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IHTRODUCTION
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 scmetimes become

desirabie and additional computer processing would be required. This

report describes computer programs for this purpose.

The first computer procram described integrates a given accelera-
tion time history into velocity and displacement time histories and plots
them at appropriate scales.. It nas an option of low-pass digital filter-
ing to mask off nigh frequency components before the integration is per-
formed. The second program computes the response spectra of a given
acceleration record and tne third program plots fesponse spectra in

Tinear scales.

A1l programs were deveioped in conjunctien with the ground motion
research studies underway witnin the U. S. Geolcagical Survey. They are
coded in FORTRA! 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-
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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 instructicon for the plotter. The four subroutines are

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

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

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

= vt (l—a)At-at toasAtrag, .

Virat

2.4 2.4

u =y + 3-At

Leint *oteve + (0.5-3)at

t t t+at

in which, u,v,a are respectively displacement, velocity, and acceleration;
o, 8 are integration coefficients; and t, At are time and time increment.
In this program, o and 8 are set at 1/2 and 1/4 respectively, a's are given

in g (gravitaticnal acceleration) and :t, the time increment is constant.

Low-pass filtering may be desirable when certain high frequency com-
pcnents are out of the rance 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 Jovner, 1974;.
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Subroutines on digital filtering were modified from those by Eicher (1970,
personal communication). Further details can also be found in Linnett

(1c61).

This program provides two choices of zero-phase-shift, low-pass
filters whose characteristics are shown in Figure 1. The difference
between ihese 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.1 Format(18A4). Title card; columns 1-72 of this
card are used for identification purpose.

Card ho.2 Format(F12.0,616).
Co1.1-12  Time increment (4t) of the input acceleration.

Col1.13-18 Humber of data points on the input acceleration
record (KDATA).
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Col.
Col.2

Humber of data points to be integrated (KLIMIT).

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

C01.31-36 An index (KFLTR) that specifies whether low-pass
filtering should be performed; if KFLTR#O,
filtering will be performed.

Co1.37-42 The filter number (NOFLTR) specified for use;

NOFLTR=47, or 56, see Figure 1.

An index (KARITE) that, if different from O,

instructs the cormcuter to reniace the inzut
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(Based on Linnet, 1961)
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The output of this program is mostly in graphical form. The print-
out porticn 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. Otherwise, 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 packace "MENLOPLOT". The time
histcries for the displacement, velocity, and acceleration component of
the input or filtered record are plotted in succession with appropriate
scales determined automatically in the proéram. Appropriate headings and
captions are also given along with the plot for easy identification.
I[Tlustrations 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: "RESPCNSE SPECTRUM COMPUTATION"

The brogram, "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-

s the spectral intensity; while

(¢

cesses the input & output, and calculat
the subroutine CMPMAX cemputes the maximum spectral values and records

the times at whicn these maxima 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
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record is givan in terms o the gravitaticnal acceleraticn. Such rec



previously described. This program ccmputes 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

(14,F8.3,5F12.5,F8.2)"

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

data carcs.

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
cutput 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 accelerzticn record on tape or disk, two

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



Card No.1 Format(F6.0,516)

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

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

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

Cols. 24  The values for the indicies K1, 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. K1 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 specities the difference in index between
adjacent damping ratio values that are chosen for computaticn. For
example, K1=1, K2=5 and K3=2 would imply that damping ratios cf 0.0,
0.02 and-O.lo have been chcsen . On the other hand, if only damping
ﬁatio of 0.05 is chosen, then K1=4, K2=5 and K3=2 or larger. Finally,
if all damping ratios are required for computation, then, K1=1, K2=6

and K3=1.



PROGRAM: "LINEAR RESPQONSE SPECTRUM PLOTY

This program, “LINEAR RESPOLSE SPECTRUM PLOT", was prepared to plot
response spactra 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 SPZCTRUM COMPUTATION", as its main source
of input. Tnhe progrzm first genarates instructions to the plotter to plot
the grid and the heading; it then orocesses the spectral values of a spe-
cified component (for example, relative velocity), cenerates 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 flexidle while the size of an unit grid stays fixed at
one inch squared. A typical plot is reproduced in Figure 2 which, along
with som2 added haend-written descriptions, nopefully will make statements

in this section of the report easier to comprehend.

In order to get a better definition in the higher freguency range
and to have enough details in casz the response spectrum is plotted in
Togarithimic scale(s), it was necessary to maintain smaller pericd inter-

of Tinear plots, such

[4}]

vals 2t the short-pericd end. Hewsvar, in the cas
consideration leads to unnecessary crowding of data points for small
pericu values. It was thus decided nct to plot every data point that is
provided by the previous program. Instead, this program ignores the

first 8 daza points and starts plotting the spectrum at the period of 2.05

~ 3 - nam al fas s A 3t : Ao, L
Secshl, 1T tnen swnips every otner date point, if neeced, to maintain a
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Tne maximun number of curves thzt cen be pictted on one single plot

1%

D

by this program is 4. These curves can be identified by pre-designated
symsols in the order of how these spectra are processed: the first curve

will be piotted in a simple trace wi*h 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 displacerment

respense spectra cen 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.1 and a No. 3 pen.

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

Card No. 1 Format(11A2). Title card; columns 1-44 of this
- card are used to identify the piot. See tne side
plot in Figure 2.

Card No.2&3 Format(16A4). FNOTEl & 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(516)

Col.6 An index (KTYPE) that determines which ccmponent
of the spectral values is to be plotted. If
KTYPE=1; piot maximum relative displacement.

