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PREFACE

An extensive, complete and uniform database of strong motion recordings is es-
sential in earthquake hazard mitigation. Therefore, strong motion networks have been
set up in various seismically active regions worldwide, as full scale in situ laboratories
gathering experimental ground motion data. This data is used for empirical scaling
of various parameters and functions of strong ground motion, such as Fourier spectra,
response spectra, attenuation of duration, for source mechanism studies, and in many
other studies on the nature and site specific characteristics of strong ground motion.
For all these studies, the completeness and uniformity of the database is essential. At
present, the most extensive uniformly processed strong motion database is available for
California. Efforts have been made to gather such uniform data for other regions of the
world where sufficient number of data has been recorded. Parallel studies of strong mo-
tion in different geographic regions will make it possible to separate the region specific
from the intrinsic characteristics of the strong motion.

This report is one of the series of EQINFOS reports containing Volume II and III
plots and cross-reference tables of uniformly processed data for a region. The first report
of this type was published for the Western United States, up to 1986 (Lee and Trifunac,
1987). It was followed by a report for Yugoslavia (Jordanovski et al., 1987), and for
Bulgaria (Nenov et al., 1990). This report contains 49 accelerograms recorded at Koyna
Dam, in the Indian state of Maharashtra, between 1967 and 1982. The processing of
these data was taken up at the Central Water and Power Research Station, Pune, India,
with the help of the first of the editors during his visit to the Institute in November-
December 1983, as an UNDP consultant.

The editors
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CHAPTER 1
INTRODUCTION

On the basis of seismic activity, the Indian subcontinent can be divided into three
zones, the Himalayan Zone, the Indian Peninsula, and the Indo-Gangetic Alluvial Plains
intervening the two. The Himalayan Zone is one of the highly seismic areas in the world,
and it has experienced several destructive earthquakes with magnitude greater than 8.
The northern parts of the Indo-Gangetic Plains forming the foothills of the Himalayas are
moderately seismic. The level of seismic activity in the Peninsula, except the Kachchh
region, can be rated as below moderate to low, with very rare occurrence of earthquakes
of magnitude 5.0 or above in its marginal areas only. The Kachchh region, however,
has experienced a couple of earthquakes of magnitude above 7.0. Thus, more than fifty
percent of the Indian territory is prone of earthquake damage. However, no systematic
study was started on recording and processing of strong-motion data in India, till the
late 1970’s.

The first useful strong-motion data set in India was obtained from the Koyna Dam
earthquakes. Koyna Dam (73° 45’E, 17° 23.85’ N) is situated in the Peninsular India,
which is generally regarded as one of the aseismic Pre-Cambrian land masses. However,
after impounding of the Koyna reservoir during 1962 Monsoon, reports of experience
of earth tremors began to be prevalent in the vicinity of the dam. In view of these
local tremors, the Central Water and Power Research Station (CW&PRS), Pune, India,
undertook detailed seismological investigations, under which two AR-240 accelerographs
were also installed in the body of the dam in March, 1966. The first useful accelerogram
was recorded by an instrument in the foundation gallery of the dam on 12 September,
1967, from an earthquake of magnitude 3.9 in the vicinity of the dam. The very next day
‘a couple of additional accelerograms were recorded from an earthquake of magnitude
5.0 and its aftershocks. Then, on 10 December, 1967, the main Koyna earthquake
(M = 6.5) occurred, which provided the most significant accelerogram in India till to
date. Subsequently, the number of accelerograph stations were increased to thirteen.
Details of these accelerograph stations are given in Table I.I and their locations in the
body of the dam and outside the dam are shown in Figures I.1(a) and 1.1(b), respectively.

Seeing the increase in seismic activity in the vicinity of the Koyna dam after im-
pounding of the reservoir, authorities of several river-valley projects in India became
interested in recording of strong-motion data in the dam structures. In 1968, a code
(IS:4967-1968) was also brought out by the Indian Standards Institute (now Bureau
of Standards) regarding the seismic instrumentation of river-valley projects. This code
recommends installation of accelerographs at the base and at the top of a dam. It also
suggests the installation of an accelerograph at mid height for dams with height more
than 100 m. The Department of Irrigation, Govt. of Uttar Pradesh, India, provided
funds to the Department of Earthquake Engineering, Roorkee University for the design
and development of the strong-motion accelerograph known as RESA (Roorkee Earth-
quake School Accelerograph) accelerographs.

At present, a network of 40 RESA accelerographs is installed in the Himalayan
Seismic Zone (Chandrasekaran, 1987), for which the funds were provided by the De-
partment of Science and Technology (DST), Govt. of India. DST has also funded the



TABLE 1.1
DETAILS OF ACCELEROGRAPH STATIONS IN THE BODY
AND IN THE REGION OF KOYNA DAM

Accelerograph Foundation Accelerograph Date of
Stations Type Type Installation
1. Koyna dam Concrete monolith AR-240 3729766
1-A gallery, founded on basalt RFT-250 9/24/71
644 m above
M.S.L.

2. Koyna dam shear Dam AR-240 3/29/66
zone gallery, RFT-250 9/24/71

Monolith No. 13,
595 m above M.S.L.

3. Koyna dam Dam RFT-250 1978
inspection gallery,
Monolith No. 17,
585 m above M.S.L.

4. Koyna dam Dam RFT-250 1978
operation gallery,
Monolith No. 17,
610 m above M.S.L.

5. Koyna dam top, Dam RFT-250 9/24/71
Monolith No. 17,
665 m above M.S.L.

6. 100 m downstream Basalt AR-240 9/10/68
of the dam on RFT-250 9/24/71
right bank,

644 m above M.S.L.

7. Kirnos Observatory Basalt RFT-250 1978
(on ground) about
300 m from the right
bank near the dam site,
675 m above M.S.L.

8. Pophali power house Basalt RFT-250 9/17/71
17 26.00N, 73 41.00E,
and 168 m above M.S.L.

9. Pophali interadit point, Basalt RFT-250 9/17/71
17 26.00N, 73 41.00E,
and 365 m above M.S.L.

10. Alore observatory, Basalt RFT-250 10/27/71
17 29.00N, 73 39.00E,
and 85 m above M.S.L.



11. Govalkot observatory, Basalt AR-240 6/27/72
17 32.50N, 73 29.43E,
and 15 m above M.S.L.

12. satara observatory, Basalt AR-240 1/27/72
17 40.87N, 74 00.00E,
and 650 m above M.S.L.

13. Mahabaleshwar Thick hard RFT-240 6/27/72
observatory, lateritic
17 55.36N, 73 39.55E, soil underlain
and 1430 m above M.S.L. by basalt

AR-240 accelerograph: Natural period = 0.056 sec
Damping ratio = 0.60 of critical
Recording speed = 2 cm/sec
Recording medium = 12" photo paper
Sensitivity = 77 m/g

RFT-250 accelerograph: Natural period = 0.051 sec
Damping ratio = 0.60 of critical
Recording speed = 1 cm/sec
Recording medium =70 mm film
Sensitivity = 19 mm/g

3
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Fig. I.1b Location of accelerograph stations 6-13, listed in Table I.1.
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deployment of an array of 45 SMA-1 accelerographs in the Shillong region of northeast
India, where an earthquake of magnitude 8.7 occurred in 1897. This region is one of the
six sites in the World, which were assigned the highest priority for immediate instru-
mentation by the International Workshop on Strong-Motion Instrument Array held at
Honolulu, USA in May, 1978 (Iwan, 1978). The Shillong array, as well as the network of
RESA accelerographs, are proposed to be densified in near future by the Department of
Earthquake Engineering, Roorkee University with the help of grants from DST, India.
Rookee University has also installed an array of 50 SMA-1 accelerographs in the Kangra
region of Himachal Pradesh, India for which the funds were provided by the National
Science Foundation, USA, under a collaborative program. Thus the Himalayan Zone is
now better prepared to record the strong-motion data from future earthquakes. Since the
installation of these instruments, no major earthquake has occurred under these arrays,
and so, at present, the Koyna Dam accelerograms remain a significant strong-motion
database in India.

Most of the Koyna Dam accelerograms have been recorded at different heights in
the body of the dam, with a large number of them recorded only at the dam top from
very small magnitude earthquakes. Those records are thus affected by the response of
the dam. However, the accelerograms recorded in the foundation gallery may perhaps be
approximated as ground acceleration records. After scrutinizing all the available data,
a set of forty-nine significant records has been selected for processing and presentation
in this report. Processing and analysis of the data recorded till May 1974 has been per-
formed earlier also by Guha et al. (1970, 1974). But the results of their analysis do not
meet all the current requirements of strong-motion data processing. Over the period of
about past two decades, the methods of strong-motion accelerogram analysis have un-
dergone several improvements, and at present the principles and the requirements of the
analysis procedures are almost standardized (Trifunac and Lee, 1973; Lee and Trifunac,
1984, 1990). Though the digitizing facilities and the digital signal processing techniques
adopted by different analysts may vary, the results of their analysis are comparable, with
everybody following the same standard steps of processing.

In the previous analyses of the Koyna Dam accelerograms, instrument correction
was not applied, due to which, the high frequency components of ground acceleration
were not represented accurately. These accelerograms are recorded on hard rock sites
at small epicentral distances, and thus, they are conspicuous in high frequency contents.
Therefore, to get more accurate ground acceleration values for comparatively higher
frequencies, it is essential to apply the correction for the dynamic response of the in-
strument (Trifunac, 1972). Further, in the previous analyses, the ground velocity and
displacement were computed by fitting a least square parabolic line as the zero accel-
eration base-line (Schiff and Bogdanoff, 1967). Parabolic base-line is able to remove
the base-line distortions of the periods of about twice the record length only, and thus
the records of different lengths are treated differently. In reality, base-line distortions of
various periods may be present in an accelerogram due to (i) some transverse play in the
transport mechanism of the recording medium, (ii) the photographic developing process
and aging of the record, and (iii) the inaccuracies in the digitization. To correct an
accelerogram for all the base-line distortions, Trifunac (1971) presented a new method
for base-line correction, which is based on the technique of digital filtering. By suitably
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choosing the cut-off frequency for the digital filter to keep the signal to noise ratio above
one, all the base-line distortions can be removed to obtain quite accurate values of the
computed velocity and displacement (Trifunac and Lee, 1974).

This report presents the results on the processing of selected Koyna Dam accelero-
grams by correcting the accelerograms for the dynamic response of the instrument and
applying the base-line correction as per the Trifunac’s method (Trifunac, 1971). The
present data satisfies the standards for inclusion in the EQUINFOS type data bank (Lee
and Trifunac, 1982). Also, these accelerograms provide a unique data base in the sense
that all the data are recorded very close to the epicenters, where the attenuation of
strong motion is not known perfectly and where the destruction is the maximum.



