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SHUFFLING OF EARTHQUAKE DATA
A. R. Chandrasekaran* and S. S. Saini**

Synopsis

The wave form of records of strong motion accelerograms are highly irregular. In
order to determine the influence of this irregularity, acceleration ordinates of recorded data
of two accelerograms have been shuffled with respect to time base and spectra as obtained
for these modified earthquakes have been compared with those of original ones. Only for
higher values of damping, there is no appreciable difference in response. The. influence of
shuffling has been determined by comparing the spectral intensities of earthquakes.

Introduction

Verv few records of strong ground motions have so far been obtained. Among the
few, one of the strongest recorded is that of El Centro, May 18, 1940 which had only a  peak
acceleration of 0.33 g. This earthquake had a magnitude of 7.1 and the record was made at
a distance of 30 miles from the epicentre. This record has been used more or less as a
standard for most of the'investigations in *‘Structural Dynamics”. o

Fourier analysis of the recorded accelerograms indicate that these comprise of several
frequency components with highly varying amplitudes®}. The ground motion depends on a
number of factors like the magnitude of the shock, distance from epicentre, the properties of
the medium (which are generally hetrogeneous) through which waves travel and the local
geology. Therefore, the patterns of grouad motion would be varying. In order to determine
the influence of this variation, modifisd earthquakes could be obtained by shufiling recorded
earthquake data and then comparing the modified and original ones.

One of the method of comparing earthquakes is to compare their Fourier Spectra:
However, in ‘Structural Dynamics’, an indirect comparison is usually made by obtaining
response spectra of earthquakes. Response spectra is of direct interest as it is used for design
purposes. - Further, it has been shown that response spectra for zero damping is same as
Fourier Spectra®,

For the modified earthquakes as well as original earthquakes, velocity response spectra
have been obtained for damping values of 0.05, 0.10 and 0.20. Also, spectral intensities have
teen obtained from these response spectra. The results indicate that there is appreciable
difference in spectral intensitiss for small values of damping. :

~The maximum and minimum values of average deviation of spectral intensities of
medified earthquakes from that of original earthquakes are 15.8% and 7.99 respectively.

* Professor, School of Research and Training in Earthquake Engineering, University of Roorkee, U.P.
** 1 ecturer in Civil Engineering, University of Roorkee, Roorkee, U.P,
i Refers 10 serial number of references given at the end-
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Ground Motion Data and Scheme of Shuffling
Two records of earthquake accelerograms that were selected for this study are:
1. El Centro earthquake, May 18, 1940, component N—S.
2. Taft earthquake, July 21, 1952, component N 69 W.

A ground acceleration record is always preferable as it has direct application in
response calculations. Digitalized ground acceleration—time data for the two earthquakes
selected for this study were available. This data has been obtained by approximating each
accelerogram by a series of straight lines: For the purpose of this investigation, the
earthquake data corresponding to the first 7.0 seconds of the earthquakes was used.
Modified earthquakes were obtained by shuffling the earthquake data with respect to time base
in various ways. The original digitalized earthquake data had 120 acceleration-time ordinates.
This was divided into ten equal blocks of twelve ordinates each. Only the acceleration
ordinates were shuffled in various ways while the time ordinates were kept unchan ged. The
arrangement of shuffling the blocks facceleration ordinates only) is indicated in Table 1. ‘

Determination of Response Spectra

Method for evaluation of response spectra are well known® *® and one of them is
briefly summarised below.

For ebtaining linear response spectra. the ground motion is applied to the support of a
linear single degree of freedom system having a concentrated mass, a linear massless spring
and viscous dashpot. The maximum value of the relative displacement of mass with respect
10 the base is known as the spectral displacement (Sq), the maximum relative velocity of mass
with respect to the base is known as the spectral velocity (Sv) and the maximum absolute
acceleration of the mass as the spectral acceleration (Sa) These quantities are approximately
related to each other by simple expressions(®). By evaluating the above spectral values for
various periods and damping, complete response spectra for an earthquake could be obtained.
The equation of motion for a lnear single degree of freedom system subjected to ground

motion is given by
2+ 2pl z+plz =~y w ()

where
z = displacement of mass relative to base.
p = undamped natural frequency of the system
¢ = fraction of critical damping
y == ground displacement

and dots define differentiation w.r.t. time.
Using this notation, we obtain

Zmax = Sg

zmax = S¢

|Z+y ‘ max = Ss



"osmodsal [v1103ds JO UONBUIWISIAP 10) Pasn
Anuabasqns sem ®viwp sIg3 pue spies peyound wo psuieiqo sem soyenbyjres pogipowr asays jo ejep sy

<

sloqunu aooln ppo

£q pamojloj sIsqunu o0[q woAY XI IA A 1III I X IIIA IA Al II S
$Joqmnd Y50[q UAD

4q pamofjoj siequinu Y90[q PPO X IITA TA A1l 1T X1 ITA A 1 I 14

$Y90[q 92IY} 18I )

Aq pamoj[oj $300[q Inoj I[PPIN X XI HIA NI II I IIA IA A Al £
pagnys

§Y00[q 921y3 1s®[ pUR I o) A[uQ  III 11 I TIA 1A A Al ITTA X1 X (4

$390[q jo juomo3ueile pasiondy I IT 11 Al A IA 1A HIA XI' X I

elep [BMSHQ X XI MMIA TIA 1A A Al Im IT | -0

syieway 8jo0[g Jo udwsdurily ‘ON 19§

A. R Chandrasekaran and S: S. Sainis Shuffling of Earthquake Data

Suiynyg jo sway:
1 47dVL



4 Bulletin of the Indian Society of Earthquake Technology

The equation of motion (i) has been solved by using fourth order Runge Kutta
procedure of mumerical integration®,

Discussion of Results

The response has been obtained for two earthquake excitations namely Elcentro and
Taft earthquakes and for various modified earthquakes for specified values of damping and
period: Results have been obtained for various periods of vibration varying over a wide
range from 0.2 sec. to 2.8 sec. The damping values considered are 5%, 109 and 209; of critical
damping. Since the various responses, response spectral displacement Sq, response spectial velo-
city Sv. and response spectral acceleration Sa, are approximately related with one another by,
simple relationships (@, for the purpose of discussion, velocity spectrum values are considered.
These have been presented in the form of curves in figures 1 to 6. Spectrum curves for the
modified earthquakes have been drawn on the same graph as for the original earthquake for
comparison, It is noted that for large values of damping of the order of 0-20, there is no
appreciable difference in response. Also for small values of period of vibration, the difference
in the response is not significant. However for small damping values, the deviation in the

response could be sufficiently significant.
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Spectrum Intensities

The maximum response of structures are indicated by the Sy spectrum curves and,
hence, the area under one of the curves 1s a measure of the intenstiy of the earthquake in the
sense that it expresses the average respoase of structures of that amount of damping over the
range of periods(®. The spectrum intensity may be defined to be the area under the Sy curve

between 0.2 and 2.8 seconds period.
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The spectrum intensities have been obtained for the various cases and are given in
Tables 2 and 3.

From the tfables, it is seen that the maximum and minimum values of the average
deviation of spectral intensities of modified earthquake from that of original ones are respectively
10.29; and 9.8%; for El Centro earthquake and 15.87; and 7.9% for Taft earthquake,

A comparison between EI Centro and Taft earthquakes could be made by scaling up
the acceleration - ordinates of Taft such that the peak ground acceleration has the same
value as that of Bl Centro. The spectral intensities of El Centro and scaled up Taft are given
in Table 4. Tt is seen that the deviation is 13.67; for 59 damping, 13.5% for 109/ damplng
and 10.99; for 209, damping. ,

Keeping Bl Centro earthquake as a standard . it seen that the maximum deviation of
spectral intensities are 13.6% and 10.9%. Thus, if this order of error is permitted, the
spectral intensities are directly function of peak ground acceleration.

Conclusions

The modified earthquakes obtained by shuffling the data of original earthquakes are
slso probable earthquakes as ground motion depends on a number of complex factors. For
emgineering purposes, the best method of evaluating influence of earthquakes is to compare
their response spectra. Spectrum intensities represent the integrated effect of response spectra
over the frequency range of interest. ' ‘ :
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The maximom and minimum values of average deviation of spectral intensities of
modified earthquakes from that of original ones are respectively 10.27; and 9.87 for El Centro
carthquake #rd 15.8% snd 7 9% for Taft earthauake. A comparison has also been made by
scaling up the ordinates of Taft earthauake such that peak grcund a.ccel.eratlon 18
same as that of F) Centro earthquake. Tn this case it is found that the dc?auon in spectral
intensity is 13.69 for 5%/ damping, 13.5%, for 10% damping and 10.9% for 20; damping.