2; plot maximum reiative velocity.

3y raxinum psu2Zo relative velocity.

4, maximum absolute acceleration.

5; maximum psuedn 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 divisicns (LY) in the y-direction
(consider period axis as the x-direction). LY should
not exceed 8 if 10" plotter is used.
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.1-36

L1-12

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

An index (KUNIT) that specifies the units in which
the p?ot is to bs made, If KUNIT#0, displacerment
and veiccity sgectrum Dlots viill be made in ft. or
ft/sec. QOtherwise, they will be in ¢m or cm/sec.

Format(9A4)

Each successi
numbers (AMP(
bottem cne (AF
any of the 4-c
shown in Figur

e 4 umns list the ordinate scale
7,1=1,9). The sequence is from the
2(1)=0) to the top (AMP(LY+1)) and
olu
e 2.

Y
I
[
i

col
1,9
=0)
mn entry can be left blank as

Format{F12.5). SCALE

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)/AMP(I) .

Format{4x,F8.3,5F12.5).

These cards contain information on the spectral
values of various components at a particular
pericd. They should be exactly the output frcm
the program "RESPONSE SPECTRUM COMPUTATION" in
its original seguential cider. There should be
a set of 194 of these cards for each spectrum to
be plotted.



To illustrate the use of these programs, a sample problem was pre-
carei. Tne preblient censiders Cal Tech's artificial earthquake accelero-
gram C-1 (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 appiication.

In order to test the opticn of low-pass filtering, the C-1 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" witn addi-
tional instructions that filter No.56 be chosen and that the filtered
record replace the original record to occupy the seme 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 va]ues of 0.02 and 0.10 were subsequentiy
computed and plotted by using programs "RESPONSE SPECTRUM COMPUTATIOW"
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 COMPUTATICN"
bear very littie practical significance other than that they are given

merely for illustrative purposes.

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

(e

nis

lericn -

ct

units and that relative velocity response plots be made for

straticn. Accordingly, the foilowing input deta cards wers used

-t
e}
3



Le 0 0 0 0 0
* ¥ * Yoo % Yoo % R S S O S
(r-» "ILNTIGRATEZ 25D ZLOT")
oIT SIMULIATED ED C-1 W/ TINT SCALT REZDUCED BY 10, & W/ FILTER NO.56
0.0025 $81 481 9 9 56 9
{for "RZST CTELL COMBUTATION!

) 3 5 2
C-1 W/ TINE SCALE EEDUCED BY 10, & W/ FILTER NO.&6

/ —— — 0 = Al
(For “LINEZAR RESFCNSEZ SPECTRUM PLOT")

SAMPLE PROBLEN -~ LIN.RESFONSZ SPECTRUM PLOT
FIDTERED ARTIFICIAL E'AfEThQUA"” C-1 WITH TIME SCALE REDUCED
2 PERCENT DAMPING (--) VS. 10 PERCENT DAMPING(**). A. CHEW, 3/

2 2 8 2
0 0.6 1.2 1.8 2.4
3.33333
* Aoou* ool ¥ + G SIS PoacFooo * A

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

included as input to "LINEAR RESPONSE SPECTRUM PLOT".

Plots tnat were made by these programs together with their print-
out output were reproduced and are presented next. To save space, however,
resporise values for damping=0.10 are omitted. It should be noted aisoc that

there is no print-out output for "LINEAR RESPONSZ SPECTRUM PLOT".



(Sa'mp‘le output from "INTEGRATE AND PLOT")

L. - -w_ U ATED EQ Ce1 w/ TIME SCALE PECUCED 2Y 10e & W/ FILTER NO,S6
. 1120 8y Trz LUN=CASS CIGITAL FILTER WITH TrE PARAMITERS, F(CUT=CFF) = 0,050G00
L H = 0,05000

NO, OF WEIGHTS = 20 WHICH ARE

. 333iE=91 1.8527TE=01  1.4S45F=0) 9,258RE-02 4,0061€£-02 =-2,9270t-05 «2,198SF =02 =2,A56GE-02 -1.,9714E£=-C02 ~3,9153F-23
_:: v =05 601233803 4,193-£-03 2.2870E-03 5.16458-04 -5,9323£-05 3,0175E£-04 9.C1B8RE~-04 1.0483E-03 6407S1E-.4
L3126=35

S.5e5 FOR NCRMALIZED FRELUENCIES FRCM 0,001 TO 0,053 IN STEFS CF §.601
0.55uQ3F 00 0.Q39G81E 60 0.,G95H2F 20 0.G5964E 00
0.G6322E 00 0499195 GO 049S8ATE 20 0495335E 0O
0.99771E 00 04397358 € 0.99707E 50 0,99676E 00
0495523E 00 0.39401E CO 0.96583E 0 04956T71E 00
0499542E 00 0.99544E 09 0.99S77€ J0 0.G63593E 00
0499508 00 0.83633< 09 0.95732E 00 0.99781E 00

0.99945E 00
0.99804E 00
0.9954BE 00
0.99563E 00
0.99619E 00
0.99836E 00

0.99855£ 0C 04399557 00 0.10002E 21 0,10009E 01} 0,10016E ol

0.13023E 01 0.300252 N 0,1002¢ 0.10041€ 01} 0410065 ¢l

0,10050€ 01l 0.10033F 0} 0.,102% 0.10056E €1 0.10055€ ol

0410052E 01 04100472 01 041063 0.10030E 01 0.1001RE ol
R GP5NSES FOR NOSYALIZED FREQUFNCIES FROM 2,052 TO 0.100 IN STERPS OF 0,002