CHAPTER II
DATA RECORDED AT KOYNA DAM
BETWEEN 1967 AND 1982

I1.1 The Data

The Volume 1A of the EQINFOS data base for India contains 49 uniformly pro-
cessed records of 40 earthquakes (3.2 < M < 6.5), recorded at 6 locations in Koyna
Dam, state of Maharashtra, India, at epicentral distances from about 1.5 km to about
21.5 km, in the period between 1967 and 1982.

Table II.I contains a list of the recorded earthquakes, in a chronological order. The
columns from left to right contain the earthquake number, the date, the time (hour and
minutes), the epicentral latitude and longitude (degrees, minutes and seconds), the depth
of the focus (km), the magnitude, the epicentral MMI, and the earthquake name. Only
for 29 of the earthquakes, the hypocentral coordinates are available. The magnitude
has been determined for all the 40 contributing earthquakes. Reported intensity is not
available for any of the earthquakes. The intensity in Table IL.I is Modified Mercalli
Intensity (MMI) estimated empirically (Lee and Trifunac, 1985) as

MMI =1.5M — A - Bln(A) — CA/100 — Ds, (1)

where M is the magnitude, and s is the geological site condition at the epicenter (s=0
for sites on alluvium, s = 2 for sites on basement rock, and s = 1 for sites which are not
clearly either on alluvial or on rock). The estimates in Table ILI are for s = 0 (assumed).
A is the hypocentral distance evaluated as

A = (R*+ H? + §%)1/2 (2)

where R is the epicentral distance (taken as 1 km for the estimates in Table ILI), and S
is the size of the source. For magnitudes M > 3, S is related to the magnitude M by

S = —25.34 + 8.51M. (3)

To each record, a unique pair of a Log.# and a Ref.# is assigned. The Log.# is
made of six digits and two periods. The first two digits correspond to the year when the
recording took place. The next three digits, in this report, are same as the number of the
record in the database. The last digit is arbitrarily set to be 0. The Ref.# is assigned to
the record at the time of processing, indicating the order of the processed record in the
data base. The Ref.# uniquely corresponds to a couple of a station an earthquake. It
is made up of two letters and three digits. The records in this report have Ref.#’s from
KDO001 to KD049.

Table IL.II is another list of earthquakes, in chronological order, which also contains
the Ref.#’s of the records of that earthquake. The columns from left to right in this
table correspond to the earthquake number, year, time, name, magnitude, estimated
epicentral MMI (same as in Table ILI), and the Ref.#’s of the corresponding records of
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EQ#

O 0B NONUVT &N -

17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40

DATE TIME

9/12/67 08411ST
9/13/67 06231ST
9/13/67 06481ST
9/13/67 08211ST
11/16/67 20161ST
12/10/67 2251187
12/11/67 20491ST
12/12/67 1549187
12/12/67 18201ST
12/13/67 0509187
12/13/67 19361ST
12/14/67 09161ST
12/14/67 1506187
12/17/67 2253187
12/24/67 23491ST
1/12/68 04371ST
2/14/68 09161ST
3/ 4/68 21361ST
10/29/68 10001ST
6/27/69 20051ST
6/27/69 20051ST
1/ 1/70 22301ST
5/27/70 12451ST
6/17/70 06481ST
9/26/70 16361ST
2/14/71 01301ST
2/17/74 14061ST
5/29/74 18261ST
7/29/74 2317187
9/ 2/75 23171ST
3/14/76 05161ST
4/22/76 10461ST
12/12/76 00521ST
9/19/77 00031ST
9/ 2/80 16391ST
9/20/80 07281ST
9/20/80 10451ST
10/26/80 01321ST
1/25/81 20301ST
4/25/82 23041ST

LATITUDE LONGTITUDE DEPTH MAG MMI

17 26 54
17 30 30
17 17 54

17 16 54
17 17 48
17 29 12
17 18 24
17 22 18
17 18 18
17 21 00
17 23 12
17 19 54
17 21 54
17 21 00
17 24 12
17 24 12
17 19 63
17 28 48

17 22 00
17 21 42
17 15 00
17 29 24
17 19 24
17 21 48
17 14 18
17 21 24
17 22 42
17 16 30
17 14 18
17 12 24
17 15 00
17 15 12
17 18 00
17 14 24

TABLE I1.1
LIST OF CONTRIBUTING EARTHQUAKES

73 51 06
73 43 48
73 53 30

73 41 42
73 46 54
73 46 36
73 46 54
73 45 00
73 45 18
73 42 36
73 45 00
73 42 12
73 46 06
73 43 30
73 44 24
73 44 24
73 42 48
73 48 42

73 39 06
73 49 36
73 45 24
73 46 36
73 44 42
73 41 24
73 43 42
73 41 00
73 44 00
73 45 00
73 44 36
73 45 36
73 42 00
73 44 18
73 43 48
73 42 12

3.9

5.8

4.5

3.2

5.0 3.5
12.0 6.5
8.0 3.8
3.6

13.0 4.7
15.0 4.6
23.0 3.8
13.0 4.1
5.0 4.1
3.0 3.7
20.0 5.0
4.0 4.1
16.0 3.6
10.0 4.2
7.05.2
3.0 3.9
3.0 4.7
11.0 4.3
3.0 4.4
3.6
13.0 4.4
3.0 4.2
19.0 4.7
11.0 3.5
24.0 4.3
7.0 4.0
5.0 3.9
13.0 3.8
13.0 3.9
19.0 4.0
6.0 4.3
8.0 4.7
8.0 4.9
13.0 3.7
7.0 3.7
13.0 4.3

VU s &AMV NI STOO T TV N0 0TI OOV T O W

EQ NAME

KOYNA DAM
KOYNA DAM
KOYNA DAM
KOYNA DAM
KOYNA DAM
KOYNA DAM
KOYNA DAM
KOYNA DAM
KOYNA DAM
KOYNA DAM
KOYNA DAM
KOYNA DAM
KOYNA DAM
KOYNA DAM
KOYNA DAM
KOYNA DAM
KOYNA DAM
KOYNA DAM
KOYNA DAM
KOYNA DAM
KOYNA DAM
KOYNA DAM
KOYNA DAM
KOYNA DAM
KOYNA DAM
KOYNA DAM
KOYNA DAM
KOYNA DAM
KOYNA DAM
KOYNA DAM
KOYNA DAM
KOYNA DAM
KOYNA DAM
KOYNA DAM
KOYNA DAM
KOYNA DAM
KOYNA DAM
KOYNA DAM
KOYNA DAM
KOYNA DAM

MMI is calculated from magnitude using Eq. (1) at distance 1 km
from the epicenter, assuming s = 0.

EARTHQUAKE
EARTHQUAKE
EARTHQUAKE
EARTHQUAKE
EARTHQUAKE
EARTHQUAKE
EARTHQUAKE
EARTHQUAKE
EARTHQUAKE
EARTHQUAKE
EARTHQUAKE
EARTHQUAKE
EARTHQUAKE
EARTHQUAKE
EARTHQUAKE
EARTHQUAKE
EARTHQUAKE
EARTHQUAKE
EARTHQUAKE
EARTHQUAKE
EARTHQUAKE
EARTHQUAKE
EARTHQUAKE
EARTHQUAKE
EARTHQUAKE
EARTHQUAKE
EARTHQUAKE
EARTHQUAKE
EARTHQUAKE
EARTHQUAKE
EARTHQUAKE
EARTHQUAKE
EARTHQUAKE
EARTHQUAKE
EARTHQUAKE
EARTHQUAKE
EARTHQUAKE
EARTHQUAKE
EARTHQUAKE
EARTHQUAKE

#01,
#02,
#03,
#04'
#05,
#06,
#07,
#08,
#09,
#10,
#1,
#12,
#3,
#14,
#15,
#16,
#17,
#8,
#19,
#20,
#21,
#22,
#23,
#24,
#25,
#26,
#27,
#28,
#29,
#30,
#31,
#32,
#33,
#34,
#35,
#36,
#37,
#38,
#39,
#0,

INDIA
INDIA
INDIA
INDIA
INDIA
INDIA
INDIA
INDIA
INDIA
INDIA
INDIA
INDIA
INDIA
INDIA
INDIA
INDIA
INDIA
INDIA
INDIA
INDIA
INDIA
INDIA
INDIA
INDIA
INDIA
INDIA
INDIA
INDIA
INDIA
INDIA
INDIA
INDIA
INDIA
INDIA
INDIA
INDIA
INDIA
INDIA
INDIA
INDIA



TABLE I1.11
CROSS-INDEX OF EARTHQUAKES AND RECORD DATA FILES

EQ# YEAR TIME EQ NAME MAG MMI  DATA REPORT REF #

1967 08411ST KOYNA DAM EARTHQUAKE #01 3.9 5 KD0O1
1967 06231ST KOYNA DAM EARTHQUAKE #02 5.8 7 KDOO2
1967 06481ST KOYNA DAM EARTHQUAKE #03 4.5 6 KD003
1967 08211ST KOYNA DAM EARTHQUAKE #04 3.2 5 KDOO4
1967 20161ST KOYNA DAM EARTHQUAKE #05 3.5 5 KDOOS
1967 22511ST KOYNA DAM EARTHQUAKE #06 6.5 8 KDOO6
1967 2049IST KOYNA DAM EARTHQUAKE #07 3.8 5 KD0O7
1967 15491ST KOYNA DAM EARTHQUAKE #08 3.6 5 KD008
1967 18201ST KOYNA DAM EARTHQUAKE #09 4.7 6 KDOOS
1967 05091ST KOYNA DAM EARTHQUAKE #10 4.6 6 KDO10
1967 19361ST KOYNA DAM EARTHQUAKE #11 3.8 4 KDO11
12 1967 09161ST KOYNA DAM EARTHQUAKE #12 4.1 5 kD012
13 1967 15061ST KOYNA DAM EARTHQUAKE #13 4.1 5 kD013
14 1967 22531ST KOYNA DAM EARTHQUAKE #14 3.7 5 KDO14
15 1967 23491ST KOYNA DAM EARTHQUAKE #15 5.0 6 KDO15 KDO16
16 1968 0437IST KOYNA DAM EARTHQUAKE #16 4.1 5 KDO17 kD018
17 1968 09161ST KOYNA DAM EARTHQUAKE #17 3.6 4 kD019
18 1968 21361ST KOYNA DAM EARTHQUAKE #18 4.2 5 KDO20 kD021
19 1968 1000IST KOYNA DAM EARTHQUAKE #19 5.2 6 KD022-KD024
20 1969 20051ST KOYNA DAM EARTHQUAKE #20 3.9 5 Kp025
21 1969 20051ST KOYNA DAM EARTHQUAKE #21 4.7 6 KDO26
22 1970 2230IST KOYNA DAM EARTHQUAKE #22 4.3 5 KDO27
23 1970 12451ST KOYNA DAM EARTHQUAKE #23 4.4 6 KD028
24 1970 06481ST KOYNA DAM EARTHQUAKE #24 3.6 5 KD029-KD030