This investigation reveals that spectral intensities are more or less di
to Pf'ak ground acceleration. Keeping El Centro earthquake as a standard,
minimum deviations are 13.6% and 10.9% respectively

rectly proportional
the maximum and
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" TABLE 2
Spectrum Intensities for El Centro Barthquake

o, Slow foemne S e " ‘Doaien
0 579 —_ 474 - 367 —
1 6.82 17.8 5.67 19.7 432 17.7
2 6.07 49 4.75 0.2 3.54 —3.5
3 4.86 —19.2 3.80 —19.8 2.87 —21.8
4 5.08 —12.2 4.15 —12.5 3.30 —10.1
s 3.46 —40.5 2.93. —38.2 244 —33.5
Average Deviation Average Deviation Average Deviation

= —93% o= e 101 | = — 10.2%
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TABLE 3
Spectrum Intensities for Taft Earthquake
Set Not | SIges Percentage Slgo Percentage Sl 2 Percentage
Deviation Deviation Deviation
0 2.43 — 2.00 — 160 —
1 2.03 —16.4 1.72 —14.0 1.35 —15.6
2 2.02 —16.8 1.78 —11.5 1.49 — 6.9
3 2.17 —10.7 1.88 — 6.0 1.54 - 37
4 1.94 —20.1 1.60 —20.0 1.41 —119
5 2.06 —15.2 183 — 8:5 1.58 — 1.2
~ Average Deviation Average Deviation Average Deviation
. = — 15.8% = — 12.0% = — 7.9%
TBALE 4
SI,.0 Perbentagc ST,. Percentage SI,. Percentage
Barthquake " Deviation " Deviation *** " Deviation
El Centro 5.79 - 4,74 - —_ 367 _
Scaled"up ‘
Taft 5.00 13.6 4.10 13.5 3.27 10.9
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A REPORT ON ANANTNAG EARTHQUAKE OF FEBRUARY 20,-- 1967
N. Gosain* and A.S. Arya**
Abstract

The damage to buildings that occurred during the Anantnag earthquake in Kashmir
on Feb. 20, 1967 is reported. An isoseismal map of the affected area is presented using
Modified Mercalli Scale of Intensities. The weaknesses in different types of copstruction
leading to the damages have been rteasoned out and recommendations are made for
improvement of earthquake resistance of the various construction methods.

Past Earthquakes in Kashmir Valley

Kashmir valley has been shaken up convulsively by many earthquakes in the past. It
has been postulated that the high seismic activity in this region is on account of the criss-cross
faults oriented in the N.E. and N. W. directions®, The earliest known evidence of an
earthquake in Kashmir is from Princep’s Tables which mentions a shock that occurred in
the year.1552 ; no other particulars or description is given about this. However, itis
recorded that a latter earthquake which occured on June 22, 1669, was very violent and felt
all over Kashmir ; it lasted all night. The earthquake of 1780 also has been desciibed as
‘severe. Perhaps, the June 6, 1828 earthquake was the severest. About 1200 houses collapsed
and about a 1000 people lost their lives The shock was strong enough to create fissures in

“the ground. The afier shocks lasted for about two months and-there were about - 100 to 200
shocks in a day, each accompanied by an explosion®. The earthquake of May 30, 1885
claimed a heavier toll of property and life—there were about 3000 casualties. This seismic
paroxysm had its epicentre a few miles west of Srinagar and was felt over an area of
28000 sq kms. The main shock was preceded by a fore-shock on May 29, 1835 but the
after-shocks continued for a considerable length of time ; the last shock was reported on
August 16, 1885. This shock also was accompanied by a sound of a ‘‘hundred canons going
off at once”. The area over which the shock was sufficiently severe to do serious damage to
buildings extended frrm the “neighbourhood of Srinagar on the south-east, round a little
north of Sopur, and Baramula down the Jhelum Valley as far as the Fort of Chikar near
Garhi ; the country south of Sopur also suffered as far as Magam (or Margaon) on the road
from Srinagar to Gulmarg”®. :

From 1923 to 1952, Srinagér felt in all 176 shocks usually of slight intensity®. Only
a few of them caused some damage in the form of cracks in the walls of old ‘‘kutcha’ build-
ings. Earthquakes of moderate intensity have been felt on very few occasions. :

On September 2, 1963, the Kashmir valley was shaken up vigorously by an earthquake
of magnitude 5.5 which was felt over an area of approximately 100,000 sq.kms. Oa account
of the shallow focal depth (44km.), the shaking was less intense but it was strong enough to
collapse 2000 village houses mostly of mud construction. About 5000 houses suffered partial
damage. Since the shock occurred during the day time, the loss of life was pot high—only sixty
five deaths were reported. The villages worst affected by this earthquake are situated in Badgam
Tehsil, about 15 to 30 km. from Srinagar. There was no significant fissuring of the ground

“or landslides during the earthquake though isolated failures of potentially unstable slopes were
poted Isoseismals of the 1885 and 1963 earthquakes are shown in Fig. 1.

School of Research and Training in Earthqpake Engineering.
University of Roorkee, Roorkee, U.P., India.

11

*Lecturer,
**Professor and Assistant Director,
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Earthquake of February 20, 1967

The most recent shock occured on February 20, 1967 which shook the entire district of
Anantnag situated in the south eastern portion of the Kashmir valley. The shock was
also felt in the south-eastern section of Srinagar district. As in the earlier shocks, this
quake was also accomparied by a deep rumbling seund which was described as the pealing
of thunder by the local pupulace. : :

The newspaper report from Srinagar, February 20, 1967 as given by P.T.I. in the
Hindustan Times of February 21, 1967 stated that “‘the Kashmir valley was rocked by an
earthquake of medium intensity tonight. Tt was felt here at about 8.50 pm. The quake
~ was followed by a rumbling noise, lasting about 25 seconds......In all about three tremors
were felt at short intervals”. It was also reported that quake of mild intensity rocked
Kapurthala and the Northern region of Jammu at 8.40 p.m. the same day (Statesman,
February 21, 1967) The Indian Fxpress of Februarv 22, 1967 carried the news of February
21, 1967 from Srinagar which mentioned that “the Kashmir valley was rocked by another
earthquake of mild intensity todav, the second sioce vesterday. In Srinagar, the earthquake
was felt at 6.17 p.m. and lasted about 20 seconds. Similar reports have been received from
other parts also. In last night’s earthquake, two houses collapsed in a village in Anantnag
District. about 32 miles from here. Some houses, in Anantnag town also suffered cracks.
No loss of life has been reported so far™. :

The after-shocks continued and the National Herald of February 25, 1967 reported
the news issued from Srinagar on February 22, 1967 that ‘‘over fifty houses collapsed
and another fifty were damaged in the Anantnag District in the Kashmir valley, which
was rocked by earth tremors during the last 38 hours ending at ten this morning, according
to official reports received here to day. The reports said that one person was killed and
another was seriously injured in the house collapses. Over 300 persons, whose houses had
collapsed, are being accommodated in tents”.

“The seismologicai data for the main shock as given by the Indian Meteorological
Department are given below :

No. Station Origin Time Epicentre Magnitude Focal Depth
G.M.T. (USCGS) (USCGS)
h m s
1. New Delhi 15 18 42 33.5°N 5.3 24 km.
‘ : 75.5°E
2. Bombay 15 18 39.9 33.7°N 57 . 24 km.
| 75.5°B \

According to the information received from the Deputy Commissioner, Anantnag(®,
458 villages in the district have been affected. 786. houses have been totally damaged or
are likely to collapse having loss more than Rs.1000.00 each. The number of houses
which have been partially damaged are 24,974. The total amout of cash relief disbursed as
per standing damage list is about Rs. 27 lakhs. Total value of the loss of property is
presumably much more than the amount disbursed for relief measures*.

*This information is not final since evaluation is still going on in the earthquake affected area.
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M.M: Intensity Isoseismals

The places worst affected by the earthquake and their intens‘ity rating based on the
Modified Mercalli Intensity Scale are :— ' \

Place Intensity Approximate

(M. M. S.) Distance from

Epicentre (Km.)
1. Shangus VI 30.3
2. Sop VII 22.6
3. Doru VII 27.4
4, Hutmara Vi 39.5
5. Mattan \'At ' 39.1
6. Anantrag \2! - 40.3
7. Batagund VI 238

The plot of the isoseismals as shown in Fig. 2 is based on field data and on the spot
questioning of the local people after the earthquake. Out of the worst affected places, Shangus,
Hutmara and Mattan lie close to the left bank of the Lidder River; Sop lies on the right
bank of the Bringi River and Doru on the right bank of the River Sandran, a few kilometres
east of the confluence of this river and River Jhelum. Anantnag itself is just a few
kilometres away frcm the right bank of River Jhelum. The damage in these places may be
due to their situation on alluvium beds. Achabal, though it is situated within the triangle
formed by joining Sop, Doru and Anantnag, and is only 34.1 Km. from the Epicentre,
escaped vigorous shaking and had very minor damage. The Modified Mercalli Intensity
value that could be assigned to this place is V. It is thus seen that the isoseismals plotted
are neither circular nor elliptical—they appear to have been greatly influenced by the
geological and soil conditions. Moreover, the instrumental epicentre, 33.5 °N, 75.5°E
(approximately 41 Km. S.E. from Anantnag town) besing near the Marbul Pass in the Pir
Panjal Range of mountains, is a very sparsely populated area with practically no habita-
tion. The absence of dwelling houses and buildings in the epicentral region thus leaves a
void in the isoseismal study. It was fortunate that the epicentral tract was in the desolate
mountains otherwise the damage would have been more itense and the toll of life would
have been larger. This earthquake and the Badgam earthquake of 1962 both were of
magnitude 55. Anantnag shock had a focal depth of 44 Km. However, larger number
of lives were lost then—only one death (in Sop) has been confirmed for this earthquake.
Reports of large scale slumping and fissuring of the earth have not been received, nor were
such phenomena observed in the villages (and their neighbourhood) which suffered the
maximum damage. - There was, however, one instance in which an aimost spherical boulder,
2.0 metres in diameter, rolled down a hillside in the preciocts of the temple at Mattan.
The boulder crashed into the rear wall of the temple ‘‘dharamshala” (Fig.: 3) from a point
cn a hillside about 15 metres away inclined at about 20° to the horizontal (Fig. 4).

