index (KFLTR) that specifies whether low-pass 
filtering should be performed; if KFLTRrO, 
filtering will be performed.

Col.37-42 The filter number (NOFLTR) specified for use; 
NOFLTR=47, or 56, see Figure 1.

Col.43-43 An index (WRITE) that, if different from 0, 
instructs the cor-cute** to replace the input 
record on dis\ or lane -nth the fi "Stereo ore.
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The output of this program is mostly in graphical form. The print­ 

out portion will include only the title, the maximum values of the time 

histories, and the scales for the plots if digital filtering is not per­ 

formed. Otherv/ise, it will also include properties and response charact­ 

eristics of the filter chosen. The graphical output is generated through 

a Benson-Lerner plotter with the software package "MENLOPLOT". The time 

histories for the displacement, velocity, and acceleration component of 

the input or filtered record are plotted in succession with appropriate 

scales determined automatically in the program. Appropriate headings and 

captions are also given along with the plot for easy identification. 

Illustrations of the output of this program will be given later in the 

report by means of a sample problem while the listing of this program will 

also be given in the Appendix.

PROGRAM: "RESPONSE SPECTRUM COMPUTATION"

The program, "RESPONSE SPECTRUM COMPUTATION", is based on the U.C. 

Berkeley version of a subroutine on response spectrum (Idriss, 1969, per­ 

sonal communication). It consists of two routines: the main program pro­ 

cesses the input & output, and calculates the spectral intensity; while 

the subroutine CMP.'-;AX ccnputes the tvaxinum spectral values and records 

the times at which these maxma occur.

It is assumed that the acceleration record for which response spe­ 

ctral values are to be computed, resides on a tape or a disk and that the 

record is given in terms of g, the gravitational acceleration. Such record 

is e G LI i v ci 1 e P t to tr.e i rr.i^/oi _'/.,' c' ~ n j u re, 3. * ."'



previously described. This program computes the response spectral values 

at 194 period values from that of 0.01 to 6.0 seconds with smaller inter­ 

vals on the short period end.

Two forms of output are provided in this program. For the punch- 

card output, each card lists the following information in the format of 

(I4,F8.3,5F12.5,F8.2):

Columns:1-4 An integer that identifies the sequence of 
data cards.

5-12 The period (in seconds) at which spectral values 
are given.

13-24 The spectral value of maximum relative displace­ 
ment in ft.

25-36 The spectral value of maximum relative velocity 
in ft/sec.

37-48 The maximum psuedo relative velocity in ft/sec.

49-50 The maximum absolute acceleration in g.

61-72 The maximum psuedo absolute acceleration in g.

73-80 The damping ratio on which spectral values given 
on this card are based.

For the print-out output, spectral values are given both in British units 

and in metric units. Spectral intensities, as included in the print-out 

output are defined as the area enclosed by the spectrum, the period-axis, 

and the two vertical lines defined by periods of 0.1 and 2.5 seconds 

respectively.

Together with the input acceleration record on tape or disk, two 

input data cards are required to run this program. These two cards are:



Card No.l Format(F6.0,516)

Col. 1-6 The time interval (DT) used in the acceleration 
record.

Col. 9-12 The total number of data points in the accele­ 
ration record (ilQFDA).

Col.15-18 The number of points of the above that should 
be used for computation (KG).

Cols. 24 The values for the indicies Kl, K2, and K3 
30, 36 respectively (see below).

Card No.2 Format(18A4). Title card; columns 1-72 of this 
card are used for identification purpose.

Damping ratios are given in the program in the sequence of: 0.0, 

0.01, 0.02, 0.05, 0.10, 0.20. Kl and K2 specify the index of the first 

and the last damping ratio in this sequence of which response spectra 

are to be computed. K3 specifies the difference in index between 

adjacent damping ratio values that are chosen for computation. For 

example, Kl=l, K2=5 and K3=2 would imply that damping ratios of 0.0, 

0.02 and 0.10 have been chosen . On the other hand, if only damping 

ratio of 0.05 is chosen, then Kl=4, K2=5 and K3=2 or larger. Finally, 

if all damping ratios are required for computation, then, Kl=l, K2-6 

and K3=l.



PROGRAM: "LINEAR RESPONSE SPECTRUM PLOT"

This program, "LINEAR RESPONSE SPECTRUM PLOT", was prepared to plot 

response spectra in linear scales through the Survey's existing computing 

and plotting facilities. It was designed to use the punch-card output from 

the previous program, "RESPONSE SPECTRUM COMPUTATION", as its main source 

of input. The program first generates instructions to the plotter to plot 

the grid and the heading; it then processes the spectral values of a spe- . 

cified component (for example, relative velocity), generates coordinate 

pairs and instructs the plotter to plot accordingly. In addition to the 

main plot showing headings and spectra, a side plot for the purpose of 

identification is also incorporated. The total height and the total width 

of the main plot is flexible while the size of an unit grid stays fixed at 

one inch squared. A typical plot is reproduced in Figure 2 which, along 

with some added hand-written descriptions, hopefully will make statements 

in this section of the report easier to comprehend.