O O NV SN

-
- O

25 1970 16361ST KOYNA DAM EARTHQUAKE #25 4.4 5 KDO31
26 1971 01301ST KOYNA DAM EARTHQUAKE #26 4.2 5 KD032
27 1974 14061ST KOYNA DAM EARTHQUAKE #27 4.7 5 KD033
28 1974 18261ST KOYNA DAM EARTHQUAKE #28 3.5 & KDO34
29 1974 23171ST KOYNA DAM EARTHQUAKE #29 4.3 5 KD035
30 1975 23171ST KOYNA DAM EARTHQUAKE #30 4.0 5 KD036
31 1976 05161ST KOYNA DAM EARTHQUAKE #31 3.9 5 KDO37
32 1976 10461ST KOYNA DAM EARTHQUAKE #32 3.8 4 KDO038
33 1976 00521ST KOYNA DAM EARTHQUAKE #33 3.9 5 KDO39
34 1977 0003IST KOYNA DAM EARTHQUAKE #34 4.0 4 KD040
35 1980 16391ST KOYNA DAM EARTHQUAKE #35 4.3 5 KDO41 KD042

36 1980 0728IST KOYNA DAM EARTHQUAKE #36 4.7 6 KDO43
37 1980 10451ST KOYNA DAM EARTHQUAKE #37 4.9 & KDO44 KD045
38 1980 0132IST KOYNA DAM EARTHQUAKE #38 3.7 & KDO46
39 1981 2030IST KOYNA DAM EARTHQUAKE #39 3.7 5 KDO47
40 1982 23041ST KOYNA DAM EARTHQUAKE #40 4.3 5 KDO4S KD049

MMI is calculated from magnitude using Eq. (1) at distance 1 km
from the epicenter, assuming s = 0.
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TABLE II.111

GEOGRAPHICAL INDEX OF ACCELEROGRAPH SITES AND RECORD DATA FILES

CITY ADDRESS

KOYNA DAM, MAHARASHTRA, INDIA
17 23 51N, 73 45 OF

KOYNA DAM SHEAR ZONE GALLERY

KOYNA DAM 1A GALLERY

KOYNA DAM DOWNSTREAM OBS.

KOYNA DAM TOP (M17)

11

REF.# LOG.#

KD0O1 67.001.0
KD002 67.002.0
KDOO03 67.003.0
KDO04 67.004.0
KDOO5 67.005.0
KD009 67.009.0
KDO14 67.014.0
KDO15 67.015.0
KD017 68.001.0
KDO19 68.003.0
KD020 68.004.0
KD023 68.007.0
KD030 70.004.0
KD049 82.002.0

KD006 67.006.0
KD0O07 67.007.0
KDO08 67.008.0
kD010 67.010.0
kD011 67.011.0
kD012 67.012.0
kD013 67.013.0
KDO16 67.016.0
KD018 68.002.0
KD021 68.005.0
KD022 68.006.0
KD025 69.001.0
KD026 69.002.0
KD027 70.001.0
kD029 70.003.0
kD031 70.005.0
kD032 71.001.0

KD024 68.008.0
KD028 70.002.0
KD039 76.003.0

KDO33 74.001.0
KD034 74.002.0
KDO035 74.003.0
KD036 75.001.0
KDO037 76.001.0
kD038 76.002.0
kD040 77.001.0
KD046 80.006.0
KD047 81.001.0
KD048 82.001.0



KOYNA DAM KIRNOS OBS. KDO41 80.001.0

KD043 80.003.0
KDO44 80.004.0

KOYNA DAM OPERATION GALLERY KD042 80.002.0
KD045 80.005.0

12



REF.#

KD0O1
KD002
KD003
KD0O&
KDO05
KD006
KD007
KD008
KD009
KDO10
KDO11
KD012
KDO13
KDO014
KD015
KD016
KD017
KD018
KDO19
KD020
kD021
KD022
KD023
KD024
KD025
KD026
KD027
KD028
KD029
KD030
KD031
KD032
KDO33
KDO034
KDO035
KD036
KDO37
KD038
KD039
KD04O
KDO41
KD042
KD043
KDO44
KD045
KD046
KD047
KD048
KD049

TABLE II1.1V

CROSS-INDEX OF RECORD DATA FILES AND STATION ADDRESS

LOG.#

67.001.0 KOYNA DAM
67.002.0 KOYNA DAM
67.003.0 KOYNA DAM
67.004.0 KOYNA DAM
67.005.0 KOYNA DAM
67.006.0 KOYNA DAM
67.007.0 KOYNA DAM
67.008.0 KOYNA DAM
67.009.0 KOYNA DAM
67.010.0 KOYNA DAM
67.011.0 KOYNA DAM
67.012.0 KOYNA DAM
67.013.0 KOYNA DAM
67.014.0 KOYNA DAM
67.015.0 KOYNA DAM
67.016.0 KOYNA DAM
68.001.0 KOYNA DAM
68.002.0 KOYNA DAM
68.003.0 KOYNA DAM
68.004.0 KOYNA DAM
68.005.0 KOYNA DAM
68.006.0 KOYNA DAM
68.007.0 KOYNA DAM
68.008.0 KOYNA DAM
69.001.0 KOYNA DAM
69.002.0 KOYNA DAM
70.001.0 KOYNA DAM
70.002.0 KOYNA DAM
70.003.0 KOYNA DAM
70.004.0 KOYNA DAM
70.005.0 KOYNA DAM
71.001.0 KOYNA DAM
74.001.0 KOYNA DAM
74.002.0 KOYNA DAM
74.003.0 KOYNA DAM
75.001.0 KOYNA DAM
76.001.0 KOYNA DAM
76.002.0 KOYNA DAM
76.003.0 KOYNA DAM
77.001.0 KOYNA DAM
80.001.0 KOYNA DAM
80.002.0 KOYNA DAM
80.003.0 KOYNA DAM
80.004.0 KOYNA DAM
80.005.0 KOYNA DAM
80.006.0 KOYNA DAM
81.001.0 KOYNA DAM
82.001.0 KOYNA DAM
82.002.0 KOYNA DAM

ADDRESS

SHEAR ZONE GALLERY,
SHEAR ZONE GALLERY,
SHEAR ZONE GALLERY,
SHEAR ZONE GALLERY, MAHARASHTRA,
SHEAR ZONE GALLERY, MAHARASHTRA,
1A GALLERY, MAHARASHTRA, INDIA
1A GALLERY, MAHARASHTRA, INDIA
1A GALLERY, MAHARASHTRA, INDIA
SHEAR ZONE GALLERY, MAHARASHTRA,
1A GALLERY, MAHARASHTRA, INDIA
1A GALLERY, MAHARASHTRA, INDIA
1A GALLERY, MAHARASHTRA, INDIA
1A GALLERY, MAHARASHTRA, INDIA
SHEAR ZONE GALLERY, MAHARASHTRA,
SHEAR ZONE GALLERY, MAHARASHTRA,
1A GALLERY, MAHARASHTRA, INDIA
SHEAR ZONE GALLERY, MAHARASHTRA,
1A GALLERY, MAHARASHTRA, INDIA
SHEAR ZONE GALLERY, MAHARASHTRA,
SHEAR ZONE GALLERY, MAHARASHTRA,
1A GALLERY, MAHARASHTRA, INDIA
1A GALLERY, MAHARASHTRA, INDIA
SHEAR ZONE GALLERY, MAHARASHTRA, INDIA
DOWNSTREAM OBS., MAHARASHTRA, INDIA

1A GALLERY, MAHARASHTRA, INDIA

1A GALLERY, MAHARASHTRA, INDIA

1A GALLERY, MAHARASHTRA, INDIA
DOWNSTREAM OBS., MAHARASHTRA, INDIA

1A GALLERY, MAHARASHTRA, INDIA

SHEAR ZONE GALLERY, MAHARASHTRA, INDIA
1A GALLERY, MAHARASHTRA, INDIA
1A GALLERY, MAHARASHTRA, INDIA
TOP (M17), MAHARASHTRA, INDIA
TOP (M17), MAHARASHTRA, INDIA
TOP (M17), MAHARASHTRA, INDIA
TOP (M17), MAHARASHTRA, INDIA
TOP (M17), MAHARASHTRA, INDIA
TOP (M17), MAHARASHTRA, INDIA
DOWNSTREAM OBS., MAHARASHTRA,
TOP (M17), MAHARASHTRA, INDIA
KIRNOS OBS., MAHARASHTRA, INDIA
OPERATION GALLERY, MAHARASHTRA, INDIA
KIRNOS OBS., MAHARASHTRA, INDIA

KIRNOS OBS., MAHARASHTRA, INDIA
OPERATION GALLERY, MAHARASHTRA, INDIA
TOP (M17), MAHARASHTRA, INDIA

TOP (M17), MAHARASHTRA, INDIA

TOP (M17), MAHARASHTRA, INDIA

SHEAR ZONE GALLERY, MAHARASHTRA, INDIA

MAHARASHTRA,
MAHARASHTRA,
MAHARASHTRA,

INDIA
INDIA
INDIA
INDIA
INDIA

INDIA

INDIA
INDIA

INDIA

INDIA
INDIA

INDIA
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TABLE III.V
CROSS-INDEX OF RECORD DATA FILES WITH COMPONENT DIRECTION & FILE #

