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Abstract

Fiveaccelerograms(15components)obtaineddur-

ingthemainshockoftheTabas,Iran,earthquakeof

16September1978Werecorrectedwithrespectto

digitizationerrorstoinvestigatethespectralfeatures.

Thefollowinginformationwassummarizedforeach

ofthe15components;(1)Accelerationtimehistory,

(2)Plotofabsoluteaccelerationresponsespectrum,

(3)Print-outofabsoluteacceleration,relativeveloc-

ityandrelativedisplacementresponsespectrum,(4)

SIvalue,and(5)Durationofstrongmotion.

Introduction

TheTabasearthquakeofSeptember16,19780f

magnitudeMs-7.7OccurredintheKhorassanProv-

inceofeastcentralIran.Theinstrumentalepicenter

isreportedat33.210N,57.350Ewithafocaldepth

33km byUSGS,andthecenterofseriousdamage

zonelocatedatabout40km northwestfrom the

aboveinstrumentalepicenter.

Themainshock,whichisthelargestonesofar

recordedinIran,destroyedover15,000housingunits

and30qanats***intheepicentralregionandcom-

pletelydemolishedtheOasisTownofTabas.Over

20,000peoplewerekilledandthousandswereinjured.

Largeandsmalllandslidesandrockfallsoccurredon

steepslopes.Thepowergenerator(weighingmore

than50tons)andthetankcontaining50,000litresof

dieselfuelatthetimeofearthquake,bothofthe

TabasPowerStation,wereshiftedeastwardbyabout

80cm and17cm,respectivelyl).Maximum intensity

oftheearthquakewasaround X(MM scale)in

*instituteofEngineerlngMechanics,AcademiaSinlCa,
China.

**InstituteoflndustralScience,UnlVerSltyOfTokkyo
…Aseriesofsubterraneanwellsusedforirrlgationspe-

ciallyindesertarea.

Tabasandtheregionwithina20km radiusfrom

Tabas,andintheareanearafreshfaultwhichwas

assoiatedwiththeevent(Fig.1).

Thestrongmotioninstrumentationnetworkinthe

regionwithina300kmradiusfromTabasconsisted

of20strongmotionrecordingstationswherewere

installed20SMAlaccelerographsandoneseismos-

cope.Severalvaluablerecordswereobtainedat9

stationsofthenetwork,includingTabasstation

wheretheintensitywasashighasX (MMIscale)

duringthemainshock.Althoughtheoriginaltime

historiesandtheuncorrecteddigitizeddatawere

publishedbyA.A.MoinfarandH.Adibnazari2)in

1982,theyhavenotbeenanalyzedindetailsofarto

theauthers'knowledge.

Theaccelerationresponsespectra,spectruminten-

sitiesSIanddurationsofthe15components,allwith

maximumaccelerationsmorethan20gal,wereanal-

yzed, Thispaperbrieflysummarizestheresults

emphasisonthetwostrongestrecords.

1)ataProcessing

Figure1showsthelocationsofthestationswhere

the5accelerogramswererecorded.Thedistancesof

thestationsfromTabasarelistedinTable1.The

accelerogramsweredigitizedbySMACreaderSM-3

digitizerwithtimeinteⅣalsofO･02seconds2). The

meanofthedigitizedaccelerationswerecalculated

andthelinepassingthroughthemeanvaluepoints

wassimplyassumedasthetentativezeroaxis.

Afterplottingthetimehistoriesuslngtheuncor-

recteddigitaldata,itwasfoundthattherewerea

numberofproblemsintheoriginaldata.Digitization

ofsomeaccelerogramswereapparentlyaccomplished

bydevidingonerecordintoseveralsections,but

successivesectionsweresobadlyconnectedthatthe

waveformswereextremelydistorted.Somewavefor-
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! ! Distance I Maximum Duration of

I

51 Value

i '0. Station i Component I from Tabas Acceleration Strong ;Vlotion
km I gal sec em/sec

N 16 IV I

I

915.39 13.57

I

76.98I
1 Tabas U-D I 0 731. 33 11. 85 33.12

S 74 E I 862.92 11.16 87.18

NIHV
I I

I

I I 83.04 9.84 14.95
2 Boshrooyeh U-D I 60

I

76.53 10.57 8.43
I N70E I 102.78 I 9.80 13.84I

i I
1\ 10E I

I II

I

391. 53 7.47 31. 00

I
3 IDayhook

I
U-D 75 184.62 8.21 11.78
N 80 IV I 363.44 7.34 I 23.36

~28
!