In order to get a better definition in the higher frequency range 

and to have enough details in case the response spectrum is plotted in 

logarithimic scale(s) , it was necessary to maintain smaller period inter­ 

vals at the short-pericd end. However, in the case of linear plots, such 

consideration leads to unnecessary crowding of data points for small 

peri oil values. It was thus decided not to plot every data point that is 

provided by the previous program. Instead, this program ignores the 

first 8 da*a points and starts plotting the spectrum at the period of 0.05 

secc"-i, it tri9;~, skios every other data Doint if needed to maintain a 

: ' -3-.'; of nc less thin 0.01 second.
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Tne maximum number of curves that can be plotted on one single plot 

by this program is 4. These curves can be identified by pre-designated 

symbols in the order of how these spectra are processed: the first curve 

will be plotted in a simple trace with no symbol; the second curve will 

be marked with asterisks; the third curve, with small triangles; and the 

fourth one, with small rhombuses. Plots showing velocity or displacement 

response spectra can be made in either metric or in British units.

The plotter will stop after the fine grid lines are drawn and the 

operator can change the plotting pen to complete the rest of the plot. 

The plot shown in Figure 2 was made with a No.l and a No. 3 pen.

Input data cards that are required to run this program are as 

following:

Card No. 1 Form,at(l 1A*). Title card; columns 1-44 of this
card are used to identify the plot. See the side 
plot in Figure 2.

Card No.2&3 Format(16A4). FNOTE1 & FNOTE2; columns 1-64 of 
these two cards are also for identification pur­ 
pose. See the side plot in Figure 2.

Card No.4 Format(5I6)

Col.6 An index (KTYPE) that determines which component 
of the spectral values is to be plotted. If
KTYPE^l ; plot maximum relative displacement.

2; plot maximum relative velocity.
3; r.sxii-.'jr, osu-co relative velocity.
4; maximum absolute acceleration.
5; maximum psuedo absolute acceleration.

Col.12 The maximum value of period to be included in the 
plot (LX). For example if LX=4, the program plots 
spectral values up to the period of 4 sec. only.

Col.18 The number of divisions (LY) in the y-direction
(consider period axis as the x-direction). LY should 
not exceed 3 if 10" plotter is used.



Col.24 The number of curves to be plotted (NCURVE). 
This number should not exceed 4.

Col.30 An index (KUHIT) that specifies the units in which 
the plot is to be mace.' If KUNIT^Q, displacement 
and velocity spectrum plots will be made in ft. or 
ft/sec. Otherwise, they will be in cm or cm/sec.

Card No.5 Fonnat(9A4)

Col. 1-36 Each successive 4 columns list the ordinate scale 
numbers (AMP(!),1=1,9). The sequence is from the 
bottom one (AKP(1)=0) to the top (AMP(LY-H)) and 
any of the 4-column entry can be left blank as 
shown in Figure 2.

Card No.6 Fomiat(F12.5). SCALE

Col.1-12 The y-scale used in the conversion of spectral 
values into ordinates to fit the plot. If 
AMP(1)=0 and AMP(I)^0, then

SCALE = (I-1)/ANP(I) .

Cards lio.7 Format(4x,F8.3,5F12.5).
These cards contain information on the spectral 
values of various components at a particular 
period. They should be exactly the output from 
the program "RESPONSE SPECTRUM COMPUTATION" in 
its original sequential order. There should be 
a set of 194 of these cards for each spectrum to 
be plotted.



SAMPLE PR03LE>[

To illustrate the use of these programs, a sample problem was pre- 

cdrea. The probler.i considers Cal Tech's artificial earthquake accelero­ 

gram C-l (Jenning et al, 1968) which has a total duration of 12 seconds 

and consists of 481 acceleration ordinates at 1/40 second intervals. The 

record was converted into a disk file for this particular application.

In order to test the option of low-pass filtering, the C-l record 

was modified such that the time interval was 1/10 that of the original. 

The record was then put through program "INTEGRATE AND PLOT" with, addi­ 

tional instructions that filter No.56 be chosen and that the filtered 

record replace the original record to occupy the same storage space 

(tracks) on the disk. As a result, the program produced plots of the 

filtered record and a new disk file for response spectrum computation. 

Response spectra at damping values of 0.02 and 0.10 were subsequently 

computed and plotted by using programs "RESPONSE SPECTRUM COMPUTATION" 

and "LINEAR RESPONSE SPECTRUM PLOT" respectively. It should be noted 

that, because of the extremely short duration of the input acceleration 

record (less than 1.2 sec.), results from"RESPO:iSE SPECTRUM COMPUTATION" 

bear very little practical significance other than that they are given 

merely for illustrative purposes.

Furthermore, it was decided that all plots would be made in metric 

units and that relative velocity response plots be made for this denicn- 

straticn. Accordingly, the following input data cards were used for 

these ssr;:"ie runs .



Cclu:nn 1 0 2 Q 3 Q 4Q 5 Q 6 Q 7 Q

*. ..4-. ...*.. ..4-. ...*.. ..4-. ...*.. ..4-. ...*.. ..4-. ...*.. ..4-. ...*.. ..4-..

1I SIMULATED EJ C-2 ,V/ ms 5C.4LZ1 REDUCED BY 10, & W/ FILTER NO. 58 
0.0025 431 481 9 9 56 9

0.0025 441 441 352
CIT SIMULATED EQ C-1 W/ THE SCALE REDUCED BY 10, & W/ FILTER NO. 56

(For tj LINEAR RESPONSE SFECTRUI-! PLOT")

SA!'-I?LE PROBLEM   LIN. RESPONSE SPECTRUM PLOT
FILTERED ARTIFICIAL EARTHQUAKE C-1 WITH Tim SCALE REDUCED 

2 PERCENT DAltPinG ( ) VS. 10 PERCENT DAWINGC**). A. CHEN, 3/
2282 

0 0.6 1.2 1.8 2.4

Punch-card outputs from "RESPONSE SPECTRUM COMPUTATION" should also be 

included as input to "LINEAR RESPONSE SPECTRUM PLOT".