0,97209E 00
0.90332€ 00
0.75485E 00
0465552E a0
0.50067E 00

0.90052€ 00
0.92041€ 00
0.81G37E 0O
0.60555E 30
0.53232E 00

0,99404E 00
0945552 00
0.3564347 03
0.762228 02
0.554652 00

0.98R21E 00
0,933848 60
0.R4257E 09
0471e32€ GO
0.5633CE 00

0.938528 Q0
04961658 00
0,834628 00
0e76310E 00
0.562575£ 00

£15PONSES FOR NORMALTIZED FREQUENCIES FROM ¢,105 70 0,200 IN STEPS OF 0,005
0.421A5E 00 0e¢440?8 Q0 0.27123F 00 0.2C608BE 00 0.14698E 00
0495485E-01 0486520E=G1 0.28195E~01 0e3763SE=02 ~0¢29761E-n3
=0.,40717€=02 -0.33329€~02 ~0.1708%F~C2 0.62281€E-03 0,21232€~-02
0.28164E~02 0«16761E-02 0.405856~03 -0+.81080£~-03 =0s15244E=02
R{SPONSES FOR NORYALIZED FRECUENCIES FRCM 0,210 TC 9.500 IN STERPS OF 0,010
=J.97793E-23 0.70351€-03 0.11253E~02 0.37311€-05 ~0+92643E~03
=3450241E-3] 0452257E-0C3 0472355223 =04552564E£-064 =0.67514E=n3

=0422955£-33
=0.24301E~33
~0415055E-043
~0415575€-03

0.4256555=03
0437700£-03
0.35471E-02
0¢35149E-03

0.3545+5~2

0.36448E~03

~0,784935=06
~0eGu355E~20
“0.,111047-03
=041302+E-03

~0,5%9G7E-93
-0,483338-03
0 ,449365=-03
~0,43837E-03

.-

IRE FILTERED RECCROT TRANSFORMED INPUT POINTS FRCHM NO, 21 TO NGO, 461 IN STEPS OF 11

KAS A TOTaAL LENGTH OF 44l POINTSY -

ANO A TIME INTERVAL OF 0.2500E-02»
WITH THE MINIMUM OF =4,6813E-02

LAND THE MaXIMUM OF  5,54378-02%

IT HAS REPLACED The QRIGIMAL RECORD ON THE DISK,

NTEGRATION OF ACCELERATION RECNRD 453 PLOTS CF DISPLACEENT, VELCCITY AND ACCELERATION

SCALE RESUCED BY 10 & w7/ FILTER NO.S6

CIT SIMULATED EQ C=1 «/ TivE

MXTHUS v uES

cus

FOR DIS2LLCFuENT 0,71
FOR Jet2CtiTy Q.57CM/8%C
! ! FGR aCrslLfati0y 0076 T
ERTICal ScaLES USEDY 1 INCH « 0,91 CM, FOR OISPLECZEVENT

0430 CH/SEZ FLA VELZCITY
0,63 G, FCI ACCELE~ATICN
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ce «
ce PROGRAM: PINTEGRATE AND PLOT? @
ra -
ce By: A, CT=INy TNGINETTING GFLLOGYs MEALD PATXy CAe 4/73 @
ce REVISED:D 8/79 T READ THAUT AICILIRATION FRCM DISK:S <
ce TO INC_UDE LOW=PASS FILTERING OPTIONG @
ce 3/76y FOR FINAL DOCUMENTATION, @
ce o
CQQé{*##ébéi‘aééaéa#i‘@éaoﬁeQQ#&Q#GC‘Q“Q(}&Q&QQ&QO&Gééoao#o&&éédéﬁ#oaﬁ##éﬁﬁbo
C

C

DIMENSICN ULBOI193) 4 X(80C1)9Y {8021 TITLE(LIR) 9YSIALE(3) 4 ZHAX{3)
REAL®8 DT

2 FORMAT (1844)

3 FORMAT(tIINTEGRATION OF ACCELERATIGCN RECORD AND PLOTS OF DISPLACEM

1ENT V"LOCY;Y AND ACCELERATIONT//11X918A47)

4 FORMAT({F12,0+1016)

7 rOQVAT('“”AXIV j - VA'-ES'//I Le'70R DISPLACEMENT 1P 5,2+ INCHESY/
116Xy tFOR VELOCITY 1F 6, Zv’IN/SEC'/lo(s'FOQ ACCELERATICNT1FH. 2
2¢ G.'//)

8 FORMAT{tOMAXIMUM VALUES'//16X:'FOR DISPLACEMENT ! +F6.24¢ CMSt/
116X, tFOR VELOCITY 13 F6,29YCM/SECY /16X 'FOR ACCELERATION! sF 5,20
2t Got//) :

9 FORMAT (*OVERTICAL SCALES USEDs 1 INCH =1+F7.2+¢ IN. FOR DISPLACEM
1ENT /32X, 57,20t IN/SEC FOR VELDCITY!/32X9F 7.2+t G, FOR ACCELERATIO
2/ s)

10 FORMAT('QVERTICAL SCALES USEDS 1 INCH =14F7,2st (M, FOR DISPLACEZH
JENTI/32KsF 7429t CM/SEC FOR VELOCITY!/32XsF 7429 Go FOR ACCELERATIO
2Nt/ /)