Geology of Anantnag District

The Kashmir valley is a tectonic depression filled up with Karewa formations of
Pleistocene to Recent age. These were formed in a sinking lake between two slowly
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rising mountains on either side. The Karewa beds, 1500 metres in thickness, consist of
fine erained sand, loam, sandy clay and gravely conglomerate, with few lignite horizons.

The Karewas, forming flat topped hillocks, plateaus, and terraces, are mostly horizontal and
occur with low dips of 2°to 5°. On the flanks of Pir Panjal, where they are found at
an elevation of about 3450 metres, these rocks are tilted and their dips vary from
2° to 200 awav from the mountains. Dips of over 40° with some folding have also been
reportted recently(®. ‘

Qrivastava - and others(? are tentatively of the opinion that Kashmir valley, which
appears to be a subsided block, has criss-cross faults along N. E.and N. N. W. directions.
These faults appear to be still active and are responsible for the occasional earthquake
shocks in the area.. ' o

Damage fo Buildings

The inherent weaknesses in the buildings and their damage due to the shock will be
better comprehended if an account of the construction practices in vogue is given: It was
reported by Jones® after the Kashmir earthquake of May 30, 1885, that “‘structures
in Kashmir are not of a nature to successfully withstand earthquake shocks, even when
not of any great degree of intensity. In a very considerable number of cases in which huts
were damaged, the supports of the roof had given way leaving only a mass of rubbish to
" indicate where the house had stood”.

Anantnag district is mainly rural and farming is the main occupation. Since there
“has not been a marked improvement in the economic condition of the peasants, in
" general, the style of buildings in the villages still remains almost the same and they are
as susceptible to mild shocks now as they were in 1885. This is the observation made in
the damage survey after the Anantnag earthquake of February 20, 1967, eighty two years
since then. A description of the numerous buildings in Anantnag district and their behaviour
. during the earthquake will be a rather formidable task. A'large number of the buildings
now existing can, however, be classified into five groups. ‘ ’

" Al Traditional Kashmiri Village Hut or “Dhajji-Diwari” construction.
B. Rubble Masonry StfuCtures. o o | |

C “_'f‘all.’St.n’Jctur.e_s.‘ o ‘

D. Brick-Nogged and Woédén Structures.

E

. Modern Corstruction,

" It must’ be. remembered that steel and cement were not easily available in the
olden days, especially so in Kashmir. Even now, they arc pot within ‘easy reach of the
villagers on account of their high cost. In Kashmir, lime is also a rare and an expensive
building material which the majority of the villagers cannot afford. Brick kilns are
scarce too, and as a result, burnt brick houses are rather uncommon. Thus, the use
of the above mentioned building materials is extremely restricted on account of their
high cost, non-availability, and the indigent eondition of . the local populace itself. Houses

5
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Fiz. 3 "Rolled Boulder which crashed into Fig. 4. View of ‘the Hilléida fromm where
Dharam Shala in Mattan. Boulder Rolled Down.

Fig. 5 ‘F‘Dhajji-Diwari” Construction showing Fxg 6 Shoddy éppea{rancc of the Adobe Wallis
the Piers and the Infill. (Not the absence in Mud plaster
of bond between the two).
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Fig. 7. Timber Rakers supporting out of Fig. 8, Close-up of the Damaged Wall shown
Piumb Walls in Fig. 7

Fig. 9. Longitudinal Scction of an Adcbe Pier Fig. 10. Damage of Upper Storey Adobs
Pier and Panel
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are, therefore, constructed mainly of sun-dried bricks (adobe),,stone and timber (“kail”,
“walnut’’, “budloo”, “deodar”, ‘‘sal”)t | 4

(A) “Dhajji-Diwari” Construction :

The traditional Kashmiri house is either single or double storeyed construction usually
with an attic. The distinguishable feature in this is the trabeated structural system comp-
rising of adobe piers and timber beams: The size of the pier varies, depending upon the
situation; the piers in the corners and in the centre of the gable ends are usually about
600 x 600 mm whereas those at intermediate points are about 450 mm X 450 mm. The
centre to centre distance of the piers varies from 1 metre to about 2 metres. These piers
usually rise from. shallow foundations made of rubble masonry bonded with Jime mortar.
Mud mortar is used for the rest of the pier. The space between the piers is built up
with sun-dried bricks bonded with mud mortar and the thickness of such infills may vary
from one brick to two and a half bricks. The upper storey (or the attic) walls are usually
thinper than the ground floor walls. o * ‘

‘The most disappointing characteristic feature of such construction is that no
attempt is made to have a bond between the pier and infill and both are entirely independent
units  This is seen clearly in Fig. 5.

No particular bond is adopted for the masonry work. The masjority of the houses
have walls made monotonously of stretchers (stretcher bond) the headers being provided at
the plinth or lintel level. Sometimes there is a course of headers after every five or six
courses of stretchers (English garden bond). Such bonds are normally recommended for half
or one brick thick walls but are used by the villagers for thicker walls as well. Consequently
the keying of their inner and outer surfaces is usually ignored.

The thickness of the joint varies from 18 mm to 25 mm. In the course of time, the
exposed mud gets washed away by the rain, and wall gives a shoddy appearance as in Fig. 6.
The piers also have a similar construction. ‘

Thus the construction appears to be such that a shock of intensity VI or even V(MMS)
is sufficient to throw the wall out of plumb and even to cause damage beyond repair. | Fig. 7
shows out-of-plumb walls supported by timber rakers. Fig. 8 is a close-up of the *‘dhajji-
diwari” house shown in Fig. 7. The dressed exterior surface of the panelis separated
both from the corner pier and remainder of the wall for lack of proper bond
between themselves. The longitudinal section of an adobe pier is seen in  Fig. 9.
Absence of key stones is very conspicuous. both between the front and rear half of the pier
and between the pier and the wail that has fallen apart altogether. Fig. 10 shows the
damage of an upper storey wali and an adjacent pier. The mud-mortar which merely
peeled off by the shock is seen lying on the floor. Fig. 11 shows the damage of a ground
floor wall, and reveals the muck that is used for coastructing such walls. Diagonal cracks
may also develop in adobe walis bonded with mud mortar as 1n the case of the interior walls
of the residence of the doctors of the Missionary Hospital in Apantnag (Fig. 12).

t Kail (Pinos Excelsa) Moderately durable, easily treatable under open tank process. Fairly good for
permanent structures, '

Walnut (Jugiens) Non-durable and non.treatable wood suitable only for temporary structures,
Budloo Ordinary local wood,

Deodar (Cedrus deodara) Naturally durable soft timber, good permanent construction.

Sal {(Shorea robusta) Naturally durable hard and strong timber, first choice for permanent structures.
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The p‘értiti"on walls are usually brick-nogged, the timber framework consisting of
vertical studs usually I to 1.5 metres and ' horizontal timbers spaced 1 to 2 metres centre to
centre, The cross sectional dimensions of these timbers vary, but are usually 75 x40, 75x 75,

75%100-mm.  The partitions are usually half brick thick and laid in a_stretching bond. No

particular care or precaution is taken to prevent them from getting loose in case there is a
mild tremor: Besides earthquakes, even the constant banging of the doors in the house is
liable to shake the bricks loose and make the partition shaky since a proper bond between
timber and brick is not easily achieved: Fig. 13 shows the brick infill shaken loose from the

timber framework.

~_In ‘“dhajji diwari” construction the storey height usually adopted is about 2.5 metres
to 3.0 metres. The ground floor roof is normally of timber planks carried by timber joists
and borne by main timber beams as shown in Fig. 14. The roof is invariably pitched on
account of the heavy snow fall and rains experienced by the valiey. Besides thatch, birch
bark was also used as a roofing material. Fig. 15 shows a single storeyed *‘dhajji.diwari"
hut with toof coverd with birch bark, a material which has now become obsolste. Timber
tiles are also frequently used and these provide a good architectural finish. These are,
however, expensive and are used in government buildings or in houses of those who are well
off. Those who can afford, now use corrugated galvanised iron sheets as a roof covering
material. The roof may have two types of supporting system !— ' :

(i) It maysimply have a timber log at the ridge running the entire length of the house.
The two ends of the log rest on adobe piers as shown in Fig. 16. Depending upon
the width of the building, there may be more timber logs between the ridge and the
eaves, and each is supported on piers as shown in Figs. 17 and 18. The gables thus
present a pigeon-hole type appearance. o

(iiy The other is a simple truss system having a collar roof, a double strut roof or a king-post

truss. Figs. 19 and 20 show th= arrangement of such trusses and Figs. 6 and 21 show
the gables of houses having such a roofing system:

The trusses are simply nailed on the timber wall plates running over the long walls.
In places where the wall is thin, the wall plates span over the adobe piers. In either case the
wall plates are just held in place by mud mortar. In certain instances it was noted that
there is absolutely no connection between the wall plates in the long and short directions
(Fig. 22). This lapse in coastruction could prove (as it did-in Anantnag earthquake) to be
very costly since the various parts of the attic would vibrate independently rather than as a
single unit in the event of an earthquake shock. Such a behaviour could lead to collapse of
the roof and-endanger the safety of the entire structure. The various elements of the truss are

simply nailed apparently to reduce cost, and none of the better weli known types of joints are
adopted. - - ‘

It was observed that ‘““dhajji-diwaris” having roofing system of type (i) proved more
hazardous than a trussed roof. This would appear to be obvious since the timber logs at
ridge and eaves are supported on isolated adobe piers which experience vigorous shaking
during earthquakes. Their strength in the lateral direction is almost negligibe and these
-are liable to collapse first, bringing down the whole roof along with them. Fig. 23 shows
the collapse of such a house in'Batagund (Isoseismal VI).