Plots that were made by these programs together with their print­ 

out output v/ere reproduced and are presented next. To save space, however, 

response values for darcping=0.10 are onitted. It should be noted also that 

there is no print-out output for "LINEAR RESPONSE SPECTRUM PLOT".
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Source program listings are included in this section. Source decks 

as well as any further information concerning the use of these programs 

may be obtained from the Computer Center Division, U.S. Geological Survey 

or from the author of this report.
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C° *

c« PROGR^ W : 'INTEGRATE AND PLOTI « 
c* *
C* BY; A, Or.Nt tNGI'.r.f - ING G~C'_CGr'» ME\{_0 PA-.<» CA. A/73 ° 
C^ REVISEO: S/75. TO K^AJ iNPjT ACC£LE«'A ' I OS F^GS^ DISK; *
c* TO INCLUDE LOW-PASS FILTERING OPTION; «
C» 3/76. FOR FINAL DOCUMENTATION, « 
C* ^ ^^ ^*

C 
C

DIMENSION IM8001»3),X(J30C1)»Y(8001)»TITLEUS>»YSCALE<3)»ZMAX(3) 
REAL'8 DT

2 FORMAT (1344)
3 FORMAT (I UNTEGRAT ION OF ACCELERATION RECORD ANO PLOTS OF DISPLACEM 
1EN1 , VELOCITY AND ACCELE R A T I ON » // 1 1 X » 1 8 A4/ }

4 FORMAT (F 12,0* 1016)
7 FORMAT ( >QMAXIM'J U VALUES'//16Xt »FOR DISPLACEMENT » tF&,2 *» INCHES'/ 
116X,«FOR VELOCITY « »F6. 2 »  IN/SEC* /16X »« FOR ACCELER AT I CN » . F6 . 2 * 
2« G,'//)

8 FORMAT (« OMAXIMUM V ALUES ' // 1 6X , » FOR DISPLACEMENT » ,F6.2 t » CMS*/ 
116X,«FOK VELOCITY » , F6 . Z »' CM/SEC »/ 1 6X »» FOR ACCELERAT ION » t F6 , 2 » 
2» G.'//)

9 FORMAT (' OVERTICAL SCALES USED* 1 INCH =»»F7.2»» IN. FOR DISPLACEM 
lENT»/32X,F7.2i ' IN/SEC FOR VELOC IT Y » /3?.A » F7 . 2 »   G, FOR ACCELE3AUO

10 FORMAT ( 'OVERTICAL SCALES USED* 1 INCH =»«F7.2»» CM. FOR DISPLACED 
lENT'/32X,F7.2f ' CM/SEC FOR VELOC I T Y ' /32X » F7 .2 » ' G. FOR ACCELERATIO 
2N»//)

C
C

REWIND 2
READ(5»2) TITLE
READ(5.t4) OT»KDATAiKLlMlT,KTYPE»KFLTR,NOFLTR«Krt'RI TE 

C
C IF KTYPE IS NOT ZERO* RESULTS WILL RE GIVEN IN METRIC UNITS. 
C IF KFLTR IS NOT ZERO* LOW-PASS FILTERING WILL BE PERFORMED?
c IF WRITE is NOT ZERO* FILTERED RECORD WILL REPLACE UNFILTERED
C INPUT RECORD RESIDING ON THE DISK, 
C

READ (2) (X(I) >I=1*KDATA) 
REWIND 2 

c
IF(KFLTR .EQ, 0) GO TO 15
CALL LO-^AS ;KOATA » x, Y»\o r LTR IDT»TITLEIKWRITE)

15 CONTINUE
WRITE(G»3) TITLE 
XX= 951.456 
IF(KTYPE . r Q, 0) XX

20 U(I »3) = XX»X(IJ



IFCKLIMIT .GE. KDATA) KLIMIT=KDATA-l 
ALPHA = 0.25 
BETA = 0,5 
BETA! = 1« - BETA 
ALPH&2 = 0.5 ~ ALPHA 
ZMAXU) = 0.0 
ZMAX(2) =0.0 
ZMAX(3) = 0,0 
TIME = 0.0 
U (1»2) = 0.0 
U (1 »1) = 0.0 
DT2 = DT*OT 
DO 50 1=2,KLIM1T
U(I»2) = U(I-1»2) * (BETA1»LMI-1»3) *3ETA«U(1.3M»DT 
U(!f 1) ='J (!-!«!) *U(I-i» 2) *OT* (ALPHA2*UII-1»3) * ALPHA'U ( I » 3) )»OT2 
DO 40 J=l i3
IF (ABSiUd » J) ) .GT, ZMAXUM ZMAX(J) = A3S(U(IiJ» 