REF.# LOG.# COMP FILE# COMP FILE# COMP FILE# REC.#

11KD001 67.001.0 LONG 0001 VERT 0002 TRAN 0003 1
11KD002 67.002.0 LONG 0004 VERT 0005 TRAN 0006 2
I1KDO0O3 67.003.0 LONG 0007 VERT 0008 TRAN 0009 3
11KD004 67.004.0 LONG 0010 VERT 0011 TRAN 0012 4
I1KDOO5 67.005.0 LONG 0013 VERT 0014 TRAN 0015 5
11IKD006 67.006.0 LONG 0016 VERT 0017 TRAN 0018 6
11KD007 67.007.0 LONG 0019 VERT 0020 TRAN 0021 7
11KDO08 67.008.0 LONG 0022 VERT 0023 TRAN 0024 8
11KDO09 67.009.0 LONG 0025 VERT 0026 TRAN 0027 9
11KD010  67.010.0 LONG 0028 VERT 0029 TRAN 0030 10
11kD011 67.011.0 LONG 0031 VERT 0032 TRAN 0033 1
11KD012 67.012.0 LONG 0034 VERT 0035 TRAN 0036 12
I1KDO13 67.013.0 LONG 0037 VERT 0038 TRAN 0039 13
11KD014 67.014.0 LONG 0040 VERT 0041 TRAN 0042 1%
11KDO15 67.015.0 LONG 0043 VERT 0044 TRAN 0045 15
11KDO16 67.016.0 LONG 0046 VERT 0047 TRAN 0048 16
11KDO17 68.001.0 LONG 0049 VERT 0050 TRAN 0051 17
11KD018 68.002.0 LONG 0052 VERT 0053 TRAN 0054 18
11KDO19 68.003.0 LONG 0055 VERT 0056 TRAN 0057 19
11KDO20 68.004.0 LONG 0058 VERT 0059 TRAN 0060 20
11KDO21 68.005.0 LONG 0061 VERT 0062 TRAN 0063 21
11KD022 68.006.0 LONG 0064 VERT 0065 TRAN 0066 22
11KD023 68.007.0 LONG 0067 VERT 0068 TRAN 0069 23
11KD024 68.008.0 LONG 0070 VERT 0071 TRAN 0072 24
11KDO25 69.001.0 LONG 0073 VERT 0074 TRAN 0075 25
11KD026 69.002.0 LONG 0076 VERT 0077 TRAN 0078 26
11KD027 70.001.0 LONG 0079 VERT 0080 TRAN 0081 27
11KD028 70.002.0 LONG 0082 VERT 0083 TRAN 0084 28
11KD029 70.003.0 LONG 0085 VERT 0086 TRAN 0087 29
11KDO30 70.004.0 LONG 0088 VERT 0089 TRAN 0090 30
11KD031 70.005.0 LONG 0091 VERT 0092 TRAN 0093 3
11KD032 71.001.0 LONG 0094 VERT 0095 TRAN 0096 32
11KD033 74.001.0 LONG 0097 VERT 0098 TRAN 0099 33
11KDO34 74.002.0 LONG 0100 VERT 0101 TRAN 0102 34
11KDO35 74.003.0 LONG 0103 VERT 0104 TRAN 0105 35
11KD036 75.001.0 LONG 0106 VERT 0107 TRAN 0108 36
11KDO37 76.001.0 LONG 0109 VERT . 0110 TRAN 0111 37
11KD038 76.002.0 LONG 0112 VERT 0113 TRAN 0114 38
11KD039 76.003.0 LONG 0115 VERT 0116 TRAN 0117 39
11KDO40 77.001.0 LONG 0118 VERT 0119 TRAN 0120 40
11KDO41 80.001.0 LONG 0121 VERT 0122 TRAN 0123 41
11KD042 80.002.0 LONG 0124 VERT 0125 TRAN 0126 42
11KD043 80.003.0 LONG 0127 VERT 0128 TRAN 0129 43
11KDO44 80.004.0 LONG 0130 VERT 0131 TRAN 0132 44
11KDO45 80.005.0 LONG 0133 VERT 0134 TRAN 0135 45
11KDO46 80.006.0 LONG 0136 VERT 0137 TRAN 0138 46
11KDO47 81.001.0 LONG 0139 VERT 0140 TRAN 0141 47
11KD048 82.001.0 LONG 0142 VERT 0143 TRAN 0144 48
11KDO49 82.002.0 LONG 0145 VERT 0146 TRAN 0147 49
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TABLE I1.VI

CROSS- INDEX OF DATA RECORD FILES WITH
PA, PEAK VELOCITY, PV, PEAK DISPLACEMENT, PD, AND
AND RIGHT, f2, BAND PASS FREQUENCIES (HZ)

PEAK ACCELERATION,

LEFT, f1,

REF.# LOG.#

coMp PA PV
11kD001 67.001.0
LONG  48.939 .54
VERT  17.341 .22
TRAN  15.199 .23
11KD003 67.003.0
LONG 22.424 .64
VERT  39.989 .96
TRAN  23.907 .64
11KDOO5 67.005.0
LONG  33.345 47
VERT  14.469 .23
TRAN  10.285 .12
11KD007 67.007.0
LONG 52.090 1.21
VERT 68.808 2.68
TRAN  34.310 1.56
11KD009 67.009.0
LONG 33.988 1.12
VERT  23.204 51
TRAN  35.551 1.47
11KD011  67.011.0
LONG 21.615 .41
VERT  20.094 .42
TRAN  21.222 .51
11KD013  67.013.0
LONG 19.732 .61
VERT  24.267 49
TRAN  14.660 41
11KD015 67.015.0
LONG  48.000 .
VERT  38.451 1.12
TRAN  25.683 .50
1IKD017 68.001.0
LONG  46.858 1.43
VERT  42.261 .80
TRAN  13.934 .28
11KD019 68.003.0
LONG  16.841 .26
VERT  12.244 .19
TRAN  10.851 .21
11KD021 68.005.0
LONG 8.993 .18
VERT 12.216 .27
TRAN 8.426 .21

PD f1-f2

.02 2.000-25.0
.01 1.600-25.0
.01 2.500-25.0

.04 1.000-25.0
.04 2.500-25.0
.02 1.400-25.0

.01 2.000-25.0
.01 2.500-25.0
.01 2.000-25.0

.03 2.000-25.0
.17 .750-25.0
.08 .950-25.0

.05 1.000-25.0
.03 1.250-25.0
.16 .500-25.0

.01 2.000-25.0
.02 1.200-25.0
.01 1.800-25.0

.02 2.500-25.0
.01 2.000-25.0
.01 2.000-21.5

.03 2.000-25.0
.04 2.000-25.0
.01 1.500-25.0

.07 1.400-25.0
.05 2.000-25.0
.02 2.000-25.0

.03 2.500-25.0
.01 2.000-25.0
.01 3.000-25.0

.01 2.000-25.0
.01 3.500-25.0
.01 1.200-25.0
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REF.# LOG.#
coMp PA PV

11KD002 67.002.0

LONG 160.830 2.88
VERT 60.989 2.36
TRAN  67.200 1.99
11KD004 67.004.0

LONG 13.650 36
VERT  14.019 .39
TRAN  14.119 .62

11KD006 67.006.0
LONG 480.266 19.66
VERT 239.996 14.82
TRAN 371.587 20.89
11KD008 67.008.0

LONG 24.182 1.13
VERT  26.719 .98
TRAN  33.751 1.37
11kD010 67.010.0

LONG  42.674 1.42
VERT  21.443 43
TRAN  18.009 34
11KD012 67.012.0

LONG 22.168 46
VERT  30.038 b
TRAN  22.763 b4
11KD014 67.014.0

LONG  10.943 b
VERT  15.017 .67
TRAN  10.273 .29
11KD016 67.016.0

LONG  26.359 49
VERT  32.249 77
TRAN  35.180 .60
11KD018 68.002.0

LONG 51.373 1.50
VERT  25.246 .33
TRAN  12.315 .34
11KD020 68.004.0

LONG  19.134 .32
VERT  10.894 .62
TRAN 9.909 .24
11KD022 68.006.0

LONG 87.805 3.18
VERT  92.920 5.15
TRAN  46.231 1.18

PD

17
.06
.1

.02
.03
.02

1.34
2.17
3.18

.08
.05
.07

.01
.02
.02

.02
.04
.01

.02
.01
.01

.03
.01
.02

.01
.04
.00

.19
.35
.06

f1-f2

.800-25.0
1.600-25.0
1.100-25.0

1.250-25.0
1.000-25.0
1.400-25.0

.750-25.0
.600-25.0
.400-25.0

.500-25.0
1.250-25.0
1.100-25.0

2.000-25.0
1.500-25.0
1.400-25.0

2.000-25.0
2.000-25.0
1.500-25.0

1.600-25.0
.900-25.0
2.000-25.0

3.500-25.0
2.500-25.0
2.000-25.0

2.000-25.0
2.000-25.0
2.000-25.0

2.500-25.0
2.500-25.0
3.000-25.0

.450-25.0
.400-25.0
.800-25.0



11KD023 68.007.0

LONG 112.990 2.54
VERT  69.992 2.62
TRAN  47.035 2.38

11KD025 69.001.0
LONG  13.151

VERT 8.985
TRAN 9.672
11KD027 70.001.0
LONG 8.532
VERT 9.436
TRAN  12.699
11KD029 70.003.0
LONG  32.515
VERT 19.218
TRAN  29.721

11KDO31 70.005.0

LONG 40.625 1.98

VERT  19.365

TRAN  25.792
11KD033 74.001.0
LONG 21.008
VERT 8.515
TRAN  19.977

11KDO35 74.003.0

LONG 34.508 1.57

VERT  10.404
TRAN  21.642
1IKDO37 76.001.0
LONG 30.682
VERT 7.287

TRAN  24.516
11KDO39 76.003.0
LONG 7.274
VERT  10.603
TRAN  22.908
11KD041 80.001.0

LONG  21.024
VERT  19.639
TRAN  17.752
11KD043 80.003.0
LONG 17.873
VERT  32.474
TRAN  28.972
11KD045 80.005.0
LONG  20.957
VERT  14.222