The most singular noteworthy feature of a “‘dhajji-diwari” is the embodiment of timber
runners around the entire house, usually at the plinth and roof levels. These are known as
““dassa” in the vernacular language, and provide a means of safety for the structure subjected

Py



Fig:s 11. Damage of Ground Floor Wall Fig. 12. Collapse of Partition Walls of House
made of Adobe, Mud and Muck in Hutmara

Fig. 13. Common Roofing System in a Fig. 14, *“Dhajji-Diwari” with a Birch
“PDhajji-Diwan” : Bark Roof
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Fig 15. Timber Ridge Piece resting on Adobe = Fig. 16. Gable End of a Traditional Kashmiri
Pier at the Gable End “Dhajji-Diwari”

Fig. 17. Gable End of a Traditional Kashmiri Fig. 18. Collar Roof Truss
“Dhajji-Diwari”



Fig. 20. King post Roof Truss of a

“Dhajji-Diwari”

Fig. 21. Wall Plates of Short and Long Walls Fig. 22. Collapse of a “Dhajji-Diwari” in
(Note the absenc: of conn:ct.on betwzen ths 1wo) Batagund with pigeonhole type Gable
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" Fin. 23. “Dhajji-Diwari” construction having Fig. 24. Metal Straps connecting the Long and
Double Timber Runners at the Reof levels. Short Wall Timber Runners at the Corner.
e ¥ @7 L" 'QUN/NER
FRONT £LEvATdn

CONNCI TS
SHORY PIECE
Cwart
. TiMBE
RUNNE;
LONG WALL TIM8:A|
RUNNER -
PLAN

HALVED JoINT

-
' \,«ANNI’C“HN
PIECE
JOINTS FOR CONNECTING

LONG AND SHORT
WALL TiMBER RUNNERS

Fig. 25.

Fig. 26.

Plinth Leve]l Timber Runner encased
.in the Wall.



Fig. 28. Updamaged School ‘Buildin»g in
Batagund in which a large volume of
Timber has beed used.

. 27. Diagonal cracking of interior Sun Dried
Brick Masonry Wall in Mission
Hospital, Anantnag.

. 29. Undamaged ‘“Dhajji-Diwari”’ house in Fig. 30. Block Development Office, Larkipura.
Sop. (Note the large volume of timber
used in the construction).
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Fig. 31. Damage of Random Rubble Fig. 32. Close-up of the Damaged Wall near
Masonry Walls around Windows Corner of Window seen in Fig. 31,
in B. D. O., Shangus. : :

BOND STONE-.‘~7 BOND STOMES.

UNOESIRANLE

DESIRABLE
{a) (b) e}

CROSS SECTION OF DESIRABLE AND UNDESIRABLE RANDOM
RUBBLE MASONRY WALLS

tOFIG. 33

Fig, 34. Verandah of the B.D.O: at Shangus
after the Earthquake.
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to an earthquake shock. Figs. 5, 6, 7, and 24 show these ruaners. The long and short-wall
‘timber runners may be either connected through a metal strap as shown in Fig. 25 or they may
have joints as shown in Fig. 26:

Jomts ip which a metal strap is used in conjunction with a timber connection piece
is obvnously a better joint. Cogeing the timber connecting piece. with the runner will also
be an improvement. Occasionally, two parallel rows of runners are used at a particular
level and at times an additional runner is provided at the lintel level.. Sometimes the runners
may be encased within the wall (Fig. 27). This photograph also serves the purpose of showing
the cross section of the wall which can be seen to consist of brickbats and rubble, packed
between the dressed exterior and interior surfaces with very little mortar to hold them together.
The random rubble portion upto the phnth is also similarly constructed. - No key-stones
are provided between the exterior and interior surfaces. The timber runner is placcd over
the first course of masonry work which is usually of brick on edge.

It has been observed by Jai Krishna and Arya(“) that plinth bands offer very httle help
jn the resistance of earthquake force. Plinth bands become more a part of the plinth rather
than the wall itself particularly at the most critical poiats i.e. the corner of the door openings.

. ‘The timber runners, never-the-less, tie the short wall to the long wall and also bind the pier
and the infill to some extent. Perhaps the greatest advantage gained from such runners is
that they impart ductility to an otherwise very brittle structure  An increase 1n ductility
augments the energy absorbing capacity of the structure, thereby increasing its chances of
survival during the course of an earthquake shock. This was substantiated by the observation
that *dhajji-diwaris’’ in which a larger volume of timber was used (Figs. 28 and 29) were
comparatively safer. Fig. 28 shows a school building in Batagund with a larger number of
windows. The timber framework of the windows and the timber runners appear to have
provided the necessary ductility to the structure since it showed no external signs of distress.
Some partntlon walls inside were, however, shaken loose.

(B) Rubble Masonry Constructlon :

There is no dearth of good bm]dmg stone in Kashmir. However, on account of the
expenditure involved, this has not been exploited fully. Anantnag district has some stone
quarries near Anantnag town itself, A comparatively higher cost discourages the villagers
from using rubble masonry except for the foundation and plinth, and in certain instances for

"the ground floor as well, Governmental bodies have used rubble masonry rather extensively.
It was, however, disappointing to note that in maJorlty of the cases, it is used rather unwisely.
The Block Development offices in various places in the district have an almost similar
construction. The rear view of the Larkipura Block Development Office is given in Fig. 30.
Itisa random rubble construction in mud-mortar, the joints being flush pointed with lime
mortar. Larkipura had an intensity VI and as a result the damage was only slight in this
structure, confinoed mainly to minor cracking of masonry walls mostly near corners of
openings. The Block Development Office at Shangus (Isoseismal VII) was however damaged
beyond repair. The inherent weakness of the masonry wall around and between openings is
clearly highlighted by Fig. 31. A close-up of the damaged portion near the window is shown
in Fig. 32. The interior of the wall is seen to be built up of odd shaped stones and chips with
large voids-between them. Even the mud matrix used could hardly be considered adequate.
The' face stones were found to be placed mostly on edge rather than on their widest bed.
The elementary precaution for random rubble work is to provide bond stones from facing to
the backiog or to see that the face stones tail back sufficiently into the hearting so as to
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create a good tond between the facing, hearting and backing. Sketches giving the desirable
and undesirable types of random rubble masonry work are given in Fig. 33.

The verandah and the interior walls were plastered by lime plaster about 25 mm
thick, This peeled off almost completelv in the entire buiding. Fig. 34 shows the condition
of the verandah of the Shangus Block Development Office.

‘ The office buildine of the Range Officer, Lower Range, at Mattan was also badly
affected and declared un<afe. It has a random rubble construction similar to the masonry
work of B'ock Development Offices: The walls in this structure also were shattered beyond
repair.  At-many places they buleed out due to lack of bond between the facing, hearting and
~ backing From Fig. 35t is to be noted that on account of bulging, there is a difference of

- about 25 mm between the jamb and the window frame.

The desirabilitv of siting the window sufficiently away from the edge, the necessity of
strengthening the wall arourd the opening and having a certain prescribed distance between
two adjacent openings, and the indicpensability of a lintel band to inhibit the development of
diagonal cracks, mav be seen rather clearlv in the cracking pattern of a single storeyed

“random rubble masonrv bhuilding in Mattan (Fig. 36). The separation of the brick masonry

pier at the corner from the wall of the building (Fig. 37) of the Sncial Education Centre at
Mattan, again emphasises the importance of having a bond or a tie bstween the various
elements of a structure. In contradistinction, a coursed rubble masonry construction with a
timber runner at a level sliehtly above the lintel level (Fig. 38) situated at Mir Maldan
remained unscathed. The P. W D. overseer’s house at Verinag (Isoseismal VI) which is a
random rubble masonry structure with a reinforced cement concrete lintel band (Fig. 39),
sustained the shock admirablv. However, the upper storey of the double storeyed Tourists’
Department Dak Bungalow about 20 metres away was considerably damaged, so much so,
that the gable end towards the staircase had to be rebuilt. The triangular space of the gable
of the Government College building at Khanabal was also excessively damaged. The coursed
rubble facing toppled down, exposing an interesting feature used in the construction of walls
about sixty to seventy years back (Fig. 40). Horizontally laid timber boards about 20 mm
thick can be seen after every course. The use of these boards in the construction of walls is
not understandable since thev apparently have no structural function for they cannot
strengthen the walls if arranged as seen in the figure. Damage of the gables in this earthquake
again affirmed their weakness in withstanding an' earthquake shock. It was observed in
this as well as in the past earthquakes that roofs with hipped ends were ‘better and- should be
preferred over gable ends for houses in seism’c zones®). ‘

As in other earthquakes, Apantnag earthquake also damaged numerous chimneys and
produced wide cracks in many arched openings. ‘

(C) Tall Structures :

These are made of burnt bricks or bave ashlar, coursed or random rubble masonry walls
in lime mortar and have three or more than three storeys  Such structures are to be seen
in Anantnag town only. Fig,. 41 skows the shop cum residences in Lal Chowk, the new
commercial centre of Anantnag town. The various buildings butt aganst each other and
are usually three storeys high. A four storey buiiding sitvated a little distance away from
Lal Chowk, has tte ground floor made of ashlar mascnry borded with lime mortar and flush
cement pointing, and the upper storeys made of firstclass burnt bricks :n lime mortar.
Fig. 42 shows the timber runners and tying of the long and short masonry walls by corner
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Fig: 35. Bulging of Random Rubble Masonry Fig. 26.. Diagonal Cracking c;f Rubble Masonry
Walls of the Office of the Range Officer, Walls and Damage around Window opening
Martan. (Note the difference betweea of a House in Mattan,

window frame ard jamb), l

- ' -

87. Separation of the Brick Masonry Corner  Fig. 38, Undamaged Coursed Rubble Masonry
Pier from the Rubble wall. Construction with a Timber Runner
at Lintel level in Mir Maidan.