40 CONTINUE
50 CONTINUE

ZMAX(3) = ZMAX(3)/XX 
IF(KTYPE .ME. 0) GO TO 150 
WRITE(6»7) (ZMAXU) » 1 = 1 »3) 
GO TO 350

150 WRITE(6»0) (ZMAX(I)»!=lt3) 
250 CONTINUE 

C
c FIND Y SCALES

00 57 J=l,3
ZHALFrZMAX(J)/2,
IF (ZMAXU)-!.) 51t53»53

51 FAC-10. 
-52 ZTEST=FAC^Z W ALF

IF(ZTEST .GE. 1.) GO TO 55 
FAC = FACMO, 
GO TO 52

53 TAC=1.
54 ZTE5T=FAC*ZHALF

IFCZTEST .LT. 10.) GO TO 55 
FAC = 0.1'FAC 
GO TO 54

55 ZTEST = ZTEST * 0,5001
YSCALEU) = FAC/AIMT (ZTEST) 
IFiZHALF .LT. 0.55 GO TO 56 
IF(ZHALF .GT. 1.5) GO TO 56 
ZTEST = 1C./ZHALF 
YSCALF(J) - 0. l»Al\T (ZTEST)

56 CONTIfjUE
57 CONHNLt

YSCALE(3)=YSCALE(3)XXX 
C FIND XSCALE

' PL=KLIMIT/200. 
XSCALE=0.01



IF(PL .GE, 12.) XSCALE=0.005
59 CK = KLlMlJoxSCALE 

KC = 1 * IFIX(CK) 
CK = FLOAT (KG) 
X 0 = 2 . 3 
YO = 5,0
CALL PLOT(o.»o..3) 
CALL PLOT(o.*o.»2) 
CALL PLOT (o. *o. .3>
DO 95 J=l ,3
DO 60 1=1,*LI^IT
X I I ) = X 0 * X S C : L E" * I
Y(I) = Y0 * U(I.J)*YSCiLE(J)

60 CONTINUE
XI = XO * 0.2
CALL PLOT ui .3. »2>
CALL PLOT 1x0,2, .2)
CALL PLOT(xo»7..2)
CALL PLOT(XI ,7 . ,2)
CALL PLOT ui ,5. »3) 
CALL PLOTuo,5.t2)
DO 70 1 = 1 ,KL!MIT
CALL PLOT (X(I) ,Y (I) ,2)

70 CONTINUE
XI = XO + 0.3 
X2 = XC * CK
CALL PLOT(X2 »5.,3)
CALL PLOT(xi,s.»2>
CALL PLOT ui ,s. »3)
XSTA3 = XO
YSTA^ = 7,0
DO 75 1 = 1 tKC
XSTA^ = XSTAR * 1.
CALL LETTER (i»2»o tXSTA^»YSTARIIH»)

75 CONTINUE
YSTAR = 3.0
XSTAR = XSTAR * 1.
DO 80 1=1,KC
XSTAR =* XSTAR - 1 .
CALL LETTER(1»2»0»XSTA3,YSTAR,1H») 

BO CONTINUE
IFU .EU. 3) YSCaLE(J) = XX«YSCALE(J)
HSCALE=DT/XSCALE
VSCALE^l/YSCALE ( J)
CALL LETTE 3 (7?«2»3»*. D«1.5*TITLE)
C ALL S Y '-'- : L 1 * 1 ' 1 , i : . 1 2 < « 1 I - . = ' i 1 . » 8 )
CALL N I' M :;. F r< i -} ^ 9 , ? "? s i , , ?, , 1 2 » *- S C i L r t 0 . < 2 )
CALL SYS-^OL. (9^o. ,^^Q. , 0 . ^-?, i s^c, (HORIZONTAL)? «tO«i20>
CALL SYJ-'^OL (Q9-i. .999,,o. i?»«1 IN. = '»c.»3)
CALL NUV-EPt^vi..999.,o.i2»vscALE»o,«2)
-GO TO (82 »5^ »SS) .J 

82 1FCKTYPE .Net 0) GO TO 33



CALL SYMBOH999..999..0.12«» IN,OF 0 I SPLACEM.ENT i t 0 .   19)
GO TO 90 

S3 CALL SYM3CL (993. «999, »0,12i f CM OF DISPLACEMENT *i0.t19)
GO TO 90 

6^ IFtKTYPE .SE, 0) GO TC 35
CALL SYMBOLi999.»999.t0,12» f IN/SEC OF VELOCITY*»o.»i9)
GO TO 90  

85 CALL SYMBOLC999.»999.»0,12»» CM/SEC OF VELOCITYt,0.«19)
GO TO 90

86 CALL SYMBOL(999, ,99^. .0.12»» G OF ACCELERATION*,o.»18) 
90 CALL sYf-^^L 199^. »999. »o. 12*' i VERTICAL) »»o. »m
95XO=XO*6. *CK

CALL PLOT<X2»0 . »999)
DO 100 1=1*3
YSCiLEd) = l./YSCALE(I> 

100 COr.TIr t UE
IFtKTYr-E ,NE» 0) GO TO 110
WRITE«6i9) lYSCALEi!)»I=1»3J
GO TO 120

110 WRITE(6»10) (YSCALE(I) »1 = 1f3) 
120 CONTINUE

STOP
END



SUB ROUT INE LOw°AS ( NY » Y IN » YO'JT , NOFtTR » DEL XT , T I TLE »KWRITE) 
C* - *
c* L c  -,-  ~.'. s ; r :i- T :-:^: : r DI-V.TIZED iccr.LE-ATtON RECORDS a
r* <j <J