C
C
- RE#IND 2
READ(Sy2) TITLE
é READ(S44) OTsKOATASKLIMITKTYPEWKFLTRyNOFLTRsKARITE
C IF KTYPE IS NOT ZERQs RESULTS WILL RE GIVEN IN METRIC UNITS,
c IF KFLTR IS NOT ZERQOy LOW-PASS FILTERING WILL BE PERFORMED®
C IF KWRITE IS NOT ZEROs FILTERED RECORD wILL REPLACE UNFILTERED
C INPUT RECORD RESIDING ON THE DISKe
C
READ (2) (X{(I)sI=1+XDATA}
REWIND 2
C
IF(KFLTR .22, 0) GO TO 15
CALL (LOWPASIKDATASAs YW NCFLTERD Ty TITLE W KWRITE)

15 CONTINUE
WRITE(G6+3) TITLE
XX= 9514454
IF(KTYPE €0, 0) XX=38&.4
<00 29 I=1.X2aATA
20 U(I+3) = XX*X(I)



51
-52

53
54

55

56
57

i

IF(KLIMIT ,GE,., KDATA) KLIMIT=XDATA-1

ALPHA = 0.25
§ZTA = 0,5
BZval = 1,
ALPH22 =
ZMAaX (1)
ZMAX (2)
ZMAX (3]
TIME = 0
Ule2) =

i

o

2HKUIMIT

D72 = ©
DO S50 1
U{l.2)

DO 40 J=143

IF(ABSIUCTyJ))Y oGT,. ZMaAX{Jd))
CONTINUE

CONTINUE

ZMAX(3) = ZHMAX(3) /XX
IF(KTYPE JNE. 0) GO TO 150
WRITE(He7) (ZMAX(I)eI=193)
GO T0 2590

WRITE(A18) (ZMAX{I)»I=1¢3)
CONT INUE

FIND Y SCaLES
DO 57 J=1+3
ZHALF =ZHAX(J) /2,
IF(ZMAL(IY=1.) 51553953
FAC=10.
ZTEST=FACRZHALR
IF(ZTEST ,GE. 1.) GO TO 55
FAC = FAC®10.
GO TO 52

FaC=1,

ZTEST=FACeZHALF
IF(ZTEST +LT. 10.) GO TO S5
FAC = 0D41#FaC

GO TO 54
ZTEST = Z2TEST + 0,5001
YSCALE(J) = FAC/AINT(ZTEST)

IF{ZHALF JLT. 0.8 GO 1O S6
IF{ZHALF 6T, 1.8) GC 7O 56
ZTEST = 1C./ZwACF

YSCALF (J) = 0,18 INT (27237}
CONTINUE

CONTINLE

YSCALE(3) =YSTALE(31 /XX

FIsp XSChLE

T PLEKLIMIT/203,

XSCALE=D.0!

U(I=-192) «(BETAL#U(I=1+3)+8ETA®U(L3}14DT
UCIel)=U(T=141)2U(I=142)%DT ¢ (ALPHA29U(I=193)+ALPHA®U(I+3))%DT2

ABS(UI(T+d))



59

60

70

75

80

82

IF{(PL +GE, 12.)
CK = KLIMITeXSCALE

KC = 1 ¢ IFIX(CK)
Cro = FLOAVIKC)

A = 2,2

YO = 5.0

Calll PLCT{04904+3}
CALL PLOT(0,904142)
CALL PLOT(0,9C04e3)
DO 95 JU=1.3
DO 69 I=1,«L 1!
X{I)1=xd « XSC Luéi
Y{(I} = YO +

CONT INUE

Xl = X0 + 0,2

Catl PLOT{X143.+2)
CaAll. PLOT(X0s2492}
CALL PLOT({X0s74322)
CALL PLOT(X1+7402)
Call PLOT (X1 45,53)
CalL PLOT(X0e5¢12)
DO 70 I=1.<KLIMIT
calLL PLOT
CONT INUE
= X0 + 0.3

X2 = X + CX

Call PLOT(X2+S54931}

Call PLOT(X14+5e92!
CaLll PLOT(X195.93)
XSTaR = X0

YSTAR = 7,0

DO 75 I=1.XC

XSTAR = XSTAR + 1.
CALL LETTER{(19210+X5
CONTINUE

YSTAR = 3.0

XSTAR = XSTAR + 1,
DO 80 I=1+KC

XSTAR = XSTAR =~ 1,

(X(I)VsY(I}r2)

XSCALE=0.005

Ry YSTARy 1H®)

CALL LETTER(192+09XSTARIYSTARy1H®)

CONT INUE

IF(J ,EQ, 3) YSCaLE(J) XX®YSCALE (J)
HSCALE=DT/XSCaLE
VS»M'E:!/YSCALE(J)

ALL LETTEZR(T72¢2400 1 SeTITLE)D
CaLt DR S I PR 1 IN.G = 143498)
cLt L RIS 349 3557 L2amSTALT 0 2}
Calll SYMAD_ASCS,15575 12y S2C,
Calll, SYM30L(835,:10953 12001 IN,
CALL NUMZER(GST,H»353 17'VSLALF930'7)
-60 TO 67 249830
IF(KTYPE ONE, 9) GO TO 83

lb)

~

(Hup"QwsAL)?