Fig. 39. Undamaged Random Rubble Masonry Fig. 40. Damag:d Gable End of the
House in Verinag with a Lintel Band Government College Building ia Khanabal,
‘showing the use of Horizontal Timber
Planks in the Walls,

- Fig. 41. Buildings in Lal Chowk, Anantnag, »Fig. 42. Undamaged Four Storey Bulldmg in
which were unaffected by the Earthquake. Anantnag,
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stomes: A seven storey structure with hipped roof covered with corrugated galvanised iron
 sheeting, and a three storeyed building with a birch bark roof are seen in Fig. 43, All these
structures are seen to have the horizontal timber ruaners well connected at ends, and
behaved admirably ‘during the earthquake having very insignificant damage. This good
bebaviour may be attributed to better construction features and also due to the fact that
they are situated in the outer northwestern section of the town which had a lower iatensity.

(D) Brick-Nogged and Wooden Structures :

Since a larger volume of timber has to be used in order to make the wooden frame-
work for a brick-nogged structure, these turn out to be more expensive than the ‘‘dhajji-
diwari” or the rubble masoary construction having timber in the form of runners only. As
such, they have not been used much by the people of Anantnag district. These turned out to
have better performance during earthquakes. A double storey brick-nogged house at Mattan,
- Fig. 44, was quite safe even though the walls were of adobe: In the old section of the
Anantnag town, a brick-nogged mosque (Fig. 45) proved to be invulnerable. The library
building of the Government College at Khanabal which has brick nogged gable in the first
storey (Fig. 46) was also unaffected. The timber beam supporting the balcony of the first
floor traverses over masonry piers having wooden pieces embedded at the top of the piers.
The beam is nailed on to these timber pieces as showa in Fig. 47.

A building (in Mattan) having timber framework and wood=n panelled walls, shown
in Fig. 48, is earthquake resistant on account of its flexibility and ductility. Such structures
are, however, recommended only with trepidation since there is always a danger of fire
following the earthquake. The diagonally arranged wooden planks in the panels increase
the strength of the walls in the horizontal direction.

(BE) Modern Construction :

The spiralling cost of timber has had a marked effect in the building practices in
Kashmir. Besides this, improvement of communications and availability of other building
materials like burnt bricks, lime, cement and steel have also influenced the style of modern
construction. Cement and steel are, however, still expensive. Thus the majority of the
private houses now being constructed have burnt brick masonry walls in lime mortar. The
absence of the timber runners at various levels is very conspicuous. In the new construc-
tion, timber is only used for the trusses. Corrugated galvanised iron sheets are also
replacing the conventional thatch roof. A large number of houses in ‘Nai Basti” (New

Settlement) in Khanabal are of the type shown in Fig. 49. Probably since these structures
were new and Khanabal had only an intensity V, they were not damaged significantly. A
similar new house in Mir Maidan had diagonal cracks as seen in Fig. 50; The walls became
shaky and were thrown out of plumb. How much damage a future shock will do is rather’
conjectural, but it can be put down categorically that such structures are unsafe in an area
which is known to have a high seismic activity. It has been pointed out by Jai Krishna and
Arya® and also by Jai Krishna and Brijesh Chandra®® that in order to make such masonry
structures aseismic, it becomes necessary to strengthen them with a judicious combination of
vertical steel in corners, steel around openings and reinforced cement concrete bands at the
roof and lintel levels. Such a practice has recently been adopted to a large extent in the
seismic zones of north Bengal and Assam(V,

The proposed plans and specifications of Club Building at Anantnag indicate that the

timber runners have been omitted in this public building also: . Its specifications in brief, are
as follows g : ‘
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(i) The foundation -will be of stone masonry in lime mortar over a bed of lime
concrete, : |

. (ii) The masonry work up‘t,o_‘t-he plinth will be of stone bdnd.ed with lime mortar,
‘ dulv dressed and cement pointed: A layer of 50 mm thick cement concrete
(122 :4) will be laid over the floor to act as damp proof course.

(ili) The superstructure will be of brick masonry in lime mortar.

(iv) The roof will have corrugated galvanised iron sheeting over 12 mm thick
“budloo” wood nailed to “kail”” wooden trusses.

, The absence of timber runners or any other bonding arrangement® makes the proposed
construction inadequate for earthquake resistance. o .
.. .. Fig. 51 shows a partially covered timber roof truss of a building under construction
in the newly established [ndustrial Estate in Anantnag: This isa purlin-rafter construction
in which the common rafter is omitted and the roof covering rests directly on the purlins.
The bolted metal strip covers used in conjuction with the splayed joint strengthens the main
tie beam considerably, U-shaed metal straps connect the lower end of the vertical strut to
- tie-beam  and the upper end to the principal rafter; Such straos prevent the
loosening of the joints and tie the various members efficiently. Joints and connections .of
this type, although reasonably good for timber trusses in seismic zones, are rather expensive
and cannot be adopted by the majority of the private house builders of rural Kashmirs

Under such circumstances, nailed, bolted, or disc-dowel joints may be employed effectively
and economically %), ' |

Bond between Old and New Construction

It is necessary that where some alterations have to be done in the existing “structure,
a proper bord shou'd be provided between the old and new construction. This will ensure
that the latter built up portion does not fall apart as it did in the altered arched opening in
the High School! building at Mattan (Fig. 52). An arched opening in the Mission Hospital
at Anantnag which was subsequently provided with a lintel also suffered the same fate.

Conclusions and Recommendations

“Seismic -historv and geotecfonics of Kashmir valley indicate t.hat' earthquakes wgll
occur there in the future also. ' Thus it is necessary to bring about certain improvements in
the construction of various types of buildings. ,

(A) Dh‘ajji-DiWari Construction :

(i) The sun-dried bricks used in the traditional Kashmiri village hut needs.to be
; replaced by burnt bricks. Instead of mud-mortar, better quality mortar _such
s lime mortar .or 1 : 6 cement-mortar should be used. If it is not economically
possible - to adopt the better quality mortar for the entire construction, the
corners and jambs must be bonded ' in better quality mortar and the rest of the
masonry work may be in mud mortar, In such a composite construction, the
more eritical points in a building will be strengthened. :

* For recommendations for construction .of buildings in seismic areas,; reference may be made to I, S, Code of
Practice for Earthquake Resistance Building Construction (Under publication). ' \



N. Gosaig and A. S: Arya : Anantnag Earthquake of February 20, 1967

Fig. 43, Undamged Seven Storey Building
In Anantnag.

Fig. 44. Undamaged Brick-Nogged Structure
in Mattan.

. . . Fig. 46. Undamged Library Building,
Fig' 45. Undamaged,Brick-Nogged Mosque Government College, Khanabal.
1n_Anantnag.




Fig. 47. Connection between Timber Beam
~and Masonry - Column.

Fig. 48. Building in Mattan having Timber
o Panelled walls.

Fig. 49. New Brick Masonry Costruction, - Fig 50. Damage of a New Brick Masonry
Building in Mir Maidan.
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Fig. 51.. Timber Roof Truss showing Main | Fig. 52. Damage of the improperly bonded

Tie-beam, Diagonal and Vertical Struct. New and Old Construction

(i1) Since the infills were observed to separate out during earthquakes, care should
be taken in “tying™ the piers to the infill between them. ‘

(i) The usual English or Flemish bond may be introduced for brick masonry work
instead of the bond comprising of stretchers only. This will ensure that there
is propoer keying of the facing and backing. To save the inmates from cold
during winters, instead of constructing tbicker walls by filling the space between
facing and backing by brick-bats, stones, mud and rubbish, it will be desirable
to construct cavity walls which will be light and more effective against cold.

(iv) The vertical studs and the horizontal brick nogging partition walls should be

bounded together so that brick nogging may not come off. This should be

done by means of timber tattens, say 25 mmX 10 mm nailed to the verrical

timbers on the insice of the panels or by wire nails (6 gauge 15 cm long) half
inside timber and balf inside brickwork,

(v) Rodfs with pigeon-hole type gébles should be discouraged. The alternative

would be a simple truss system with nailed, bolted or doweiled joints.
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(vi) The timber lintel bands in the long and cross walls should be connected through
metal straps at corners or by means of joints as shown in Fig. 25.

(vii) For “Dhajji-Diwari® construction, the number of storeys should not exceed one
storey and the attic floor.

(B) Rubble Masonry Construction :

(i) R'ubble masonry also requires better bonding material. Mud-mortar should be
discarded and lime-mortar or cement mortar used. '

(ii) Cross-scction of a rubble masonry wall as shown in Fig. 33 (a) is undesirable,

: and should be avoided. The desirable cross-section is as shown in Fig: 33 (b)
in which bond stones are provided from facing to backing. If stones of length
equal to the thickness of the walls are not available, then the bond stones may
be two-thirds the thickness of the wall and a lap provided as shown in Fig. 33 (¢).
Such stones when provided every metre apart verticallv and horizontally will
ensure a good bond between the facing, hearting and backing.