C* 3/71» ADAPTED FRO 1*' ?=;0:-f"<A^ -.9323 ± < ANOREA5CN s EICHEP *
c* 8/75 REVISED FOR USE AS A SUBROUTINE OF 'INTEGRATE AND PLOT» * 
c° *
r* ^^^^^^^^^^^^^^^Q^^^^^^^^^^^^^^^Q^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^'^^^^

c 
c

REAL*?, CE...XT
D i MEN sic*-- YIN(^QO i) * YOLT ( BOO i ) » TITLE (i AJ » WEIGT (300) »FIL T (30 n

12 FORMAT ( 1H! , 13A>/ » MODIFIED 8Y THE l_0^-PAS5 DIGITAL FILTEH WITH ThE
1 PARA'-'ETE^S* F(CUT-CFF) = » , F8 . 5/7 0 X . 3HH = t F3 . 5/58X » ' NO , OF WEIGHTS
2 - » « I 4 , E X » i '-, H I C r A -? E * / / ) 

IH FO^"iT iIP 1OE12.-)
15 FORMAT(blnOK^S-CNSES C C^ NO-^'ALIZEH FREQUENCIES FROM 0.001 T0» 

& 2-H 0.050 IN SfE-S CF 0.301;
16 FOKMAT(5EI8.5)
17 FORMAT(51HORESPONSE3 FOR NORMALIZED FREQUENCIES FROM 0.052 TO* 

0 2^H 0.100 IN STE p S OF 0*002)
18 FORMAT(51HORESPONSE3 FOR NORMALIZED FREQUENCIES FROM 0.105 T0» 

* 24H 0.200 IN STEPS Or 0,005)
19 FORMAT 15 l-O-E^C'-ScS ~0'-? NO-^iLIZEO FREQUENCIES FROM 0.210 TOi 

<* 2-^. 0,5^ IN STE-5 OF  ) . f, 1 0 )
22 FORMAT ( irO/55KOTrE ^I^Tf^ED --ECORO: TKiiNS r OR k '.EO INPUT POIN'5 FP,C« 

lNO»»Ii»»» TO NO. «.!*»»» IN STE''J 5 OF i » I 2 « « ? » // 22 X » » H A S A TOTAL LENGT 
2H OF',I5t» POINTS*'//22Xt »AND A TIME INTERVAL OF »iE10.4,t ,i//P?X , 
3«WITH THE W IM^-UM OF   t 1P£1 1 ,^»   « »//23X,   A.NO TriE MAXIMUM OF  » 
41PE11.4.»;«//)

23 FORi'.M (2?X ,   I T HAS NOT REPLiCEO TH^ ORIGINAL RECORD ON THE DI3<,«) 
-24 FORMAT (22X.'IT HAS REPLACED THE ORIGINAL RECORD ON THE DIS;"»') 

C 
C

II = 1
'12 = NY 
CUT = 0,05 
Nl = 70'
IFINOFLTR .GT, SO) Nl=20 
H = 0.01
IF(NOFLTR ,GT. 50) H=0.05 
DO 25 L=l.Nl 

25 WEIGT(L) = 0.0 
HO = 0.0
CALL c 1-'-- (CUT »H,M .r ILT t -EIGT ,vo)
WKITE(6.12) TITLE, CUT, H, N1 
WR I T E ( 6 f 1 ^ ) w 0 i (  > £ I G T ( L ) « L = I t N \ )
CALL FRSP (o .00111,o .001 »50iwo, *,EIGT iM «YCUT)
W3I1E(6«15)
WRITE(6»16) (YGUT(L) »L=l »50)
CALL FRS^ (0.05?, i»0.302*251 ̂ o »V»EIGT.M »YOUTJ
WRITE(6 17)



WRIT£(6«1&1 (YOUT (L> »L=1 «25)
CALL F R S ? : ; , \ 0 8 » 1 * 0 . Q 0 5 » 2 0 i * C » w E I G T i N 1 * Y OU T )

CALL FR5?(3.2i:»itO.O!»30^0'.s«El3 r »M<YCUT$
WRI TE (6» L9>
WRITE(6.16) (YOUT (L) tL=l » 30)
IDEL = 1
I F { I 1 . L T . ( Ml * 1 ) ) I I = N 1 * 1

12 = II * (NYOUT-1)<*IOEL
C&.LL WTOY (YINt YOUT ,WO » /«£ IGT » Nl » I 1 f I 3 « I DEL » YMI N , YMAX ) 
IF (OcL*T ,L . ? , ") i 0=:^'<T = 1.0 
D£ !_X = DE-. 4 T^^^^C i T i [Cc L )
WR;TZ(^»??5 Il« I5» IOEL   NYCoT» D£uX f YHIN? YMAX 
NY = NYCUT 
00 30 L=l »NY 
YIN(L) = YOUT(L) 

30 CONTINUE
IF(KWRITE ,EQ. 0) WRIT£(6«23) 
IF(KWRIT£ .N-E, 0) WRITE (6*2^) 
If irv'^I Tz ,EO , 0) GO TO 90 
W^l T£ i?! (Y I.N (L^L-1 »NY) 
EN'JFILE 2 
REwINF) 2

90 CONTINUE 
KEIUKN
END
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SUBROUTINE WTOY { Y IN , YCUT t WO « W , NW , I 1 » I 2 » IJ , YM I N t YMi X )