85
86

8S

100

110
120

’

CaLL SYMBOL (995.,1953,.10.129¢
GO TC 99

CAall SYMAOULI533,4995,+0,129°
GG T3 99
IF{KTY?S NZ. 0) G370

CALL SYMBOL (99944399, +0
GO 70 S0

CalLL SY&ROL(9§9"999010012’,
GO T0 G0

Call SYMITLIGI3,4853,00,.,1297
CALL SYPZECL_(5739,4552,224 120!
X = X0 » 5., ¢+ cx

CALL PLOT(X2yCe 293G}

DO 100 I=1.3
YSCaLE(D) =

CanT inle

1./Y5CaLELTY

FAIKTYRE (N2 0) GO 7D 110
WRITE{653) (Y3CALZI)isI=1y3?
GO TO 122

WRITE(6510) {YSCALE(I)21=1,+3)
CONTINUE

SToP

END

INJOF DISPLACEMENT140,419)

CM OF DISPLACEMENT 30,418}

IN/SEC OF VELOCITY'1+2.9018]

CM/SEC OF

VELOCITY190.419)
6 OF ACCELERATION®,0.+18)
[VEZTICSL) t904911)



C6

LInemas
3771y A0
8/75 REV

W2ITE(6415)
HRITE(5118)
Cat L
WRITZ (6417}

FRS2 (0,

ARTED FRONM PRUCHLIY 2G3
ISED FOR USz AS A Su3R

(YOUT (L) s=1230)
0524 1904222925¢40:%2 10

LTRIDELXTHTITLE »KWRITE)
-4
ATTILESATION RECORDS 2
fe)
3 27 ANTREASCON & EICREIR @
UTINE OF VINTEGRATE AND PLOT! @
&

TeR1eYOUT)

RL#?&”
DIMeNSIT OI) A TITLELLA) o4 IGT {300 »FILT (301

12 FORMAT BY THE LOW=PASS DIGITAL FILTER WITH ThE
1 PARAME FR,5/70Xs3HA =+F3,5/58X+'N0O, OF wEIGHTS
2 =V liy

14 Fomvayy P

13 FoO=MATI(S S0NEES T QPvar 1720 FREQUINCIZS FROM 04251 TOs
® ZLH 0.0535 IN STZSS OF 040010

16 FUORMAT(SE13.5)

17 FORMAT (S1HORESPONSES FOR NORMALIZED FREGQUENCIES FROM 0,052 70
® 244 0,100 IN STERS OF 0.0C2)

18 FGRMAT(SIHORESPAONSES FOR NORMALIZED FREQUENCIES FROM 0,105 TOs
® 24K $.272 IN S(EDS CF 9, 005

19 rOQ“‘TfE. o= S FCR T0»
254 94% 1S SIS l,)

22 FOAMAT(1H2/53k i ~ECORD TR S ' INE TS FRCw
INCasIsst TO NO, taldyt Iq STERS OF 131231 //22X5tHAS A TOTA LENOT
2 OF VY IS+ POINTSt1//22X4tAND A TIME INTERVAL OF 9210440t st //22XK,
3twITH THE MINIMUM OF 13 IPELY Lyt eV //23X 02NN THRE MAXIMUM OF 1V,
G1PEIY 4wV / /)

23 FORIAT(22X5+ 1T HAS KO7 REFLACED THZT SRIGINZL RICORD ON THE 0OI3<.")

- 24 FORMA T(Z’Ao'{T HAS RIPLACED THE ORIGINAL RZCORD ON THZ UISK. )
11 =1
12 = NY
CUT = 0.05
Nl = 70
H = 0,01
IF (NOFLTR ,GT. S0) H=0,05
DO 25 L=14M1

25 WEIGT (L) = 0.2
W0 = 0.7
Calll CH -~ (CuTada 18]
WRITE (6412 TITLFE,y Cut
WRITE(S 16 W’)!(nLAGT
CALL FRSP{G«001s140.



WRITZ (A416) (YOUT(L}eL=1s25%)

CALL FRSP 2,102+ 190,00%+229 =09 =TI0TeNLaYCOUT)
FRITC IS

WE LT Ay LRy Y DoT At e 250

CALL FRSPID,2139 10,0 930 »mlvaSin Nl

WRITE (619

WRITE(H916) (YOUT(L)sL=1s30)

IDEL = 1

IELTL, LT INY+1Y) DIl=tNiel

}F(:EaLE':z !3':; :? o’:‘Te (‘,‘{«";13}12:‘,\/0"
IF{IzZ, Tl G2 T3 5S¢

NYSUT=(IZ2=-I1)Y/122C » 1

I2 = 11 ¢ (NYOUT=1)®IDEL

CAblL WTOY(YINGYOSUT w245 .67 NIsIlel2¢IDELeYMINSYHAX)
IFI0TXT L 7.0 28 (T=1,.72

DrlXx = DE _LA7#+7_CiTV{[2c)

WRITEI 6,22y Tl 124 IDZL e NYZUTs DILAy

NY = NYCUT

00 30 L=1N

< -
o
C <

YIN(L)Y =
CONT INUE

T(L)

WRITE (6423)

IF (KWRITE JEQ. 0)

IF(KHRITE JNEW 0) WRITE(6426)
IF(Xu2I72 20, ¢} GO TC 390
WRITZ 020 (YInilialzlyaY)



OO

11

12
13

10
20

30
S99

SUBRCUTING CHMEWICUT o Ry NaFILT e wTIGT 490}

SIS 23 PR Y P4 LN PN IOA DA TEITASERT ST II A4 EINIRI DI TEEIAISLISTIEE I
DImMENs: 3010 «wTIGT (300
Ka=N+]
SUMHC==+CUT
FILT(KA)=SUMHC+SUMHC
SUHM=3,9
Il’ (K2 LT 2) G5 7o 24
CIN=2,0