(i) The long and cross walls should be “tied” together by interlacing the storeys at
the cornmer. If there is a pier at the corner, the two walls should be tied to the
pier to ensure integral action of long and cross walls. A band of reinforced
cement concrete may be provided all around at the lintel level.

(iv) Vertical steel reinforcement may be provided at the junctions and corners of the
load bearing walls. This greatly adds to the resistance against earthquakes.

(C) Modern Brick Construction :

Absence of horizontal timber runners appears to be a serious omission in modern
construction of burnt brick and rubble masonry. Such houses will have inadequate strength
against earthquakes. Experimental studies and observed behaviour have shown that lintel
bands of either timber or reinforced cement concrete add considerable strength to the
buildings. If economically feasible, vertical steel may be introduced at the corners and
junctions of load bearing walls.

For detailed specifications for recosstruction of masonry and timber buildings,
reference may be made to Indian Standard Code of Practice for Earthquake Resistance
Building Construction (Under publication, 1967).
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LATERAL PRESSURE IN BINS DUE TO EARTHQUAKE
| 'TYPE HORIZONTAL LOADS '

A.R. Chandrasekarah* and P. C. Jain**

‘Synopsis

. Methods are not available, so far, to determine lateral pressures in bins under dynamic
loading conditions. This paper describes an approximate method of determining lateral
pressures in bins due to earthquake type horizontal loads. In this method. Airy’s theory®f,
which is for lateral pressures in bins under static conditions, has been ‘modified. Expressions
for pressures in shallow bins as well as deep bins have been obtained. Pressures have been
determined for various height to diameter ratio of bin and lateral seismic coefficients.

Introduction

Large size containers which are used to store fills like grains, cement, coal etc., are
termed as silos and bunkers. Shallow containers, in which the plane of rupture meets the
grain surface before it strikes the opposite side - _ o SRAIN SURFACE
of the container, are called bunkers while deep - ' ' -
bins are called silos. (Figure 1). :

GAAIN SYRFACE .

Lateral pressures in bins are somewhat
akin to those due to fill behind retaining walls &7
but because of the limited extent of the fill in 7
bins, the pressures are actually different. @
Methods are available for determining the s/
increment in pressures on retaining walls due v
to earthquake type horizontal loads acting on
fills. One such method is that due to
Mononobe(® who had modified Coulomb’s . _
wedge theory of earth pressure to consider the &7
effect of earthquake type horizontal load. For P
design purposes, it is usual to assume the ‘ >
earthquake effects to be represented by ap ‘ p2
equivalent borizontal static load baving a
magnitude equal to seismic coefficient times the
total weight. This load has been termed here ‘ _
as earthquake type horizonial load. Airy’s SIL0S AND BUNKERS
theory for determination of lateral pressure in ’ F16.1
bins under static conditions is based on o
Coulomb’s wedge theory. In the method proposed here, Airy’s theory has been modified
to determine lateral pressure in bins due to eartquake type horizontal load:

Modified Theory

In Airy’s theory® it is assumed that the pressures on wall are due to a wedge of

SHALLOW BIN ' ;
BUNKER' Y

DEEP BIN
‘510" .

* Professor, SRTEE, University of Roorkee : : ‘ ‘
++ Senior Fellow, Civil Engineering Department, University of Roorkee, Roorkee
+ Refers to serial numbers of references listed at the end of the paper.
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material befwéen ~the ﬁall and the pléne of rupture, (Thus, they are due to mass ABC in
case of shallow bin®and mass ABCD in case of deep bin (Figure 2), where BC is plane of
rupture).

In addition to the above, in the sunrace

modified theory it is assumed that the a e wv—
earthquake type load acts at the point of . 1
concurrence of forces. | bl kel L SR S
. L W] / v I ‘ -
: The forces acting on the wedge are f%‘l‘\,@s , B
as shown in figures 2A and 2B. W js the . +‘:S}’.’ h N
weight of the wedge of material, oy is the /S ! T
seismic coefficient, a, W is the equivalent - /:J"\-' ) 4
horizontal load, P is the total pressure | »
on one wall and R is the reaction of wedge o d A
mass on the plane of separation, h is the R, A¢
height of bin, d is the lateral dimension of SHALLOW giv- . ™ el
the bip, u is the coefficient of friction of FIG.2A Ca iy e : V s
il on fill, i is the coefficient of friction of . ' , e
~fill on wall, w is the densitv of the fill and ‘ . P
P denotes pressure at any depth from top., Jae v 1}
—a —f
Force P and R are expressed in tarms DEEP Bin
of Wand ¢ and then 6 is found for ‘ FiG.2 8
maximum value of P. ' - FORCES FOR ANALYSIS '
Shallow Bin (Figure 2A)
' Weight of wedge ABC = W = § whe Cot o
Resolving forces horizontally and vertically and equating them
P— Rsinf+ uRcosd —ay W =0 )
and WP — W+ Rcos0 + uRsing =0 S V)
Eliminating R between these equations
- s _ 1{an — p) + tan 4(1 -I‘-,an_gl}_ | : fay
Y S E T LI . &
For maximum value of P, %l—; =0
which gives
, f— ay b+ p) (p—on)(1—p' ay ) (14+pn) |
an 0 = : :
¢ + pay + (I+ pay ) (p+u') : @

The maximum value of P for shallow bin is obtained by ~substiguting;(4) in (3),

== . 3} wh? (1+I-‘ ay )} . . o
Feo [{k~en ) uF W VFFU (T=i7ay P | ()
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. The pressure p at any depth from top
dP TN wh (1+ pay )3

P = dh [{(u an ) (utp m+u »}s+{(1+,m (I="ay )}s]z - (6)
lllf oy = 0 the pressure obtalned is that due to stat'c case, namely,

; The pressure ‘p’ varies linearlv with height h. The depth upto which the container
acts fs a shallow bin is equal to dtand. Thus, equation 6 is applicable for a height, hep,
equal to : :

L — By «/(;L-l-y,')ly.-a” V(14102 (1—u'ay)
hsb d z

I+kan (X Fwaw) (e’ ®)
- Deep Bins ( Figure 2 B)
Procee ding similarly to the above case,
W=v—vzg(2h—-dtane) (9)
Equating forces and eleminating R,
(2h — d tan g) Lou—p) + tan 0 (1 + ayu)} (10)

(l pp’y +@an 0 (u + »')

For maxrmum value of P,

tan 0 = [— (1—pp’) (I+pon) + V{I—p) TFpon) (FpD) (—p e )+2b/d
(443 A=p'ap) (w+p) A+pan)}] + (p+p) O +pan) (1)

Substituting 10 In 11, the maximvm value of P for deep bin is obtained

3 3 = e "
Pap = %‘—"Eg',—[{z—{l (p+p) + (I—pp') (14pay )} — {(1-}-;1,2) (1—p'ay )} ] (12)

ptp')?
dp
The pressure p at any depth h below topisp = T
_ wd(1+pay) [1 -  {Q4pd) (1—play )} ] (13)
(.“-'rll-) r[{2h/d (u+u) + 1—pp'} (I tpap)} |

If ay = 0, the pre ssure obtamed is that due to static case, namely-

= __“Ld__._. —_ (l+p,2)i ] - ‘ ‘ 14 .
Pstatic (k+p) [1 TI/d () F T— ] | ‘( |
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Discussion of Results and Conclusions

Expressions obtained by this theory have been used to determin.e pressures for varion_xs
height to diameter ratio of bins, seismic coefficients and fills. The height to diameter ratio
had various values upto 5'0 so that both shallow and deep bins cases are extensgvﬂy covered.
The depth upto which a bin can be considered as shallow depends upon u,p’and ey and,
therefore, on type of fill, the surface of side wall of the bin and seismic coefficient. In
general, for a particular x and p’, as ay -increases the depth as for shallow bin decreases.

Three values of
seismic coefficient, ay , ‘0818
namely, 0.05, 0.10 and
0.20 have been tried. : ,
Five sets of values of . , ‘ ' oy 2008
and p’have been used ‘
and thev are, (i) 0.454 0.751-
and 0.444, correspon-
ding to wheat in a con-
crete bin, (ii) 0.70 and
0.70, corresponding to ‘
coal in a concrete bin, 0.6254
(iii) 0.316 and 0.554.
corresponding to cement
in a concrete bin, (iv)
0:472 and 0.263, corres-
vonding to peas in a
steel bin and (v) 0.30
and 0.30, corresponding
to an arbitrary condi
tion. (For cases (i) to
(iv), values have been
taken from references 1
and 3).