Ol-'-E ^31 D-N YINC-..V:-15 » YCL'T j 30 0 1 ) » ^(300)
K-0
YMAX=-1 .OE3S
YMIN=1 .OE38
DO 30 1 = 11 tI2.IJ
SUM=YIN i I ) ^^3
IF (N.,1 .LT. i> GO TO 25
DO 20 J~\ ,N'-v
IPJ=I*J
IMJ=I-J

30 SUMsSUM* (YIN(IHJ) +YIN(IPJ) )*W(J) 
25 K = "x*l

IF (SUM ,GT. Y^AX; Y W AX = 5'J^
IF (SUM .LT. Y^IN) Y.'-'IN-oL' 1-' 

30 YOUT {,<; =SiJM
RETURN 
END



A, CHEN, ENGINEERING GEOLOGY* MENLO PA=?K» CA.
*

4/69. ADAPTED FROM THE PROGRAM 'WRITTEN BY IORISS. *
5/73» REVISED TO EXTENC PERIOD RANGE & TO INCLUDE METRIC UNITS"
8/75 REVlSc') TO ^EA^ ACCELERATION F^OM DISK. «
3/76 RE.'ISF") FOR F !. N U. DOC . M ENT ,i f I ON , <*

<> -5  »  <J  :  -3- -3- o «   *

c
c DIMENSION AND DATA STATEMENTS

DIMENSION A(8005)» T(200)« 2LO(6)t PRV(300)i PA4(2nO)t RV(2005» 
1 A4(2GO) , RD(HOO) » NfM^»)» DW(A)» TITLE (18) 

C
D A T A N  -' / 1 -5 « 1 *  0   2 5 « 1 1 /
DATA 0 r*1 / 0 , 0 C S t 0 . 0 1 O . 1   0 . 2 /
DATA ZLD/O. , o.ni , 0.02*0.05 t o. 10 >o.2/
REALMS DT 

C
C FORMAT STATEMENTS 
C

2 FORMi^ : l?A^i 
12 FC""^-T (E5 , 1 * 10 1^,: 

112 FORMAT ( 1H1 ,5X» 'TIME AT WHICH MAX, SPECTR-L VALUES OCCUR'/
1 lOXt'TD = TIME FOR MAX. Pb.LATIvE DISP. 1 /
2 lOXtiTV = TIME FOW MAX. RELATIVE VEL. '/
3 10X,'TA = TIME FOR MAX. ABSOLUTE ACC,'/
4 5A» « DAMPING RATIO =«,F5,2//5

312 FOR'-'AT ( IH! ,5A , t S^FCTRiL V ALUES  » / 1 OX , 1 8A4 » 5X » « OA W P I NG RATIO =» 
1 F5.2//bX * 31-NO. .4Xi6H°ERICU»5Xt IQ^-PE... 0 IS? . t bX f 9.SPEL . VF.L.i3X,
2 12HPSU.KEL.VEL. ,6X,9H£9S, ACC , » 3X , 1 2HPSU . A3S . ACC . )

313 FORMAT (13X,5H(SEC) »10X»5H(FT.) iBXiSH (FT/SEC) »6X,8H (FT/SEC) *9X, 
1 5H( G' ) » 10X, 5H ( G ) /)

322 FORMAT ( I8«F10.3»5F15.5)
323 FORMAT (l4,F8.3»5F12.5fF3.2)
324 FORMAT (13X,SH( SEC) »10X,5ri(CM.) , 8X» BH (CM/ SEC) i6X»BH(CM/SEC) »4X»

1 12H(CM/SEC/SEO »PX i 12H (CM/ SEC/ SEC) /) 
362 FORM.AT (//10X, ' SPECTRAL INTENSITIES FOR DAMPING RATIO =«»F5.2/

1 22X,»BASED ON REL. VEL.i SI='»F8.3/
2 15Xt 'BASED ON PSUEDO ^EL, VEL.» SI =»»F8.3) 

C
c PUNCH CARD OUTPUT WOULD ALWAYS BE BRITISH UNIT SYSTEM, 
c

REMIND 2
KCGOUT = 9
READ (5 » 12) DT ,\'OFQTA iKG»Kl »K2»K3 
AFAC=32.2 
.READ(S,2) TITLE 
READ (2) (All) i 1=1 iNGFOTA)



REWIND 2
C CMAV3E. A INTO FT/SEC/SE3 
C

00 -00 1 = 1 »'-<3
Ad) =A JI > *AF'\C 

400 CONTINUE
KUG = KG-i 

C
DO 900 NDD = Kl ,:<2 <K3 

C
0 - Z'_0<v;o)
WRITE (6.112) 0
N = 1
T (N) = 0.01
Yf = sc-: T ; i .-::*3) 
DC 30 :  L = : i^
M = -\'M :L ;
DO 200 LOG^ = 1, M
W = 6,2831853/T(N)
WO = YY»tf
W2 = W»W
W3 = W2**.1

r «  '.><>  & <-  > o   > v -> o  >  » o ->  :> o i> < 5 o  >  "  » o »   :   » * * ^ a- v o  -   <- o w- > o -s v> c- 0 -o-  >  > <!   » -s  > -> ->  » <j o * * «  » -a-  » o <* «   » *

CALL C V = "AX (K JO * A ? " !N) » -^ « ">2 » - 3 ti.'J -0 »DT » ZO » 2V » Zi ^
C «* **o o.-> - « c-o*.-..,^.>.>= .>.,:.:>.>^> ,vv->:- ,'j-i ..-.^ >.-->-^-t »»>o-*-,-><: o « ><, ,-d  > *.^»^>  .-<>«-ice--