ONTRM=3,1618372
RJK 6 2b318c @ H
53

)
S8
1
CP=CPCr#CPonl ~SPLH4SPoM]
SPCH=SFCH®CP IR +CCLA25RCH])
CrCHri=Z2
1S }_

FAClI=1.0~ FHD

IF (ABS(FAC1)=0,0001) 11e¢12+12
QFAC=0,78536816

GO 10 13
QFAC=CPH/(FACI®= (], 0+FHP))
DEN=DEN+DNTRM
FILT{IY=CYAC2(SPCH/DEN]
SUM=SUM«FILT(I)

DELTA=1 0= (FILT(KA)+SU~eSUM)
TERM=DELTA/FLOAT (MN+Ne+))
WO=FILT(KA)+TERM» 40

IF (N LT, 1) GO T0O ¢©3

L B

#EIGT(I) «FILT (I} +TERY

"o



O

30

A
e

49

RO« [130RINRe WOy Wy NWYOUT

6~

—
J
1
i

DO 4

.
£ e GO TO 34
I o PR EN -~
=IO REEa
SR= SR sIx
V:_,‘\

DO 30 J=)N¥

CKR=PLKe(CR=-PSK®SR
SUM=SUM e (J) ¥CKR
PSX=PS *L{+PCK#SR

PIx=IXR

CuUNT I
RE TURM
END

Q‘Jék‘Qé'\‘Qé-}O‘}QGQL‘QQéQGGQGOQt}QQQQGéGQG'}QéG‘#Q@QQGGOQé
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SUBROUTINE WTDY (YINSYOUT s WOsWaNW» 19 I20TJaYMINsYMLX)

Cﬁ&@{}s‘}é«}b&\'}b'}Q‘}\}&-}é@Q#eOQQQQG'.}Q§§Q&G{?\-‘-‘1C‘QOQQG-}'§Gi*-}'éi‘%@&‘-ﬁ«}\?ﬂQQ\}QQQ\?GGGGQ

~

~

20
25

y YTUT{

(%57

FUREN o
Jolre WA

{393}

v

YMIN 1e 0538
D0 39 I=Il'I 'y [J
SUM=YIN( I)d

IF (N4 WLT ;) GO TO 25

Do 29 J:E.w
IPJ=1+
IMJ=T- J

SUM=SUM« (YIN(IMJ) +YIN(IPJY) #W (J)
KazXel

I!’; (QL.:M '(\Yc \(’V’\“(} Y“‘.‘AX::"“"‘

IF {(Sum .IT. YMINY YR ihzouoM
YOUT (K, =5

RETURN

END
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Ca L - 3
ce PROCRAMS YRISZONST SPICTRUM COMPUTATIONY @
e~ @
C+ . @
ce Ae CHEMNy ENIINIERING GEOLCGYs MEWLD PASX,y CaA, &
ce S
ce 4/69y ADAPTLD FRIOM THE PROGRAM WRITTEN BY IDRISS. A
ce 5/73s REVISED TO EXTEND PERIOD RANGE & TO INCLUDE MEZTRIC UNITS#®
ce B8/75 REVISED 7O wREA ! ERATION FROM DISK, @
C# 3/78 SR JISET OFOR HENTATION, bt
C‘D-)G-}‘-‘f--‘«3-’%)1}‘3’:--}J:-wu‘-i'va‘z:"}o_(-:(-*l"i.\‘)Q-.}'?'7%1'-‘:”:"!\‘.‘-’}ft\@".‘t{‘-ea’.?'}\}@\'ﬁu‘i}':’) Loiv - I R R o R R R
C
Cc DIMENSION AND 0aTA STATEHENTS
DIMENSION A(BDOS)y T(200) e ZLD(H) sy PRVIZ200D) s PAAIZ200)y RV(200)
1 AA(Z230)y RIO(230)s NM(S)y Dw{&4)s TITLE(]18)
C
DATA NM/18:14383425,11/
DataA Dw/J.:3503-01'3’1'0o7/
DATA ZLD/Ce9040190¢02492.05¢0,10s042/
REAL#3 DT
(o
C FORMAT STATEMENTS
C
2 FO=MAT (RN
12 FO@MATiFs, 10180 .
112 FOUSMAT(IHL$SXa T IMI AT WHICH MaX, SPICTRLL VALUES OCOURt/
1 10X»170 = TINE FOS MaX, RELATIVE DISP.t1/
2 10XetTV = TIMZ FOR MaXx, RELATIVE VEL, '/
3 10X9tTA = TIME FOR MaAK, ABSOLUTE ACC,t'/

4 SAy 1DAMPING HATIO =rv.F3.2//)

312 FORMAT (IR WSAWISErCTRAL VALURS-=1 /] XcIRAA»SXv'DAMPING RATIC =19
] FSL2/7/5Xs3-N04 ehXeAHPERICUISA10r-REC, DISP 1HX e FRPE0L. VEL, 213X,

- 2 12HPSUREL JVEL.eB8XyGr2RS, ACC.s3X4124HPSULABS L ACC,)

313 FOHMAT!13XvSH(SEC)leXvSH(FT.)vBXfBH(FT/SEC)o6X;5H(FT/5EC)v@Xa
1 SH{U G 1+10XsSH( G }/)

322 FORMAT(IB«F10.345F15,.,5)

323 FORMAT (144FB8.3s5F12.5¢F8,2)

324 FORMAT(I3X9SHISEC) 310X 9»SH{CM,) 18X 93H(CM/SEC) 16Xy BRH(CM/SEC) 14Xy
112H(CM/SEC/SECY 2R 12H(CH/SEC/SEC) /)

362 FORVAT(//10XetSPECTRAL INTENSITIES FOR DAMPING RATIO =14F5.2/
1] 22X+1BASED ON REL. VEL.s SI=t1,F8.3/
2 1SX»1HBASED ON PSUEDT REL, VEL.s SI =t,4F8,3)