OvVHAMIC

(wg)

0 504

0.375} ,
0:AMETERz s m
A =0.464
4 a0.440

W =007 kg/cum

PRESSURE IN TERMS OF

Tables 1 to 5 give .
static -pressure as well aas
as ratio of dynamic
(seismic) fo static pres-
sure. for the various
conditions. = The dotted
line . indicates the
demarcation  between
shallow and deep bins,
For one particular Iz
and p', namely for . i
value of 0.466 = and o T T —
0.444, graphs (figures 3, o Lo 2.0 30 a0 _ s.o
4 and 5) have been T DEPTH FROM TOP / DIAME TER (h/d)
plotted _tof indicate : : : ! o
variation of pressures _
with respect fo h/d v F'GU‘?E{ 3
ratios, e PR
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" It is observed that percentage incresse in pressure is more for shallow bins compared
to deep bins. Also, for a particular fill in shallow bins, the ratio of dyramic to static
pressure is constant. For a s-ismic cofficient of 0.10 ard h/d ratio of 5.0 the maximum
value of the ratio of dynamic to static pressure is about 10%.
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TABLE 1 PRESSURES IN BIN
po= 0.466; p' = 0.444
Wheat Filled in Concrete Bin
wd = 4800 Kg/m?

an = 005 ay = 0.1 ag =02
Depth from top]| — ————————— ——— — — ——— -
Diameter Static pressure Ratio Dyn/ Static pressure Ratio Dyn/ Static pressur¢ Ratio Dyn/
in terms of Static: in terms of Static in terms of Static
h/d w.d. w.d. o wd

0.2 0.065 1.107 0 065 1.230 0.065 1.541
04 0130 1107~ 0.130 1230 0.130 1.541
0.6 0195 1167 0.195 1230 0195 1.541
0.8 0.260 1.107 0.260 1230 ! 0287 1.350
1.0 035 1107 0.325 1.230 { 0:349 1.298
20 0.523 1.049 0.523 1.098 0.523 1.198
3.0 0.614 1.041 0.614 1.083 0.614 1.168
40 0.672 1.038°  0.672 1.076 0.672 1.154
5.0 0.714 1.036 0.714 1.072 0.714 1.144
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TABLE 2 PRESSURES IN BIN
k=07 4 =07
Bituminous Coal Filled in Concrete Bin
wd = 4800 Kg/m?

ay = 0.05 ) oy = 0.1 ay =02

Depth from top} ——— ———— oo " -——-—————-—-——?—‘—-k
{ Diame:er } e Raé‘t‘;tﬁy“’ Stﬁf‘fe?éfss of Mgl Static pres o, “stane™
h/d : w.d. wd, w.d.
0.2 0.041 1.129 0.041 1.276 0.041 1.639
0.4 0.082 1.129 0.082 1.276 0.082 1.639
0.6 0.123 1.129 0123 1.276 0.123 1.639
0.8 0.164 1.129 0.164 1276 0.164 1.639
1.0 0.205 1129 0204 1276 0204 1.639
2.0 0351 1.069 0.351 1.141 0.351 1286
30 0.422 1.059 0422 1120 0.422 1.244
4.0 0.460 1055 0460 1110 0460 1.223

5.0 0.485 1.052  0.485 1.104° 0485 1.211
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TABLE 3 PRESSURES IN BIN
p=0316; p = 0.554
Cement Filled in Concrete Bin

 ‘wd = 8650 Kg/m?

ay = 0.05 ay = 0.1 ay = 0.2
{Depth from top} " Static pressare Ratio Dyn/ Static pressare Ratio Dyn/ Static pressure Ratio Dyn/
. 10 t- .
Diameter fermsor . Static T imtomsor. statie” iniemsore Stane
h/d w.d. - owad. w.d. "
0.2 ~0.081 1112 0.081 1.248 0.081 1.638
0.4 0.162 1112 0.162 1.248 0.162 1.638
Il ——————————
0.6 0.263 1112 0.263 1248 | 0.268 1363
| I
i— ————————— —_l
08 0.324 L2 | 0240 1.212 0.340 1.280
| | |
__________ I .
10 0.397 1057 0397 Ll 0397 1236
20 0.569  1.038 0569  1.077 0.569 1.156
3.0 0,660 1032 - 0.660  1.065 0.660 1.131
40 078 1.029 0.718 1058 - 0.718 1.118

50 0760  1.027 0.760 1.054 0.760 1,110
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TABLE 4 PRESSURES IN BIN

p=0472; p = 0.263
Peas Filled in Steel Bin
wd = 4800 Kg/m?

ay = 005 : ay = 0.1 ay »=02‘
{Demh from mp} “Stati Ratio Dyn/ Static pressure Ratio Dyn/ Static Ratio D

5 atio atic pressare atio n atic pr k

Diameter ji;:lﬁglr;sz%re Sta.ticyn in teI;ms of S’caticy / mltelr)rgsssgil: ° aSIt%ticynl
h/d w.d. w.d. : w.d.
0.2 0.070 . 1.08 0.070 1.209 0.070 1.482
0.4 0.139 1.098 0.139 1.209 0.139 1.482
0.6 | 0.208 1.098 10.2C8 1,-209 0208 1.482
0.8 0.278 1.098 0.278 1.209 0.278 1.482
‘ i ———————————
1.0 0248 - 1.098 0.348 1209 | 0.378 1.292
S A

20 : 0.590 - 1.048 0.590 1.096 0.590 1.194
3.0 0.7¢6 1.041 0.706 1.082 - 0.706 1.165
4.0 0.781 1037 0781 1.07s  0.781 1151

5.0 - 0.836 1035  0.836 1071 0.836 1.142
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TABLE 5 PRESSURES IN BIN
ok =03; v =03
. General Case for Lower Value

. . ay = O 05 ay = 0 1 a, = 0 2
Depth from top) ——— 20 e e
3 Stati Ratio D Stati Ratio D Stati (5 Ratio D
Diameter in terms of | Statie)” g Pressure. Ratio Dyn/ interms of | Statie”
b/d w.d. w.d. w.d.
0.2 0.093 1.096 0.093 1210 0.093 1.532
04 0.186 1.096 0.186 1.210 0.186 1.532
ll""_"‘"“'f'—""'—‘
0.6 0.278 1.096 0278 1210 | 0.304 1.337
|
| _ _
0.8 0.371 1.096 | 0.394 1.142 0.394 1.259
| |
———— e e
10 0.469 1050 0.469 1.108 0.469 1.218
2.0 0.710 1.035 0.710 1071 0.710 1.143
3.0 0.849 1,030 0.849 1.059 0.849 1,120
4.0 0.940 1.027 0.940 1.054 0.940 1.108

5.0 1005 1025 1.005 .00 1.005 1,101
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PREDICTING EARTHQUAKES
P.N. Agrawal*

Earthquakes are known to occur since time immemorial. There are more than a million
shocks yearly over the globe. As much as two hundred and fifty earthquakes are felt every
- day some where in the world though nct always reported. Three shocks out of these may
be expected to be big enough to cause appreciable damage in an average day. The distri-
bution of these, over the globe is not uniform but there are regions, the so called Earthquake
Belts in which, normally their epicentres fall; We bave, today, hundreds of recording
stations, registering several thousards of earthquakes every day and dozens of research
cenfres carrying out extensive research with most modern techniques, on tooics. connected
to earthquakes. An importent aspect of recent earthquake studies of common  interest has
been how to predict future earthquakes. This note might provide a reader an idea of our
present state of knowledge about earthquake forecasting. :

It might be worth while to quote here opinion of Prof C. F: Richter, world
renowned Seismologist about earthquake predietion—*‘No one can predict earthquakes in
any reasonable meaning of the word prediction’> One can very well understand
how ambitious and fascinating is the task for seismologists to predict earthquakes.
Earthquake predietion involves difficult ~questions like—when ? Where ? and How big ?
As regards first question, though the date and time would be the comp'ete answer but
probably it would be statisfactory if we could even tell the year in which earthquakes _may
occur. The second question would require an answer in terms of latitude and Inngitude
of the epicentre and also the depth of focus. The depth of focus is important, since a shallow
earthquake is liable to cause greater damage though locally compared to a deep earthquake
of same magnitude. However the earthquake magnitude, the answer to the third question
is the most vital since it would determine whether at ali the earthquake would be damaging
or not. Some of the common concepts which, it is felt by us, may kelp in finding answers
to these questions are given here :

(1) In localities where earthquakes have originated in the past are likely to be visited
by earthquake in future also.

(2). Future earthquakes may be considered to be not less dangerous than those of
the past, in that locality. :

(3) It can be expected that earthquakes of a locality, with a certain energy (measure
of size), maintain a definite statistical trend in their frequency of occurance.

(4) Probably the frequency of earthquake occurance in a locality is more for smaller
earthquakes and less for bigger earthquakes. This kind of dimishing of frequency with increas-
ing manitude may follow some definite statistical law,

(5) Pertinent geologic data and tectonic history of an area should form a sound
basis for attempting earthquake forecasting. : _—

(6) It is rare that an earthquake of apny consequence occurs unaccompanied by smaller
ones. After shocks are common but foreshocks from the same. source might also precede
a large earthquake. '

* Scientist, School of Research and Traning in Earthquake Engineering, Univerisity of Roorkee, Roorkee,
| 51
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(7) Tt may be possible to correlate the mode of strain energy release during earth-
quake to isostatic ancmalies, earth’s magnetic field and other similar geophysical data/
- parameters for the same locality:

- (8) Ttis expected and has also been observed in some areas that the gradual elastic
strain energy accumulation preceeding earthquake may be associated with crustal deformation,
Observations of such crustal deformation would determine the trend of strain build up and
may help in calculating the time which would lapse before the fracturing of the rocks ie.
earthquake takes place in that area. ‘

Apart from these, for final appraisal of the intensity (violence of being felt) of an
earthquake at a site, considerations have to be given to the area liable to be damaged by a
single earthquake which in turn depends upon several other factors, leading to greater
uncertainty to the task of earthquake forecasting. So far, hardly any thing has been possible
which might be considered as an approximate earthquake pediction. Yes, one may think
at this stage why at all attempt such a difficult task and how would it be useful at all if
done. May be even if we bad pre known a disastrous earthquake in an area it would not be
possible for us to shift the property liable to be damaged from there. No, we can do a lot-
with this jnformation. The damage during earthquakes is primarily due to fires, power and
water supply failures which can be avoided by taking necessary precautions. Life loss can also
be reduced considerably, The buildings and other engineering structures being designed and
constructed there can be made strong just enough to resist likely earthquake. All the
structure may have to be designed for greater stren gth in an seismically unstable area whereas
with earthquake forecast available savings may be - possible by keeping allowance on design
for that earthquake only which is likely there. The great benifactors of earthquake forecast
would be earthquake insurance companies who would be able to workout more profitably
the insurance premiums and increase their business: At the present the earthquake forecasting
only finds its expression in seismic regionalisation maps delineating areas of differing
seismicity which serve useful purpose in the absence of earthquake forecasts. :



Bulletin of the Indian Society of Earthquake Technology. Vol. 4, No. 3, pp. 53-85, September, 1967

SEISMOLOGICAL NOTES

( India Meteorological Department, New Delhi)
Earthquakes in and near about India during April— June, 1967.