AA(N) = ZA/32,2 
RV(N) = ZV 
RD(N) = ZO 
PRVM) = W»ZD 
PAi(N) = >:2'-20/3?, 2 
T (N + 1) = T (N J * 0 " (L ) 

200 N = N * I 
300 COMINUE 

M = N-l
WRITE -(6.312) TITLE* 0 
.WRITE (6.313) 
DO 320 N = 1i M
Wtf I T£ (7 »32'J5 N* T (N) »RQ (N) »RV (N) , P3V (N) » AA (N) tPAA (N) »0 

320 WHITE {'6. 332) N, T(N), RD(N), RV (N) , "PHV {N > , AA(N)i PAA(N) 
C
C SPECTRAL INTENSITY CALCULATION 
C

51 = 0.
52 = 0 »
00 353 L = ?0t H^ 
DO = (T ;L)-T(L-l> )/?, 
SI = SI * DO°(^V(L) * RV;L-1)) 

350 S? = 52 » DO^ '. PxV (L) * PHV(L-l)) 
WRITE (6»3S2) 0» SI, S2 
IP(f\CGOuT .EQ« U) GO TO 900 

' WRIT£ (6.312! TI TL 
W f-:lTt (6.32M 
DO SCO N=1 t M 
HD<N)=30.^P'^O(N) 
RV(N)=3D.^9°R / (N) 
PRv .'N} -30 ,AB^ 3 -< ; ( 
A A ( N ) - ^ - ~ » » \ A ( N 5 
PA i r:----".   "-.«.*. ('
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£&V$&4&-$Q<}ZC-&VV&^<>4-yV~><}&<>*>>&G&<JV<}'}<*<>Q' J>'i-V<l'>9 J*&9 i} J}&'> J>-

C . «
C s P :\:: C-HA > '; 'L'NE-^ -ESP.JNSE SPECTRUM PLOT' *
r c- *

c° BY: A, CHEN, ENGINEERING GEOLOGY* MENLO PARK* CA, s/&* *
c° *"
c w REVISEO: 5/73 TO INCLUDE METRIC UNITS; *
C* 3/?6 PCS FINAL DOCUMENTATION. »

C
C DIMENSION AN3 r O-;rAT STATEMENTS 
C

DIMENSION AMP (10), Z(5)» T(19b)t X(196). Y(196). TITLEdl)* "
1 FiOTEldf>)t -NCTE2 i 16) , NUM(6Ji XP(200)t YP(ZOO)»
2 I s Y -:; -'-!
O^TA N'j l-\/ 1 OS ' 1 5-   1 7- ? 1 5-' 1P9 t 19^/ 
DATA ISrM/0,57,7Ji7i/ 

C
2 FORMAT (1216) 

12 FOHMAT (18A^> 
22 FOKMAT (6F12.5)

42 FO u;,'-'AT ( 1-:0 ,5X» '   > ^> u OOuP-S. WRONG DATA. CHECK VALUES OF KTY?E» L
IX ANJ LY. «ETTE^ LUCK NEXT TT-'E * * * » ; 

C
REAO(5»121 TITLE 
HEAO!5»12) FNOTE!

(5*?! KTY^E, LX» LY, NC'JPVE, KUNIT

MEAD (5^22) SCALE
NPOINT = NUM(LX) - 13 

C .
C SAFEGUARD SYSTEM AGAINST MISPUNCriEO DATA FOR KTYPE* LX AND LY 
C

IF(KTYPE .GT. 5) GO TO 99
IF(LX ,-GT. 6) GO TO 99
IF(LY .GT. 8) GO TO 99
GO TO 300 

99 CONTINUE
00 ICO LOOP=1,H
V/RITE lb,^2) 

100 CCNTI\LE
GO TO 9 S 9 

C
c TO WA^M UP PLOTTING PEM - PAKT i, INCLUDE USER'S IDENTIFICATION

300 CALL PLUT (2,3,i. ,3)
CALL PLOT (i.4,i.,25

. CALL PLOT 11 .<+ ,<?.,?)
CALL PLOT (2.3,9.,2)
CALL PLOT (2.3»i.i2)



CALL LETTER i64»2»9Qt2.20*1,io»FNOTE2) 
c
c "LOT : -":>. :--?:~; siz r is VA :<:ED ACCORDING TO VALUES OF LX A sn LY 
c LA = .v:. c- Sf:;\  - ;-. -D £, ?;: :,» LY = \o, CF DIVIS-.CNS r o: c.^?,

AX = 2.'>LX * 5, 
LX = 2«L\- I 
AY= 1,*LY * 1.5
LY = LY -1 
00 3?l 1 = 1 .LX 
A - 5 , * 1 . * I
C.*LL £ L ' J ~ ; A . I . 5 , 1 i
CALL PLOT (A.A v i2) 

320 CONTINUE
DO 3*0 1=1»LY 
A = 1 . E * 1 . <*!
CALL PLOT 15., \,3;
C.--LL PLJ T (AX,i»pi 

3-0 CONT:\LE 
c 
c CHANGE PEN TO PLOT HEADING

CALL PLOT to. »o. t-3> 
c
C TO wAPM UP PLOTTING P£N - PART 2» INCLUDE EARTHQUAKE NA'-4 E 

C i L'. L E T T ̂  ̂  « 6 i., H   9 T » 1 . q 5 i 1 . 1 0 » ^ NO T E 1 )
C ;. _ L L E r T E - '. ^ :- > 3 i T^ i 1 , 7 0 « 1 , 3 5 , T I T L E ) 