PUNCH CARD QUTRUT WCULD ALWAYS 3% HBRITISH UNIT SYSTEM,

eNeNe]

REWIND 2

KCGJIUT = 9

READ(S112) DT yNOFDTAWKGs X1 1K21K3
AFAC=32.2

READ(S42) TITLE

READ (2) (A(IV+I=14nNCFOTAY



DO «2y

All) =4
400 CONTINUE

KUG = KG-1

— e
]t
4or

D = ZUD: )

WRITe (6431127 D

N =1

YYo= SO-T(1,=0%D)
D‘: 3\«} x.::Q-‘%

I R

00 2450 LOG2 = 1, M
W = 6,2831853/T(N)
10 YY®@u

W2 = WoW
W3 =

C&QG‘}QQ\'}"#-}-}’;")Q'}-}{}{S\}’Z TUSNBN LN FE ORI LCR IO RIORSNGEIISDILRSLIORRETIOEILE LD

At ~ i v I ol « AP EYE} W i) - oy ~ 7 1 =z Az
ALL C¥PvaX {KUG Ay T M pd 1200300 0a 02T 220 2V 220
R R L L L L b I e R R LA IR A

AA (M}
RV (N}
RD (1)
PRY () = wWeZD
PAA(N) g
T{N+1)
200 N = N + |
300 CONTINUE
M o= N=-}
WRITE {6+4312) TITLEs O
WRITE (6+313)
DO 320 N = 1¢ M
WRITE (74223) NeT(IN)sRDINY sRVIN) ¢P3VIN) s AA(N) 1 PAAINY D

320 WRITE (62322) Ny T(N)s RD(N)y RY(N)y PRV{N)y AA(N}s PAA(N)

nounou
N 1
<

o

SPECTRAL INTENSITY CALCULATION

OO0

53 L=204145
Do (TiLy=T(L=-1Y) /2,
Sl + DDe(RVIL) ¢ RVL=1))
350 Se S2 e DD IPRYVILY + PHV(L~1)}

WRITE Ay } Dy Sls 52
IF(KCACuUT JE2, ¢ GO TO 789
CWRITZ (693220 TITLZHD

WRITE (K324

PO 8C0 N=1,

Ay $ o ;
ALAINI =T ST e (N

o PN S - s

e A SR S
a0 - -
27 - = Taa . 220 N, T o o~ . Do fo I .
20 ms T ce T2 Ny TNy =Sy RY Yy TR N e AA Yy PAA Y
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C

[oNe]

100

110

LI NI T T T AT
S\.h‘\-.)';\w CMEwAX

1A (KUGU33P2y 49 W20 430 A0

SRR TIIITILAIIPT LT LR TRNE TP T AL LI S 2 ATRR TR R

3 rT
DIMENSION UG(6C0S) s XD{2)s XVI2)y
20 = 0.
2V = 0.
Za = 0.
Xo{lr = 0,
XV(l) = 0.
Fl = 2.%D0/(wW3%20D7)
F2 = 1,742
F3 = D~u
Fo = 1./
FS = 73274
Fo = 2,97
E = ExP{({-F320T)
S = SIN{wD®DT)
C = COS{wD*DT)
Gl = £%5
G2 = g+C
Hi = &2%02 - P393
H2 = WO%3Z1 « F3%32
DO 100 R=1.XUG
Y = K=1
pus = UGIK+1) = UG(K)
21 = F2%2U5
22 = FZz=UGI(X)
23 = F1l=Cun
e = Z1/07
8 = XD(1) +« 22 -Z3
A = F4®XV({l) + FS59%8 » Fg#Z4
XD(Z) = A®Gl ¢ B9G22 « 23 =22 - Z1
Xy(2} = A®H] -~ E¢r2 - Z4
X1 = Xo(2}
XV (1) = xv{(2)
AA = «F&#XYV (1) = w2%XD(])
F o= ABS({(XD(1))
G = ARS(XVv (1))
H = ASS(24)
IF(F LE, 20} GJ TG 75
Ti{ly =Y
2D = F
[F(G JLE, 2VY G3 TG 83
T(2y = Y
Z\'l = G
IF{d ,LE. ZaY GO TO 100
T3 =Y
24 = M
CONTINUE
D0 110 L=1.3
T{LY = OT+T{L}
WRITE (64112 Py (TiLYsl=1a3)
ISR R - R= e B e SO S T3 ol
L N R A Tyt TL o=t

T(3}

m
ror

DT ¢ZD4Z2VZA)