Date Origin time Epicentre  Region  Approx Magni-

 Remarks
- 1967 (GM.T.) Lat. Long. depth  tude
h. m. s. (N) (°B) (Kms)
1 2 3 4 5 6 7 8 9 10
Apri) 901 11 112 4.0 96.1 Northern 33 5.0
‘ (CGS) Sumatra
April11 03 09 319 69 97.1 Strait of 33 49
' (CGS) Sumatra ‘
April12 04 51 40.2 53 965 Northern 55 6.1  Minor damage at Penang
7 - (CGS) Sumatra Recorded at all Indian
R . . __ Observatories.
04 51 32 vee 6.0
_ (SHL) (NDID)
April12 05 11 141 5.5 96.7 Northern 33 5.7
(CGS) Sumatra
April 12 05 18 119 5.6 96.7 Northern 102 5.0
(CGS) Sumatra v
April12 06 03 373 5.3 96.6 Northern 33 5.1
(CGS) Sumatra
~April 12 19 33 473 5.2 96.7 Northern 56 5:2
(CGS) Sumatra
April13 08 25 438 5.5 96.6 Northern 68 5.2
(CGS) Sumatra
April 18 10 25 222 44kms NW .. L e ...  Felt at Sonepat.
(NDD of Delbi _
April21 16 28 37.8 53 96.8 Northern 72 4.8
(CGS) Sumatra
April 22 13 07 381 5.1 96.4 Northern 42 5.4
(CGS) Sumatra ‘
~ April22 17 15 20.6 34 kms NW . 2.6  Felt at Sonepat:
' (NDI) -of Delbi - . (NDI)
April23 15 01 068 1.6 80.2 North Indian 33 5.1
(CGS) Ocean
April23 20 18 553 25.0 94.7 Burma-India 75 4.3
- (CGS) : Border Region
April24 08 51 109 37.4 72.7 Tadzik SSR 31 5.6
‘ (CGS) : ‘
08 51 10 377 73.1 Tadzik SSR .. 5.4
(SHE) (NDI)

53



54

Bulletin of the Indian Society of Earthquake Technology

2 3 4

l 5 6 7 8 9 10
April25 03 53 15 182 73.4 Near Bombay ... 5.6  Felt at Bombay, Poona
(NDI) (NDD and near about places:
April 26 04 59 42.8 36.6 71.0 Hindukush 119 4.4
(CGS) ‘
April28 16 14 11.0 5.3 96.7 Northern 73 5.1
‘ (CGS) Sumatra
April 29 04 56 598 39.5 74.9 Southern Sin- 33 vos
(CGS kiangProvince,
’ China o
May 2 09 01 29.5 365 71.0 Hindukush 226 4.9
‘ (CGS)
Mayv 5 03 11 242 36.1 68.8 Hindukush 18 4.8
(CGS) ‘ |
May 8 18 4R 04.8 364 70.2 Hindukush 215 4.8
(CGS)
May 8 20 36 01.4 36.2 71.1 Hindukush 111 4.4
: (€GS) .
May 11 04 22 05 300 kmsSW Rajacthan ‘e 44  Felt at Jaipur.
(NDI) of Delhi (NDI) ,
May 11 14 50 58.8 39.4 73.8 Tadzik SSR 21 5.6 Recorded at all Indian .
(CGS» - Observatories.
14 50 55 39.7 73.4 Tadzik SSR 6.2
. (SHL) (NDI)
.May 12 05 21 04.8 39.5 73.8 Tadzik SSR 5 4.9
(CGS)
May 14 09 00 54.8 39.2 73.9 Tadzik SSR 33 5.0
(CGS)
09 00 54 Y] YY) YY)} se 5'3
- (NDI) (NDI)
May 15 18 50 089 5.3 96.6 Northern 51 5.0
~ (CGS) Sumatra - :
May 26 08 47 19.8 39.2 72.8 Tadzik SSR 33 5.1
- (CGS) _
May 21 18 34 464 356 69.7 Hindukush 138 4.7
May 22 17 41 20.6 37.0 68.0 Afganistan- 37 4.8
‘ USSR Border
May 22 19 19 25.3 37.1 68.3 Afganistan- 48 4.7
(CGYS) USSR Border ‘
May .7 01 42 47.1 39.9 77.3 Sinkiang- 33 5.4
(CGS) China
May 27 12 42 $54.1 36.2 71.5 Afganistan- 109 4.9
(CGS) USSR Border
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(CGL)

Border

1 2 3 4 5 6 7 8 9 10
~ May 27 19 05 485 361 77.8 Sinkiang- 35 5.4
(CGS) China
19 05 50 36.2 78.4 Sinkiang- 6.0
(NDI) China (NDI)
May 28 12 03 O0L.7 37.7 73.4 Afganistan- 33 49
” (CGS) USSR Border
June 1 05 57 12,5 2.9 99.0 Northern 171 4.6
(CGS) Sumatra |
June 8 23 17 48.7 26.6 96.0 Burma 73 4.4
‘ (CGS)
“June 18 01 20 22  35.2 87.6 Tibet 33 39
(CGS) : ;
June 19 23 25 50 30 kms from . Felt at Bombay.
(NDI) Bombay ST
June 23 12 05 50 294 81.0 West Nepal .., 4.3
(NDI) ‘ . (NDI)
June 23 18 50 17.2 26.6 71.1 Afganistan- 205 4.2
(CGS) - USSR Border
~June 26 12 28 04 22,7 93.9 Burma-India 7 4.2






. Instructions for Authors

 MANUSCRIPTS

Only papers, which have not been previously published or offered for publication elsewhere,
will be considered. The authors must agree not to publish a paper elsewhere when it 1s
under cousideration and print in the Bulletin of the ISET. S
Manuscript must be typed-written in English or Hindi with two-line spacing on one side
of the paper only. | S
Three copies of the manuscripts must be submitted.

The paper should be limited to not more than 6000 words. _
The use of the first person should be avoided, the writer being referred to as “the Author”
All mathematical symbols should be defined where they appear first in the text.

~ Drawings or sketches should not be included in or pasted on the pages of the manuscript ‘
and should be submitted separately with the paper. : :

Each article should be accompanied by an “abstract” of its subject matter, with special
references to any conclusions, and it should not exceed 300 words: ’

A set of conclusions must be given at the end of the article.

Bibliographical references should be given as follows :— \

i (a) In the text. the author’s name and the year of publication or pumber in the list of

O reference cited should appear in parentheses as (Gutenberg 1959) or Gutenberg (1959),
or Gutenberg (4). ’ . '

(b) In the list of reference at the end of the article, the references shotild be in standard
form as indicated below and listed in alphabetical order of author’s name, or the
sequence in which they appear in text. :
Name, intials, vear of publication. - . e
Title of work, Source (in full), volume number, page number (beginning) page number.
(end), date. o

Example :(— : | ‘
Aggarwal, S L. (1964) *Static and Dynamic Behaviour of a Vertical Pile Subjected to Late
ral' Loads”, Master of Engineering Thesis, UniverSity of Roorkee, Roorkee, 1964

Arya, A.S. and Y.P. Gupta, (1966), *Dynamic Earth Pressure oh Retaining Walls Due to
- f ‘ Ground Exitations”. Bull:, Ind. Soc. of Earthquake Technology, Vol. III, No. 2,
i pp. 5-16, May, 1966. ' : .

’{ o
2 . . - ILLUSTRATIONS

1. Drawing should be made on tracing iinen or paper in dense black drawing-ink, the thickness of !'ines
! being consistent with a reduction to one half or less in the process of reproduction, details shown should
represent the minimum necessary for a clear uonderstanding of what it is desired to illustrate. ‘

; 2. The maximum final size of @ single drawing or a group of drawings which are intended to appear on"the,

§ " same page, i8 7.5 inches (19 centimeters) by 5 inches (13 certimeters). Drawings gshould be subr_mtted

| larger than final size, the ideal being twice final size i.e. upto 15 inches (38 centimeters) by 10 inches
| {26 centimeters). ' : ‘ : - |

i 3. Itshould be ensuréd that printing of caption in tte illustration is large enough so that it would be

| legible after reduction to one half linear size. 3/16 inch (0.5 cm) size letters are recommeénded.

4. Each fiure should carry a suitable title. o '

6. Manuscript may also be accompanied by photog‘rapbs (glossy prints) which “should however,‘repreagnt _
the minimum number essential to & clear understanding of the subject. No lettering of any kind
should be added to the face of a photograph, the figure number and caption being printed lightly on the
reverse side or upon the front of the mounting, if mounted.

6. Al illustration sheuld be numbered consecutively without distinction between photographs and draw
ings. Hach illustration should have an appropriate reference in the text, and the figure number order
shounld follow the order in which references appear in the text: ‘ o )
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