C
CALL PLOT (5.ti.5*3)
CALL PLOT (5,, AY,21
CALL PLOT (A*»AYt2)
CALi_ PLOT ( AX i 1 ,5 » 2 } 
CALL PLOT (5.t1.5 »?>

c
A = 1 .2
CALL LETTER u»3»o,^.97,A»iHO) 
uo

3^5 1=1*1
B = 5. * l.»I - 0.26
C = 0.5*1
C ALL NUX:-1 ER { 3 . A , 0 . I U i C » 0 . i * 1 )
ATEST = LX+l-I
IF(ATFST) 350 » 350 « 3^*5 

350 AHCR = 0.3^ * AX/2.
CALL LETTER (? /*»3»0«AHC^»0.6C»2^HNATURAL PERIOD - SECONDS)
LY=LY*2
A r. i, . 2

DO 360 I=i»LY 
B = 1*1. * 0.^2

360 CALL LETTEK (4.3,0 i \,$ , A'-P (I) ) 
c
C - TfPE C- CO'-'PO.NENT TO 3E PLOTTED DEPENDS ON THE VALUE OF KTYPE
C
C KTYP£=lf PROGRAM PLOTS MAXIMUM RELATIVE DISPLACEMENT,



C KTYPE = 2. PROG-AM PLOTS ^AXI^'JM RELA T TVE VELOCITY,
c K7YPE = 3« MA*I°U M PSLEDG -E_A^I;E VELOCITY,
c CF ^.M" is -..;: ZE"-:- '--. '-~:VE ..ILL RE GIVEN IN FT. L s-.z
C GTriFR'.V I SE » T~£ i WILL 5E oI-EM IN CM i 5 EC. 5
C KTYfJ t=4 t PROGRAM PLOTS MAXIMUM ABSOLUTE ACCELERATION IN G
C KTYPE=5» MAXIMUM PSUEDO ABSOLUTE ACCELERATION IN G
C

A = 4.0
IFCKUM T ,\E, 0) GO TO ^5C
GO TO (36 ~ . 3 7 3 . 375« 3 = " , 3 rr . t ^7'r-£ 

365 AHOR = A Y/2. - 2.13
CALL LETTER (3£i3« 50 »A»AhC c<»32MMAX. RELATIVE DISPLACEMENT - CM,)
GO TO 400 

370 AHOR = AY/2. - 2.22
CALL LEfTER (33,3 . ;.",» A, i-.C-i33n" -. RELATIVE VELOCITY - CM,/SEC,!
GO 10 -00 

375 AHOR = A v /2 . - 2 . i T
CALL LETTER ( 32 « 3 , VO « A i AHOH i 32HMA X . PSUEDO REL-. VEL. - CM. /SEC,;
GO 10 4CO 

380 AHOR = AY/2.-1.95
CALL LETTER (30,3t90»A»AhOR»30HMAX. ABSOLUTE ACCELERATION - G)
GO TO Aoo 

3£3 AnOR = A v /?. -1 .53
CALL LE i r r_-, ' 2n » 3 « r:;» A , AHCP, , 2'=-: 1J A->, PSUEDO Ae5. ACC. - G; 

4 00 CO NT ' N - E
IFtKTY^; , L F. 3) SCALE=30,48-SCALE
GO TO 550 

450 CONTINUE
GO TO (465«^70i /t75» 't30 »4d5) , KTYPE 

465 A'-.OK = ;.Y/?, - 2.13
CALL LETTe^ ( 32, 3 »  ? ;)«At AHOR» 32n.v A^. RELATIVE DISPLACF.--'?-. NT - FT,)
GO TO SCO 

470 AHOR = AY/2. - 2.22
CALL LETTER (33,3,90.AtAHOR»33HMAX. RELATIVE VELOCITY - FT./SEC.)
GO TO 500 

475 AHOR = AY/2. - 2.10
CALL LETTER (32»3i90tAtAnoR»32HMAX, PSUEDO REL. VFL. - FT./SEC.)
GO TO 5"uO 

480 AHOH = AY/2.-1.95
CALL LETTER (3o,3»9o»A»AHOR»30HMAX. ABSOLUTE ACCELERATION - G)
GO TO 500 

485 AHOP - AY/2. -1.50
CALL LETTER (H5t 3«9 j« \ » A^CR »25H i 'AA, PSUEDO ASS, ACC. - G)

b 5 0 C 01\ T I N '^ ~f_ 
C
C GRID PLOTTING IS FINISHED 
C
C READ S-ECfRAL VALUES* COV.L^T AMD PLOT CURVES 
C

00 700 LOC-o=l» NCURVE
LTrPE = 2



IF (LOOP .EO. i) LTYPE: = O

X(I) = b . * T ( I } * 2 . 
Y(I) = 1.5 * Z(KTYPL)*SCALE: 

600 CONTIVJE
00 610 1=1*6 
J = 2 '> I <- 7

DO 620 1-7,181 
YP ( I ) = Y ( I * I 3) 

620 X?(Ti = X(I*13)

CiLL PLO 
S? STCP

END