TRAN  21.508
11KD047  81.001.0
LONG  98.638
VERT  17.789

TRAN  67.553 1.08

11KD049 82.002.0
LONG 9.180
VERT 9.057
TRAN 8.556

.05 1.100-25.0
.02 2.000-25.0
.02 2.000-22.5

.02 1.600-25.0
.01 1.400-25.0
.01 2.000-25.0

.00 2.500-25.0
.01 2.000-25.0
.02 2.000-25.0

.01 2.500-25.0
.03 1.400-25.0
.02 1.400-25.0

.02 2.000-25.0
.04 1.400-25.0
.03 2.000-25.0

.03 2.000-25.0
.02 2.500-22.5
.05 1.250-25.0

.04 1.400-25.0
.02 1.400-25.0
.07 1.000-25.0

.04 1.100-25.0
.03 1.000-25.0

11KD024 68.008.0

LONG 75.462 2.52
VERT  67.198 2.98
TRAN  45.338 1.84
11KD026 69.002.0

LONG 86.591 2.81
VERT  40.554 1.80
TRAN  43.219 1.61
11KD028 70.002.0

LONG  53.743 .72

© VERT  18.330 41

TRAN 68,478 .99
11KD030 70.004.0

LONG  24.953 .27
VERT  15.661 27
TRAN  26.194 .57
11KD032 71.001.0

LONG 21.478 .39
VERT  15.496 .39
TRAN  14.738 46
11KD034  74.002.0

LONG 31.131 1.09
VERT  11.726 .26
TRAN  16.169 .34
11KD036 75.001.0

LONG 17.498 .58
VERT 8.781 .28
TRAN  15.904 .36
11KD038 76.002.0

LONG 47.915 1.58
VERT  26.253 .61
TRAN  31.413 .7
11KD040 77.001.0

LONG 28.383 .86
VERT  13.762 .25
TRAN  19.483 .72
11KD042 80.002.0

LONG  31.489 .69
VERT  42.568 .86
TRAN  19.760 .66
11KD044 80.004.0

LONG 11.366 .29

" VERT  12.368 .35

TRAN  24.015 .59
11KD046 80.006.0

LONG  44.701 .80
VERT 9.108 .21
TRAN  11.505 .22
11KD048 82.001.0

LONG 28.708 1.01
VERT  9.689 .35
TRAN  11.987 A

.11 1.500-25.0
.06 1.250-25.0

.02 3.000-25.0
.00 2.500-25.0
.03 1.300-25.0

.01 1.100-25.0
.02 1.000-25.0
.02 2.000-25.0

.02 2.000-25.0
.01 3.000-25.0
.02 1.500-25.0

.04 1.400-25.0
.01 2.000-25.0
.02 1.400-25.0

.02 1.000-25.0
.02 1.000-25.0
.01 3.000-25.0

.08 2.000-23.5
.03 3.500-25.0
.03 1.600-25.0

.06 1.100-25.0
.01 2.000-25.0
.02 2.000-25.0

.02 2.000-25.0
.03 2.000-25.0
.03 2.000-25.0

.02 2.500-25.0
.03 1.000-25.0
.03 2.000-25.0

.02 2.500-25.0
.01 2.000-25.0
.01 2.000-25.0

.03 2.000-25.0
.02 2.000-25.0
.01 1.800-25.0
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the data base. This table also represents a list of records ordered in chronological order.
Table ILIII is a list of recording sites that contributed to this database, which in this
case are 6 instruments at various locations in the dam. Table ILIV is a list of records
by Ref.#. From left to right, the columns of this table correspond to the record Ref.#,
the Log.#, and the location of the station.

Table IL.V is a list of components for each record, ordered with respect to increasing
Ref.#, and the file number where that components is stored. Table II.VI presents a
list of all the recorded peak ground accelerations (cm/sec /sec), velocities (cm/sec) and
displacements (cm). The Ref.#, the Log.# and the names of the components are given
for each record. The records are ordered with increasing Ref.#. The component names
are LONG, VERT or TRAN. The component orientation in degrees is not available for
any of the stations.

For visualization of the distribution of data, histograms are presented of the distri-
bution of recorded earthquakes versus time (Fig.IL1a), magnitude (Fig.IL.1b), Modified
Mercalli Intensity (Fig.IL.1c), and depth (Fig.Il.2a), the distribution of records versus
hypocentral distance (Fig.I1.2b) and azimuth (Fig.IL.2c), and the distribution of recorded
components versus peak ground acceleration (Fig.I1.3a), velocity (Fig.IL.3b) and displace-
ment (Fig.IL.3c).

Appendix A contains plots of corrected accelerations (Volume II), and of Fourier
and response response spectra (Volume III) for all the records, arranged in chronological
order (as in Tables ILI and ILII).

I1.2 Processing of the Accelerograms

For processing of an accelerogram and to apply various corrections, it is necessary
to digitize the analog record to get the data on a computer. For this purpose we have
used a Hewlett Packard 9874 A semi-automatic digitizer. Its digitizing table has an active
area of 315 mm X 435 mm, and its maximum resolution is 25 pum. The record to be
digitized is fixed on the digitizing table and a cursor with a cross-hair is manually set at
different points on the record trace. The cursor has a switch, which when pressed, the X
and Y coordinates of each point are stored in a disk file on the HP-1000 mini-computer.

The Koyna accelerograms are of two types; viz., the AR-240 accelerograph records
on 12” photographic paper and the RFT-250 accelerograph records on 70 mm film. The
AR-240 records have been digitized directly, and about five times enlarged photographs
were prepared from 70 mm film records for their digitization. A length of about 21.5
sec of the AR-240 record and a length of about 17.0 sec of the five times enlarged 70
mm film record can be digitized in one position without moving the record. It is seen
that, in general, the Koyna accelerograms are of short durations with very small strong-
motion portions. All the selected accelerograms could therefore be digitized in one
position only. For each of the records selected for the processing, we have digitized three
acceleration traces corresponding to three components of ground motions, three fixed
traces for the three acceleration components, and one-time mark trace. The digitization
of the accelerograms is performed on an unequal time basis to ensure the best definition
of the records by digitized points. To check the accuracy of digitization, a computer
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Fig. Il.4a The mean and mean plus one standard deviation of smoothed noise
Fourier spectra for the HP9874A digitizer used in processing of the presented data.
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Fig. I.4b The mean and mean plus one standard deviation of smoothed noise PSV
spectra for the HP9874A digitizer used in processing of the presented data.
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plot of the digitized data was taken on the same scale as the original record, and it was
superimposed on the original record to find out any errors in the digitization.

From the digitized time marks, average distance between two successive time marks
is evaluated and this is used to scale the digitized X coordinates of all the traces to units
of time in seconds. The fixed traces are smoothed and subtracted from the respective
acceleration traces to remove any slight rotation of a record in placing it on the digitizing
table. The zero axis of an acceleration trace is chosen as a line which makes the mean
amplitude as zero, and the Y coordinates are then scaled to the units of acceleration in
cm/sec/sec, by considering the photographic enlargement, if any, and the sensitivity of
the instrument as specified by the manufacturer. This provides the basic raw digitized
data for further processing.

To find the amplitude and frequency range in which the digitized accelerograms
provide accurate representation of the ground motion, it is necessary to know the noise
characteristics of the overall digitization process. The amplitudes of this noise depend
mostly on the resolution of the digitizing equipment and on the quality of the record
trace. The mean and mean plus one standard deviation of smoothed noise Fourier and
PSV spectra for the HP9874A digitizer, used in the processing of the presented data,
are shown in Figure II.4ab. These are evaluated by digitizing a thin straight line as zero
acceleration record (Trifunac, 1976). The results of the present processing are computed
with variable frequency bands to maintain the signal to noise ratio greater than one.

The raw digitized and scaled accelerograms have been processed to apply the cor-
rections for the instrument frequency response and the baseline distortions, and were
integrated to get the velocity and displacement data. The Fourier and the Response
spectra of the corrected accelerograms have been computed using and approach based
on the exact analytical solution of the Duhamel integral for successive linear segments of
the accelerograms (Nigam and Jennings, 1968). For applying the instrument correction,
the natural frequency, fy, and the damping ratio, ¢, of each accelerograph transducer
are determined from the calibration tests. However, for some of the cases, where the
calibration signals were not available, we have used the nominal values of fnv and ¢, as
given in the specifications. The baseline adjustments are performed by using the method
of Trifunac (1971).

With some minor modifications, the computer programs used for the present anal-
ysis are the same as in Trifunac and Lee (1973). The later improvements in the data
processing are only related to using better digitizing facilities (Trifunac and Lee, 1979)
and more accurate and efficient digital signal processing techniques (Lee and Trifunac,
1984; Lee, 1984). The method of analysis has changed little from that of Trifunac and
Lee (1973). Thus the presented data are uniform (Trifunac and Lee, 1978) with the
results of all the EQINFOS past and future analyses.
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APPENDIX A

This appendix contains plots of corrected accelerations (Volume II), and of
Fourier and response spectra (Volume III) for all the records, arranged in chronolog-
ical order (as in Tables ILI and ILII).

Each of the Volume II plots presents acceleration (as a fraction of G/10, G is
the acceleration due to gravity) plotted versus time in [sec]. The text above each plot
contains information about the earthquake name, date, time and magnitude (M), the
station location and the epicentral distance (D) in [km]. Also, for each recorded compo-
nent of motion, the orientation and the absolute value of the peak ground acceleration
(as a fraction of G) are shown.

Each of the Volume III plots contains Fourier (the dashed line) and response
spectra (the solid lines) for five values of the damping ratio (0, 2, 5, 10 and 20% of
critical), for a recorded component of motion. On the x-axis is the period in [sec], and
on the y-axis are the PSV spectral amplitudes in [in/sec]. On the axes at 45° and 135°,
the displacement spectral amplitudes (SD) in [in] and the pseudo acceleration spectral
amplitudes, expressed as a fraction of G, can be read.
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Acceleration - g/10
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- 3k 3F E
2 Loralun Lol |: tlnnl SN ER T S | ] 3 Ll L tnnl bl 1 -
107 1101 l 11 l 110 BT Y 0 i 1 10

Period - sec
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10

10

16>

10

PSV, FS(---) - cm/sec

—
<

10

10



KOYNA DAM EARTHQUAKE #17, INDIA FEB 14, 1968 -0916 IST
IIKDO019 68.003.0 KOYNA DAM, SHEAR ZONE GALLERY, MAH., INDIA

.s5C M=3.60 D= 8.8km LONG .017g ]
1) TR _
S l 1 | | ]
N VERT .010g -
0 Wi _
S | | | 1 7
=S TRAN .011g
0 W H
S | l | | 7

0 5 10 15 20 25

KOYNA DAM EARTHQUAKE #18, INDIA MAR 4, 1968 -2136 IST
IIKD020 68.004.0 KOYNA DAM, SHEAR ZONE GALLERY, MAH, INDIA
-5 M=420 D= 4.7km LONG .020g -
o OE" =
o _]
? S | | | l ]
L -5 VERT .011g -
5 _
- ]
S .5 l | l l N
i)

g -5 TRAN .010g -
< 0 -
3 | | | ! -

0 5 10 15 20 25

KOYNA DAM EARTHQUAKE #18, INDIA MAR 4, 1968 -2136 IST

IIKD021 68.005.0 KOYNA DAM, 1A GALLERY, MAH,, INDIA _
_sE M=4.20 D= 4.7km LONG .009g -
0 pprsmmsmssmmee 7
S | l l | ]
S VERT .012g —
S | | | | ]
-SH TRAN .009g -
(] T T :
S | | | 1 7

0 5 10 15 20 25

Time - seconds
39



KOYNA DAM EARTHQUAKE #17, INDIA FEB 14, 1968 -0916 IST
IIIKDO019 68.003.0 KOYNA DAM, SHEAR ZONE GALLERY, MAH., INDIA
LONG VERT TRAN