I ,
I I

I I Ferdows I
1\ 70 E 104.15 16.64 6.25

4 U-D

I

52.76 19.79 4.58 I

I I
i S 20 E I 95.91 14.66 I 5.23 I

I I I HOl'iz. 1 I I
65.88 11. 49

I II
3.71

5 Bajestan LJ-D 160 23.79 I 15.51 2.02
Horiz. 2 87.8e 13. 00

Bajestan

o 20km

Ferdows
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r;;:-:;;r-rn-,;;;,.-,-"-'---- 5:..:8.;c.(:..:)0__-----, Table Summary of Five (15 Components) Accelero grams

Acceleration Time Histories, and Plots &

Print-Outs of Response Spectra

The plots and print-outs of each record and its

results of analysis were arranged in the following

order:

where 5v is the relative velocity response spectrum,

To is natural period and h is damping factor. Both

the duration T and 51 value are listed in Table 1.

where a( t) is acceleration, t r is the total duration of

record, and T c is the center of power.

The spectral intensity value proposed by G. W.

Housner') was also computed by

(3 )
1 (,.5

51=2:4JO., 5v(To,h=0.2)dTo

Fig. Intensity distribution in epicentral area

ms were found clearly tilted that the zero line seemed

to require angular rotations for certain section.

Besides, when compared with the original time his

tories, there were several evidently erroneous read

ings of peak values in some of the data.

It was difficult to correct the distortion of zero line

induced by sectional digitization without having more

detailed information on the positions of the connec

tion points of successive sections. Therefore, only the

main portion of accelerogram was used for records

No.2, No. 3 and No.5. The· new zero line was

assumed as a+bt, and coefficients a and b were deter

mined so that the RMS value of acceleration was

Acceleration time histories of the three compo-

nents,

0.02, 0.05, 0.1 and 0.2,

Absolute acceleration response spectra of the

three components with damping factors of

(2 )

(1)minimized. Evidently erroneous peak values were

replaced by the mean value of two adjacent points.

Finally, all the records were filtered by a high pass

filter defined by the following equation

1

0 I~/LL

1 1- ILL
A(T)= 2(I-cos Iw-ILLJr) ILL<I<lw (3) Print-outs of absolute acceleration, relative

velocity and relative displacement response
1 1?;,lw

( 1 ) spectra of the three components.

where A (T) is the frequency response function of the Figure 2( a )and ( b )show the corrected accelero-

filter, I is the frequency,ILU is the cut-off frequency grams and their acceleration response spectra for the

(O.IHz) and ILL is the roll-off frequency (0.06 Hz). ground motion in Tabas. The peak ground accelera-

above-
tions in the two horizontal directions are 915 gal and

After the correction according to the
mentioned method, the duration of strong motion 863 gal, which are definitly among the strongest shak-

defined by Zhou and Xie3) was calculated by ings ever recorded. Figure 2( b ) indicates that
I (t, horizontal response accelerations of simple structures

)0 (t- Tc)'a'(tldt with their periods shorter than about 1 sec are gener-
T=2 (2)1t

' a'( tldt ally greater than 1 g (~1000 gal) for damping factors
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TABAS N16W TABAS U-D TABAS S74E

Acceleration response spectra of the record in Tabas
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Corrected acceleration time histories of

the record in Dayhook
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Fig.3(b) Acceleration response spectra of the record in Dayhook

11111111111111111111111111111111111111111I11111111111111111111111I1111111111111111111111111I11111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111I1111

17



140 38 § 3 i'j (1986.3)

¥~ 11111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111I111II1II11I11111I1I1I11II111III1I1I1111I111I1I

Table 2 Digital values of acceleration, velocity and displacement

response spectra for the Tabas N16W record

TABAS Ni6w SAMPLING INTERVAL 0.02 (SEC) , TIME LENGTH = 49.00 (SEC) , MAX. INPUT Ace. = 915.39 (GAL)

DAMPING = 0.02 DAMPING = 0.05 DAMPING = 0.10 DAMPING = 0.20

PER. SA SV SD SA sv SD SA sv SD SA sv SD

0.10 1644.05 20.98 0.41 1425.35 18.51 0.36 1405.52 16.58 0.36 1278.93 13.51 0.32
0.12 2673.93 40.54 0.97 2434.39 37.12 0.86 2014.90 30.54 0.68 1525.87 22.00 0.52
0.14 3228.62 70.39 1. 58 2609.25 48.02 1. 25 2040.59 34.03 0.96 1553.35 24.78 0.72
O. ~5 4107.29 84.71 2.35 2690.27 52.06 1. 54 1992.92 36.73 1.13 1511. 96 26.30 0.82
0.16 3042.51 67.32 1. 98 2210.48 48.02 1. 46 2005.46 38.37 1. 24 1585.88 29.40 0.95
0.18 4228.71 107.37 3.49 3202.55 76.66 2.64 2311.41 56.42 1. 92 1638.80 37.68 1. 27
0.20 4711.87 137.00 4.75 3563.56 100.19 3.57 2552.83 71. 92 2.49 1711.48 48.12 1. 60
0.23 4275.01 147.72 5.77 3397.24 119.67 4.61 2515.05 90.56 3.39 1656.23 57. 29 2.06
0.25 4046.46 153.33 6.40 3243.08 126.07 5.13 2266.29 90.89 3.61 1464.35 55.96 2.13
0.27 3612.78 151.89 6.68 2600.10 117.88 4.76 1814.89 86.51 3.33 1206.63 55.90 2.10