&

&

PR
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C <«
ol EROZRIM NI I a3 RCSPNST SPITTRUM RPLOTY @
CC- 2
ce BY: A. CHESNe EAGINIERING GEJLOGYs MENLD PARXs CAr S/53 2
CQ i+
ce REVISEND?: 5/73 TO INCLUDE METRIC UNITSS &
ce 3/76 FGR FINAL DOCUMENTATICN, @
C\) <+
Cs};"}bﬁ’) P T TN S IR NS T 0 A I r RN AR TI SR LTRSS T RSN T LRSI A
C
C DIMENSISN QMDD FO5MAT STATIVENTS
C
DIMENSIUN AMP(18)y Z(S)y TL196)s X(196)y Y(196)y TITLE(1l)
i FuudTZ i {la)y T0NCTE2(145)Yy NUM{ATy XPL2T0) s YP(2001 s
2 ISY (=}
DATA NUWZ109 150 78313 1HF4 (90 /
D;’{?A 2515‘5/’7"37'7\2 '7L/
C
2 FORMAT (1216)
12 FORMAT (1BAL)
22 FORMAT (£F12.5)
32 FORMAT (4X47F2,3.5712.5)
G2 FORMAT (125Xt 2 8 NNuP=5, WRAONG DATAs CHECK VALUES OF KTYPEs» L
1X AND LY., RBETTZ2 LUCK NzaT TIvwg & & =y
C
READI(=y12) TITLE
REAC (S 12) FNOTIL
READ(S12) FNOTEZ
RELD {542} KTY2Zs LXs LYs NCURVE, KUNIT
FZaDisy12) (A2 1) 91=21,45)
READ (S922) SCALE
- NPOINT = NUM{LX) = 13

[eXeXe]

SAFEGUARD SYSTEM AGATNST MISPUNCHED DATA FOR KTYPEs LX AND LY

IF{KTYPE «GT, S} GO 10O 99
IF(LX 6T, 6) GO TO 99
IF(LY 6T, 8) GO TO 99
GO TO 300

99 CONTINUE
00 100 LOGP=143

WRITE (6142)
100 CONTINGE
5 T0 953

TION

pes

C TO WARY UP PLOTTING PIN = PART 1y INCLUDE USER'S TDENTIFIC
300 Cabtt PLUT (2.391492) )
Calil PLOT (la511442)
SCall PLOT (1,405,402}
Catl PLOT (2.3¢3..2)
Call PLOT (24391.12)



[oNeNe}

[eNe]

[eRe]

OO0O0

320

350

362

CALL LETTERI(64+42490492,20:14104FNQTER)

D ;

A =3

Cx A laTe 3
Cx (A AV 2!
Ce's

co LY

A Te®l

(oY S,y Ve 2
cr TAX s L2
co

CHANGE PEN TC PLOT HEADING
CALL p(_OT ‘OO’OQ"’J)

A7

TO «aFM UP PLOTTING PEN - PART 2y
Calis LT TARIAL:2:+9),5,1,3391.10,5007E1
Cro 0 LS TTERILL 330, .70, 05, 71TLE S

CALL PLOT (S411.94¢2)

CALL PLIT (SesAY42)

Calll PLOT (AXy4aYe2)

Caut. pPLIY AR ,542)

Calll, PLUT (5,4 1.5s20

A= 1,2

Call LETTER (19340394497 9A41H3)
1=9

[=1+1

B = 5, ¢« 1.2 =~ 0,26

C = 0,5*%1

Calll NUMBER{B4AIO.181Cy 04y +})
ATEST = LX+1~1

IFLATEST)Y 239243504345

AHCOR = L2346 + ax/2

Call, LETTER (2%43,

Ly=LY.2

PROGRAM PLOTS *

AXIHUM

INCLUDE EARTHQUAKE

L PERIOD
NS O OT
LATIVE D

-

NAME

SECONDS!

jon

Ha

KTYPE



OO0 OO

OOO0O0

Fal
N
<D

-~

i

¢

o

o)}

W

m
w1

(G2l

wn

<

o~

L»
O o

<

A= 4.9
IF{KOSIT T 2 G2 70 «532
GO TO (3824372937223 222,y <7722
AHUS = AY/Z2, =~ 2,13
CALL LETTER (321395018 ¢ AT 320404,
~ -
G I 4
15

(]
et L O

AR “ /20 - 2-22

Calll ZTTER {23333 5a 83820~ 32300 .
G 1¢ -89

—:."’3;" = AV/EQ - 2: : 3

CALL LETTER (324345062 A50R32544X,
GC 10 4¢0

ARCR = AY/2.-1.,95

Catl LE7TER (30923450 +A9AHORIZ0OHMAK,
GO TO L0

AnQE = av/2, =1,80

CAll Lo il s {29y 305l d7 020204,
Cont it

1F{KTYrD wife 3) SCALE=30,548%5CA0L%
GO 1O 55¢

CONT INCE

GO T (455¢4T739475404303455) « KT TPE
\ =08 = aY/2, -~ 2,113

CALL LETTER (32139900425~ 32mAK,
GO TC 5¢9

AROR A e = 2422

— <
m N

OV

CaLl LET (3393+30¢AsAHCRI334MAKX,
GO 7O S350

AHOR = AY/2. = 2.10

CALL LETTER (3293153024 AH0Ry32HMAX,
GU TU 35U0

AHOR = AY/2.~1.95

CaALL LETTER (30353930 9AvARORYIUNRMAX,
GQ TO 500
ARCR = AY/2.

-
RS Y = ~ It
TER (2292330 e Ve AD =3 Z22HYAR,

DO 700 LOZR=1, NCURVE

LTrPE = 2

oo X

b

<z

]

X -
“r

M I~ + (11 (N
m

-~

<.
O O3 Y e 1 b

> W

-

N
PO
St
~
’40)

TNy FY, L ogT

ABSCLUTE ACCELSRATION = G}

I~

-

RELATIVE

VELOCITY -

PSUEDO REL.

VEL.,

- F

FT./5EC,

T./SEC4)

ABSOLUTE ACCELERATION = G}

o
o
<

m

(]

a8}

)
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00
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