__'l”“l T 1771 llll] T l[lll|| __—_ l|l|ll| T IIIIII| T 17 LRALI IE I|HH' LR l[llll[ LI Hll] IE
1 E E:‘ E':' E
10" E £ E 3 f
107 £ ] 3 E = E
103 Ll Lol Loyl |:-1||n|l ISR AT Lo drnl 1—- Lol Lol I REYI l-:-
10" 1 10 10" 1 10 10" 1 10
KOYNA DAM EARTHQUAKE #18, INDIA MAR 4, 1968 -2136 IST
IIIKD020 68.004.0 KOYNA DAM, SHEAR ZONE GALLERY, MAH., INDIA
LONG VERT TRAN 10
Slllll] T ll|||l|| 1 l|[llll| IE IIHIII T ll]llll' LI l]llll] E l[llll[ T l[lllll L llllll[ E
ol £ E:‘ EE‘ ]
2 E 2 3 |
g f 3t 3t
’T'\lol 3 ] 3 i 3 E
= [ £l El E
> 10" 4i3 1k ]
A F dF JAF J
163 [HERNT R o1l |q Ll ISR Lt |1 clanl Lo 1ol |-
10" 1 10 10" 1 10 16" 1 10
KOYNA DAM EARTHQUAKE #02, INDIA SEP 13, 1967 -0623 IST
IIIKDO021 68.005.0 KOYNA DAM, SHEAR ZONE GALLERY, MAH.,, INDIA
LONG VERT TRAN 10
IlHlll T ll]llll] T Il]llll] E I[lHI[ T lI]IllI] T llllll[ IE"]I””' T l[llll[ T l[llll] E
1 e E 3 E 3 E
10' L
1’ 3 E 3 E E 1
3‘| Lild IR ol 13—1 il Lol rora bl |E;lunl Lol Lol 1-:-
107 1'0‘ | 1l 0 T Y “0 10" 1 10

Period - sec

40
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KOYNA DAM EARTHQUAKE #19, INDIA OCT 29, 1968 -1000 IST
IIKD022 68.006.0 KOYNA DAM 1A GALLERY, MAH INDIA

-1 M=5.20 D=59m "1 NG 090g

0 —

1 ' 1 ]

-1 VERT .095g -

0 —

1 | | l N

-1 TRAN .047g

0 -

1 | 1 ]
15 20 25

KOYNA DAM EARTHQUAKE #19, INDIA OCT 29, 1968 -1000 IST

IIKD023 68.007.0 KOYNA DAM, SHEAR ZONE GALLERY MAH,, INDIA _

-1 M=320 D=3Skm 1 6NG 115 -

o 0 .
S _
aj 1 | | | | ]
= -1 VERT .071g -
g _
E O@W‘”’W‘"‘M ]
—§ 1 | | | | ]

Q

8 -1 TRAN .048g -
R U PP VU ]
1 | | | | N

0 5 10 15 20 25

KOYNA DAM EARTHQUAKE #19, INDIA OCT 29, 1968 -1000 IST
IIKD024 68.008.0 KOYNA DAM, DOWNSTREAM OBS MAH.,, INDIA

-1 M=320 D=3%km 1 ONG .077g -
0 .
1 | | | l ]
-1 VERT .069g -
0 7
1 | | | | N
-1 TRAN .046g -
0 7
1 | | t | N

0 5 10 15 20 25

Time - seconds
41



10

10

LONG

KOYNA DAM EARTHQUAKE #19, INDIA OCT 29, 1968 -1000 IST
IIIKDO022 68.006.0 KOYNA DAM, 1A GALLERY, MAH., INDIA

VERT

TRAN

NS, N A B AA01

——

LR LLLL

MR

T T 71777

Lot

T T TTTT

R RTTT]

1 inl

T T 7T

1l

111

T

LR RLLLI

LD BLALL LGS RALLI LIRRRALI

T R R AT S B NN AT
T T T T T Ty

T 7T I—I'll_lll

tadaind

RSN

oo Lo dnnl 1

11t Lol

INRIT

Latainl

SRR Lol 1

10"

1

10

10"

VERT

1 10 10°

KOYNA DAM EARTHQUAKE #19, INDIA OCT 29, 1968 -1000 IST
IIIKD023 68.007.0 KOYNA DAM, SHEAR ZONE GALLERY, MAH.,, INDIA

LONG

TRAN

1 10

IREALL]

LB REL

T TTTTT

LR RLLLI

Lol

T T 11T

Loyl

T

il

T T 11T

1ol

il

L]

T T 11T

LR RARLI

T T TTTTT0 T T TTTTI T

AL

gl oy sy tint
LA A S S N MR L L N R AR

il

Pl Ll 1 Lol

T T TTTTI] LG RALL T

MR ERTT 1ottt Lo r iy

Lt

Lo Lot 1

10'

LONG

1

10

10"

1 10 10"

1 10

KOYNA DAM EARTHQUAKE #19, INDIA OCT 29, 1968 -1000 IST
IIIKD024 68.008.0 KOYNA DAM, DOWNSTREAM OBS., MAH., INDIA

VERT

TRAN

TTTTTT

LU LLAAL oy

L1l

T TTTTT

ol

LD RLAL

N

Lol [N NETTI

111

e taiad

LRRARL

IR ARLL LB RAAL

T T 17T

tinnl

rrrrrmy T T Ty T

ot Ll ot
LR B RAALH T T 111y T

T T TT7T1T]

patgind

Lol Lot g 1l

T T T T 77T T
I !

Lol [N RTA

1 11

1l

bl o 1

10"

1

10

10

1 10 16"

Period - sec
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Acceleration - g/10

]
h o h h o h h o

o

KOYNA DAM EARTHQUAKE #20, INDIA JUN 27, 1969 -2005 IST
IIKD025 69.001.0 KOYNA DAM, 1A GALLERY, MAH., INDIA

KOYNA DAM EARTHQUAKE #22, INDIA JAN 1, 1970 -2230 IST
IIKD027 70.001.0 KOYNA DAM, 1A GALLERY, MAH., INDIA

s M=3.90 D= 1.8km LONG .013g 7]
S l | | l 7
S VERT .009g -
0 frmtds s Ao e _
S | | | | N
S TRAN .010g -
() et igirssimssmmbymdros i b sty A —
St | | | l ]

0 5 10 15 20 25

KOYNA DAM EARTHQUAKE #21, INDIA JUN 27, 1969 -2005 IST

- IIKD026 69.002.0 KOYNA DAM, 1A GALLERY, MAH., INDIA _
0 WW )
1- ! I | I 7
1~ VERT .041g -
O oW -
1- l | l | 7

— TRAN .044g
1 l | | l a
0 5 10 15 20 25

E M=4.30 D= 8.4km LONG .009g _:_
v e b e A A Aot A -
- : ! : ' .
: VERT .010g N
PRIt b r st Ay -
- TRAN .013g _
: 5 L r 20 25

Time - seconds
43



LONG

KOYNA DAM EARTHQUAKE #20, INDIA JUN 27, 1969 -2005 IST
IIIKDO025 69.001.0 KOYNA DAM, 1A GALLERY, MAH., INDIA

VERT

TRAN

_l)llll[ LR ”U[ T LRRN| IE _llll”[ 1T Hll] 1T LARRII TE —lllllll T LIS ILILAL T LB RERL IE
1k Eg _:.E' E
10 £ ] = ] 3 ]
16° £ E 3 E = E
103 ril Lol BRI IE il Lol Lol 1: 1l AR ot IE
10" 1 10 10" 1 10 16" 1 10
KOYNA DAM EARTHQUAKE #21, INDIA JUN 27, 1969 -2005 IST
NIKD026 69.002.0 KOYNA DAM, 1A GALLERY, MAH,, INDIA
LONG VERT TRAN
Illlll[ L IIHII| 1 ll[llll[ IE llllll] T ll]llll] T Illllll[ IEP-'I””' T llll”[ 1T llll] |E
Q 10 £ E = E:— E
8 E 3 3
= 3 3
' B ar ar .
1 E 1 1 i
<+ F JF JF -
2 I [l a
5; 10' 1E 1E i
& F JF R .
. £l 3 3
162 Lol Lol Lol |: Q1 o tuyl ror ol |: 1l Lo el Lol x:
10" 1 10 10" 1 10 10" 1 10
KOYNA DAM EARTHQUAKE #22, INDIA JAN 1, 1970 -2230 IST
IIIKDO027 70.001.0 KOYNA DAM, 1A GALLERY, MAH., INDIA
LONG VERT TRAN
_l]llll] L I[llH] T llllllll E _l|||ll] LI IIIIII| T Illllll[ E LR RARLI T LIS RAALI T llllll[ [E
1 E E E E 3 E
10" L E; E;‘ E
16" E=’ E.’—.‘ E
3 2 3
103 Lol Lol Lol l—‘ Lol AR roa bl 1: Ll roa el ot 1:

10"

1

10

100

1 10

Period - sec

44
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Acceleration - g/10

KOYNA DAM EARTHQUAKE #23, INDIA MAY 27, 1970 -1245 IST
IIKD028 70.002.0 KOYNA DAM, DOWNSTREAM OBS., MAH., INDIA

Time - seconds
45

s M=4.40 D=11.3km LONG .055g E
0 -
S | | | | 7
S VERT .019g -
0 ppsencn - Z
S | | | | N
S —! TRAN .070g -
O —
S l l I I n
0 5 10 15 20 25
KOYNA DAM EARTHQUAKE #24, INDIA JUN 17, 1970 -0648 IST
IIKD029 70.003.0 KOYNA DAM, 1A GALLE}}%, MAH., INDIA _
5 M=3.60 D=??2?km LONG .027g —
0 —]
S I l l l ]
S VERT .020g -
0 —
S | | ! l N
S TRAN .019g -
O Iratsnrstimmtehesbossbasthmaritosabot et ]
S ! L | l a
0 5 10 15 20 25
KOYNA DAM EARTHQUAKE #24, INDIA JUN 17, 1970 -0648 IST
_ IIKDO030 70.004.0 KOYNA DAM, SHEAR ZONE q}%LERY, MAH., INDIA
s M=3.60 D=????km LONG .025¢
S | | | | ]
S - VERT .016g -
OE"MWP 7]
> 1 | I | N
5 TRAN .027g
0 .
] l | | | )
0 5 10 15 20 25



PSV, FS(---) - in/sec

KOYNA DAM EARTHQUAKE #23, INDIA MAY 27, 1970 -1245 IST
IIIKD028 70.002.0 KOYNA DAM, DOWNSTREAM OBS., MAH., INDIA

LONG VERT TRAN
IIHII| T Illllll[ L |]l|”] :—: I|ll||| T ll||||I| T LSS LA IE_ RARLI LB LLLL} T 11 LRRLI IE
"Illlll| Lol roer il ! -IIIIII| R AR T IE-lllllll RN ol n':‘
16" 1 10 16" 1 10 10" 1 10
KOYNA DAM EARTHQUAKE #24, INDIA JUN 17, 1970 -0648 IST
OIKDO029 70.003.0 KOYNA DAM, 1A GALLERY, MAH., INDIA
LONG VERT TRAN
h_llllll[ T ll]llll| T T Illlll[ 'E._"””' T ll||lll| T l]]ll“] IE_IIIIHI T IIYIII] T 1T ll”[ IE
~|||m| ro et Lol 1— Ll et Lol |E—|14n|l Lol Lol |:1
167 1 10 10" 1 10 10° 1 10
KOYNA DAM EARTHQUAKE #24, INDIA JUN 17, 1970 -0648 IST
IIIKDO030 70.004.0 KOYNA DAM, SHEAR ZONE GALLERY, MAH., INDIA
LONG V1ERT TRAN
LERRRLI T T I|II”] T l[lIII| T _l Tlll[ L |[ll|l| T L RARLI T _I[llll] LU I|llll‘ T ||IHI| T

i1 e

UL RAALI

Lol

T T TTTII
o tnl

LI RAALI

el

ot 1

Pl (RN

LB RRLLH

T T TTTTI

Ty

[ NN

el il
T T T T TT7Tm

T T TTTTI7

Lt

Lol !