0.30 2375.17 110.41 5.45 1728.13 84.69 3.99 1553.64 70.22 3.50 1182.87 54.90 2.44
0.34 2023.67 122.26 5.88 1782.19 106.56 5.20 1438.32 86.51 4.07 1171.58 64.70 3.18
0.37 1516.65 102.24 5.26 1418.68 101.15 4.91 1338.25 90.49 4.57 1181. 55 69.47 3.76
0.40 1718.13 99.83 6.95 1467.13 100.32 5.96 1319.46 93.29 5.27 1169.04 71. 91 4.30
0.45 2692.18 188.79 13.86 1903.87 136.82 9.67 1494.02 104.59 7.54 1136.49 73.21 5.28
0.50 2144.00 186.33 13.54 1822.66 157.59 11. 48 1409.49 118.87 8.73 1027.08 89.74 6.05
0.55 2359.52 188.03 18.00 1902.63 159.54 14.44 1422.03 133.29 10.66 1009.67 99.01 7.20
0.60 2288.03 236.14 20.83 1578.85 169.70 14.23 1221. 59 135.72 10.89 966.30 99.80 8.07
0.65 1263.72 133.17 13.53 1100.54 137.76 11. 73 1092.23 121. 50 11. 41 889.94 95.13 8.64
0.70 2225.96 229.93 27.63 1527.04 150.00 18.93 1143.32 116.46 14.01 795.40 88.48 9.36

0.80 1754.93 230.85 28.40 1374.89 164.52 22.15 1057.23 124.07 16.81 731.23 88.15 10.99
0.90 1112.93 149.89 22.82 923.78 126.33 18.85 732.04 103.21 14.85 564.77 76.28 10.69
1. 00 842.35 126.37 21. 33 652.93 105.25 16.48 554.49 84.89 13.90 455.93 72.25 11. 05
1. 10 827.30 152.14 25.36 579.07 98.94 17.64 462.42 78.41 13.96 401.12 65.65 11.79
1. 20 742.73 147.42 27.06 551. 80 103.81 20.01 411. 80 77,57 14.64 364.32 62.27 12.69
1. 30 630.33 129.85 26.98 473.58 95.86 20.16 336.70 71. 49 14.11 340,'72 64.33 13.84
1. 40 495.91 118.68 24.62 385.10 89.56 19.02 315.20 73:16 15.41 333.11 66.80 15.64
1. 50 609.17 151.20 34.71 449.39 112.20 25.55 374.29 88.38 21. 01 336.45 69.61 18.00
1. 60 681.47 166.83 44.18 495.05 119.91 31. 96 395.53 91. 59 25.07 338.00 70.08 20.36
1. 80 498.18 142.35 40.86 430.05 120.50 35.06 377.01 104.74 30.19 323.28 76.12 24.14

2.00 651.31 216.23 65.97 491.71 169.62 49.52 377.94 124.84 37.47 283.90 83.55 26.99
2.30 521.14 190.79 69.79 378.64 145.06 50.46 305.58 118.70 39.94 249.39 97.81 31. 06
2.50 383.20 166.70 60.63 298.22 152.67 46.91 264.53 134.64 41. 33 235.82 109.67 35.39
2.70 354.48 178.36 65.38 303.08 162.00 55.69 251.63 142.53 45.29 224.92 116.76 39.35
3.00 303.37 147.29 69.08 274.34 146.05 62.12 243.17 139.18 53.54 212.82 121.35 44.84
3.50 344.57 176.71 106.80 315.65 153.35 97.37 275.71 139.72 83.43 223.17 122.31 62.11
4.00 439.80 277.05 178.10 382.54 232.09 154.14 308.54 194.63 122.37 241. 72 154.73 90.88
4.50 540.77 388.91 277.18 406.05 317.88 207.26 318.69 261.36 158.53 254.30 190.45 118.14
5.00 496.10 411.06 313.83 377.60 320.31 237.77 305.92 263.81 188.97 243.48 195.59 138.21
6.00 298.74 316.20 272.14 260.04 273.14 235.46 226.84 242.85 201.90 188.25 195.79 152.30

PER. =PERIOD (SEC) I SA=ABSOLUTE Ace. (GAL) I SV=RELATIVE VELOCITY (eM/SEC), SD=RELATIVE DISPLACEMENT (eM)

equal to or less than 0.1. Figure 3 ( a ) and ( b ) are the

similar graphs for the ground motion in Dayhook, the

second strongest shaking recorded during the earth

quake. Unfortunately, the site ground conditions at

the recording stations are not given in Ref. (2). Table

2 shows a sample of the print-out of the digital values

of response spectra for the strongest component, the

N16W accelerogram in Tabas with a peak ground

acceleration of 915 gal.

The complete results of the analyses on the above

mentioned 5 records will be compiled elsewhere').

(Manuscript receivd, December 11, 1985)
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