L Lol

Ll

SR

ol

Loy daind BRI

1yl

L baind

10" 1

10

10" 1

10

Period - sec

46
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Acceleration - g/10

KOYNA DAM EARTHQUAKE #25, INDIA SEP 26, 1970 -1636 IST
IIKDO031 70.005.0 KOYNA DAM, 1A GALLERY, MAH INDIA

Time - seconds
47

5 M=4.40 D=11.0km LONG .041g 7
0 _
3 | | | | N
3 VERT .020g
0 _
S | 1 1 | ]
] TRAN .026g -
0 —]
o] | | | L n
0 5 10 15 20 25
KOYNA DAM EARTHQUAKE #26, INDIA FEB 14, 1971 -0130 IST
IIKD032 71.001.0 KOYNA DAM 1A GALLERY, MAH INDIA _
s M=420 D= 9.2km LONG .022¢
(] S VRN PR — -
S | l | | ]
S VERT .016g -
O proerokimripra sl rimans ot poncre —
S | | | | |
Sk TRAN .015g
L -
S ; 1 | 1 ]
0 5 10 15 20 25
KOYNA DAM EARTHQUAKE #27, INDIA FEB 17, 1974 -1406 IST
_ IIKDO033 74.001.0 KOYNA DAM, TOP %117), MAH., INDIA _
sE M=4.70 D=16.5km LONG .021g -
0 WWMMWMM —
S | | | | _
S VERT .009g
O ~ - —
S | I 1 1 il
S - TRAN .020g -
OE‘*‘*M’*W _
S | | | | ]
0 5 10 15 20 25



PSV, FS(---) - in/sec

KOYNA DAM EARTHQUAKE #25, INDIA SEP 26, 1970 -1636 IST
IIIKDO031 70.005.0 KOYNA DAM, 1A GALLERY, MAH., INDIA
LONG VERT TRAN

b_IIIIIII T 1T LU RALLU] T LR RRAL LU RAAL T 17 T T

LR RLLALLI LOLBL AL LRI RALL] T

T

1ot
BT
T

T T 1777
Loarlen

IR RRALI
LI BLALLL

L1 iinl
Lt il
Lo beinl

T T TTTIY
tainl
T T T
1einl
T T TTTI
tirnl

T TTTTTI
{11

T T TTTTT
11

T T 17T
11

21 bl

Latrind

bl

(W NIRRT ol 1 Ll ro gl il 1 L1l e ol 1

10" 1 10 10° 1 10 10" 1 10

KOYNA DAM EARTHQUAKE #26, INDIA FEB 14, 1971 -0130IST
NIKDO032 71.001.0 KOYNA DAM, 1A GALLERY, MAH., INDIA
LONG VERT TRAN

TTTTT IORILBRALUI T T 11771 L

LIRRARLI LA RLLLL LIS RALLLH T L RARLI T T T7TT] T T T T
-

T

T

Lot lern
1oLl
IR ETIT

T T TTTITT
T T 7T

T T 177

T T 77T
el e tnl
T T TTTT0
peapl 1o gl
T T TTT7TT
Ll 1 tiinl

T 17T
1y

T T TTTT
11

T T T
TN

pdrind

pdinl
patnl

il Cora ol Lol 1 Ll el ol 1 il Lo tanl Cor ol !

10" 1 10 10" 1 10 10° 1 10
KOYNA DAM EARTHQUAKE #27, INDIA FEB 17, 1974 -1406 IST
IIIKDO033 74.001.0 KOYNA DAM, TOP (M17), MAH., INDIA
LONG VERT TRAN

LRRRALI LS RALLI LR RLLLI U _I|IIH[ T T TTTTT SLRD RLAL! T

I RRRL T T 17T LU BRALI T

Lo idnng
Il
Lo adin

T TTTI
T T TTTT

1ol
Lol
po1oereenl

T T 77T
Lol

T T TTT7

teiel

tiinl
T

[
TN

[
T

[
TN

IBRERARLL
IBREEERIL

LR RLLLI

g1 dainl
ot
i rend

Ll Lot Lot 1 Ll Lol Ll 1 Ll Lo bl Lo )

10" 1 10 10" 1 10 10 1 10

Period - sec
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Acceleration - g/10

h o lhh lh o h h ©

h © bhh th ©o h h o

KOYNA DAM EARTHQUAKE #28, INDIA MAY 29, 1974 -1826 IST
IIKD034 74.002.0 KOYNA D%M,;I;(())P M17), MAH., INDIA
=3. =10.8km

- LONG .032g
[ I | l l )
~ VERT .012g -
Viprs -
— | | | | 7
~ TRAN .016g 7
WMMM«V\M -
C 1 | | | ]
0 5 10 15 20 25

KOYNA DAM EARTHQUAKE #29, INDIA JUL 29, 1974 -2317 IST
IIKD035 74.003.0 KOYNA DAM, TOP %'Il 7), MAH., INDIA
M=4.30 D= 8.4km

KOYNA DAM EARTHQUAKE #30, INDIA SEP 2, 1975 -2317 IST
IIKD036 75.001.0 KOYNA DAM, TOP %I%W’ INDIA

Sk LONG .035g
0 %MMMNMMMMMMMAMM —
S | 1 | L |
S VERT .011g -
O Hrysishommms - —
S | | 1 1 |
S TRAN .022g -]
O AT AN ot rmnnne —
St | 5 | | ]
0 5 10 15 20 25

- M=4.00 LONG .018g -
MMNW\Nwwwva —
— | | l l ]
- VERT .009g -]
WNWMW —
[ l ] | | ]
- TRAN .016g
WM :
N : 1 | | N
0 5 10 15 20 25

Time - seconds
49



10

—
o

LR RAALI

PSV, FS(---) - in/sec

10

LONG

KOYNA DAM EARTHQUAKE #28, INDIA MAY 29, 1974 -1826 IST
IIIKDO034 74.002.0 KOYNA DAM, TOP (M17), MAH., INDIA
TRAN

VERT

RRARAL]

RELLRALLL] T rrrrmy

T T 17T LGB RLLLI T

IR RAALI

(BRI

T T TTTT

11t inl

1l
T T T

T TTTTTI

titnl

11l Lol L:I ol

LS AL S G B RLLL]

el Lol

Lo
LI RALL

Lol

radaul

TTTTT

T T 11T

T T 17T

g1l

LS RALUI IO RLALI T

1oat gl [ ST

L1

il

il bl 1

10"

LONG

1 10 14"

1

10

10"

1 10

KOYNA DAM EARTHQUAKE #29, INDIA JUL 29, 1974 -2317 IST
IIIKDO035 74.003.0 KOYNA DAM, TOP (M17), MAH., INDIA
TRAN

VERT

ML

LREEN RARL

T T LR LU T

TTTT

[N NN AT
T T T

T T 1117

LIRRALALL

T T TTTT LD RAALI

T

e

L1yl

LIRRAL

TTTTTIT

LB ALLL

LB BALL LRI RLLL| T

(AT

—Jllllll ol Coea bl IE-:“IIII Lol Loy taanl 1E_ll||nl Loyl o rtonl xE
10" 1 10 10" 1 10 16" 1 10
KOYNA DAM EARTHQUAKE #30, INDIA SEP 2, 1975 -2317 IST
IIIKDO036 75.001.0 KOYNA DAM, TOP (M17), MAH., INDIA
LONG VERT TRAN

~l |IRRRLIS

T

T T 1777

T T

T TT7717

Ll

LB AL L RARL T

BT
T

it RN BRI
T T T T T

T~ T 17771

1ttt

Logp il el 1 gl

LD RLLLU TTTT777T

ol Lo il

v tend o rtoin

11l

Lebind

TTTITT

T T 11T

T T T

R ELE AL

Ll

LIRS RLAL LB LLLL T

tiul

111

bt

Lol Lol 1

10°

1 10 10’

1

Period - sec
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Acceleration - g/10

KOYNA DAM EARTHQUAKE #31, INDIA MAR 14, 1976 -0516 IST
IIKD037 76.001.0 KOYNA DAM, TOP M17;, MAH., INDIA
9km

KOYNA DAM EARTHQUAKE #32, INDIA APR 22, 1976 -1046 IST
IIKD038 76.002.0 KOYNA DAM, TOP %’IIZ);’II:I'IDAH., INDIA

5 M=3.90 D= LONG .031g
0 -
S | | | | 7
S VERT .007g
0 I S AN \ A At b g s 1
S | | | | N
S TRAN .016g
O M"\MW-M —
St | | l l 7
0 5 10 15 20 25

Time - seconds
51

5 M=3.80 LONG .049g ]
0 _
S l | l | N
S VERT .027g -
0 _
S I | l l N
S TRAN .032g -]
0 -
S | | | | N

0 5 10 15 20 25

KOYNA DAM EARTHQUAKE #33, INDIA DEC 12, 1976 -0052 IST

_ TIKDO039 76.003.0 KOYNA DAM, DOWNSTREAM OBS., MAH., INDIA _
s M=3.90 D= 2.8km LONG .007g -
0 v _
Sk | l i | N
S5 - VERT .010g
S l | | | ]
5 - TRAN .016g ]
S l | | | ]

0 5 10 15 20 25



KOYNA DAM EARTHQUAKE #31, INDIA MAR 14, 1976 -0516 IST
IIIKD037 76.001.0 KOYNA DAM, TOP (M17), MAH., INDIA
TRAN

LONG VERT
I_IIIIHI T II]lIH] LB BLLALI IE_lllllll T lX|lH|| T ll|l||l[ 'E_ll'”'[ LI Illllll[ T lllllll[ IE 10
1 E E 3 E = E
E 3 ; E ? g1
16* 1L 1L ]
- ] E|| — E -
E 3 E 3 E E 10!
10° L EE E:- E
g 3 g € g o 16°
103 _lllllll rorr el Lol J:_-"l:lllllll Lol Lol 1:-||nnl rotd [ RET 15
10" 1 10 10" 1 10 10" 1 10
KOYNA DAM EARTHQUAKE #32, INDIA APR 22, 1976 -1046 IST
HIKDO038 76.002.0 KOYNA DAM, TOP (M17), MAH., INDIA
LONG , VERT TRAN 2
I[llll[ T l||HI|| T llllllll IE I|ll|l| T ll[llll[ T ll[”ll' l.:_r-"””l | lllllll] 1 lllllll[ IE 10
© 10 & E - . L ]
O E o IE 7]
g r Els Els 510
! £ 1E 1E 7
st el 3F 31
& i =18 JL 3
" oal 3] ] 3
2 e :
A b 3f ar 410
| = 3 =
102 llllllll to il Lo Lrsul l: il oo tnnl Lt bl |: IHEE 1ol Lol 1:
‘ 10" 1 10 10" 1 10 16" 1 10
KOYNA DAM EARTHQUAKE #33, INDIA DEC 12, 1976 -0052 IST
IIIKDO039 76.003.0 KOYNA DAM, DOWNSTREAM OBS., MAH., INDIA
LONG VERT TRAN
BRI T T T T T T Elmana T T T T T T =Ty T T TTTTT] T T TTTTTT ™3 10
1 E E E E E E
? € ? € ? 31
10' £
g | 2F 310
10 = sE = E E E
- 4F iF = 1¢
103 -1|n111 Lot Lot 1':' IR Lot Lol 1: vl ot Loyl 1:

10° 1 10 107 1 10 10" 1 10

Period - sec
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PSV, FS(---) - cm/sec



Acceleration - g/10

R 1
h ol h ohn o

1
h o b h o th h o

KOYNA DAM EARTHQUAKE #34, INDIA SEP 19, 1977 -0003 IST
IIKD040 77.001.0 KOYNA DAM, TOP (M17), MAH., INDIA

KOYNA DAM EARTHQUAKE #35, INDIA SEP 2, 1980 -1639 IST
IIKD042 80.002.0 KOYNA DAM, OPERATION GALLERY, MAH., INDIA

5 - M=4.00 D=13.9km LONG .029g E
0 WWMMWW ]
St | | | I ]
S VERT .014g -
S | | l | 7
5 - TRAN .020g 7
0 M’-WWMWMMMM —
St | | | | N
0 5 10 15 20 25
KOYNA DAM EARTHQUAKE #35, INDIA SEP 2, 1980 -1639 IST
IIKDO041 80.001.0 KOYNA DAM, KIRNOS OBS., MAH., INDIA _
- M=4.30 D=17.9km LONG .021g -
— [ l | l 7
n VERT .020g
MN*W{IM-WMW —
— | | | | N
— TRAN .018g
MM\N‘WW -]
— | | | | ]
0 5 10 15 20 25

W o o E
- , 1 : I -
- | | : I .
- TRAN .020g _
- | l | I >
: 5 L r 20 25

Time - seconds
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KOYNA DAM EARTHQUAKE #34, INDIA SEP 19, 1977 -0003 IST
HIKD040 77.001.0 KOYNA DAM, TOP (M17), MAH., INDIA
TRAN

LONG VERT
I-I|IIII] T T 17Ty T 17T LRALI TE _I|I|l|| LI llll[ 7T llll[ IE _I[lllll T ||llll] T 7T lllllll lE
10 & E 3 E = E
1 & E 3 E 3 E
16" E 3 E 3 E
102 Lyl R NI SR 1: il Lol Lol |: lllllll Ll et l:
10" 1 10 10" 1 10 10° 1 10
KOYNA DAM EARTHQUAKE #35, INDIA SEP 2, 1980-1639 IST
IIIKDO041 80.001.0 KOYNA DAM, KIRNOS OBS., MAH., INDIA
LONG VERT TRAN
_l]]llll T 1 L RARLI LB RAALI IE LR RARLH T 7T rrrmg —TT LRRLI IE _l]l”l[ LD RARL L llllll[ lE
ol F E 3 E':' ]
e E 2 3 ]
g f el et
] B ar ar m
'L 1E 1E i
$oF JE dE 1
20 |} el
> 10" L 1E 1E i
/0] E 1E 1E 7
=¥ - 4F 4F -
103 Ll Lol Lol |j Ll oo Lo bl |E (| SRR Pt IE
10" 1 10 10" 1 10 10" 1 10
KOYNA DAM EARTHQUAKE #35, INDIA SEP 2, 1980 -1639 IST
IIIKDO042 80.002.0 KOYNA DAM, OPERATION GALLERY, MAH., INDIA
LONG VERT TRAN
rl |RRLLII T 7T LI ILLALL LR RAAL) .:.. _llll”] T LI RALALI T L RARL] IE —IIIIIT[ LIRS LLALI T ||IIII| IE
10 & E 3 E 3 E
1 & E E E 3 E
16" E 3 E 3 4E
102 _llun! oo Lol 11 Lol Lot poreinng x: Ll po il o bl |:

10 1 10 10" 1 10 10' 1 10

Period - sec
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Acceleration - g/10

KOYNA DAM EARTHQUAKE #36, INDIA SEP 20, 1980 -0728 IST
IIKDO043 80.003.0 KOYNA DAM, KIRNOS OBS., MAH., INDIA
M=4.70 D=21.4km

Time - seconds
55

S LONG .018g -
0 WMWMMM —
S ! | I | N
S VERT .033g -
0 MWMW’W _
S | I l | 7
S TRAN .030g -
0 MWMMW“% -
S | l | l n
0 5 10 15 20 25
KOYNA DAM EARTHQUAKE #37, INDIA SEP 20, 1980 -1045 IST
_ IIKD044 80.004.0 KOYNA DAM, KIRNOS OBS., MAH., INDIA _
(] SOV T T RN PR —
S 1 | | | 7
S VERT .013g -
(| T TP YT ST —
S | ' | | l 7
S TRAN .024g
0 %memu ~
SE | | | | ]
0 5 10 15 20 25
KOYNA DAM EARTHQUAKE #37, INDIA SEP 20, 1980 -1045 IST
IIKD045 80.005.0 KOYNA DAM, OPERATION GALLERY, MAH., INDIA
0 Py torrmstetmoa~ .
S l | : | ]
5 - ‘ VERT .015g ]
O Pty .
S | | | | ]
SH TRAN .022g -]
0 prthpetmntpmamarac .
St | | | | ]
0 5 10 15 20 25



— — -
oh O«H

PSV, FS(---) - in/sec

b
Q\D

KOYNA DAM EARTHQUAKE #36, INDIA SEP 20, 1980 -0728 IST
IIIKDO043 80.003.0 KOYNA DAM, KIRNOS OBS., MAH,, INDIA

LONG VERT TRAN
_Illl”[ =TT I”l] T ||Il||| T~:- l|ll||[ T l!ll”[ T ll””[ 'E_"””l 1T lllll T Illll IE 10
? E ; € ? 31
: JEf ; : — 16!
= 1E E;‘ 4
- 3 : E 3 5 16°
Lt Lol Lo ol l:_IllIlll 1ol ol Ii-llll!ll Lol AN li
10" 1 10 10" 1 10 10" 1 10
KOYNA DAM EARTHQUAKE #37, INDIA SEP 20, 1980 -1045IST
IIIKD044 80.004.0 KOYNA DAM, KIRNOS OBS., MAH., INDIA
LONG VERT TRAN 10
I[l’ll[ L l]!l”[ L LIS RARLI] E LR RRRLI L l]llll| T LB RN E _l]ll”[ LI LI LRALI 7T l[llll[ IE
: 2 F 4F 31
? =F 4F 410
? E ? = ? E 102
1ul ol il IE—JIIIIH 1ol AR ETIT 1: (W tor el fo bl 1E
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KOYNA DAM EARTHQUAKE #37, INDIA SEP 20, 1980 -1045IST
IIIKDO045 80.005.0 KOYNA DAM, OPERATION GALLERY, MAH., INDIA
LONG VERT TRAN 16%
_llllll] T LB RARLI T IIIIII| IE_IIIIII| T T l|llll| T l]llll| ]E""|l“| LB l”l' LI llllll] E
: =F 4F 310
% ‘:‘? E? 31
3 -45 E Eg E
- E - 3 E\ 3 10’
- 3rp 3r 3
Ll Lol ol 1. |I|||||l Lty bl [ | N EENTY Lo Lol 17

10" 1 10 10" 1 10 10 1 10

Period - sec
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Acceleration - g/10
h o lh h ©o i h o

KOYNA DAM EARTHQUAKE #38, INDIA OCT 26, 1980 -0132 IST
IIKD046 80.006.0 KOYNA D?WMB’I;%P MI‘Q MAH INDIA

KOYNA DAM EARTHQUAKE #40, INDIA APR 25, 1982 -2304 IST
IIKD048 82.001.0 KOYNA DAM TOP (M1 MAH , INDIA

5 LONG .046g
0 _
St | | | l ]
S VERT .009g -
0 P —
St | | | l 7
5 - TRAN .012g 7
O P s -
St | | | l N
0 5 10 15 20 25
KOYNA DAM EARTHQUAKE #39, INDIA JAN 25, 1981 -2030 IST

IIKD047 81.001.0 KOYNA DAM TOP M17? MAH INDIA _
sk M=3.70 LONG .023g -
0 WMM\M‘W -
S l l l l ]
S VERT .018g -
0 FWM —
S | | l | 7
5 TRAN .069g 7
0 ~ —
S | | | I ]

0 5 10 15 20 25

- M=430 D=184km ~ | o 029g ]
— l | | | ]
- VERT .010g
et A A AA A the -
— 1 | 1 ! ]
- TRAN .012g -
o ANV M AN -
— | | u ! ]
0 5 10 15 20 25

Time - seconds
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KOYNA DAM EARTHQUAKE #38, INDIA OCT 26, 1980 -0132 IST

IIIKD046 80.006.0 KOYNA DAM, TOP
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VERT
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TRAN
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KOYNA DAM EARTHQUAKE #39, INDIA JAN 25, 1981 -2030 IST

LONG
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KOYNA DAM EARTHQUAKE #40, INDIA APR 25, 1982 -2304 IST

LONG

VERT

IIIKD048 82.001.0 KOYNA DAM, TOP (M17), MAH., INDIA
TRAN
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Period - sec
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KOYNA DAM EARTHQUAKE #40, INDIA APR 25, 1982 -2304 IST
IIKDO049 82.002.0 KOYNA DAM, SH]}E{AR %(())Ng GAI:tIlEElRY MAH., INDIA
=4, =18

- LONG .009g ]
Pt WA A -
— | | | l ]
~ VERT .009g
e T gV S -
— | 1 | | ]
~ TRAN .009g -
P N\ ANAAA NN NN A -1
— | I l | ]
0 5 10 15 20 25

Time - seconds
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KOYNA DAM EARTHQUAKE #40, INDIA APR 25, 1982 -2304 IST
IIIKD049 82.002.0 KOYNA DAM, SHEAR ZONE GALLERY, MAH., INDIA

LONG VERT TRAN
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