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BEAM VIBI.ATIONS BY METH‘OD OF INITIAL PARAMETERS
A. H. Shah* and Y.C. Dasst

Summary

Method of initial parameter, originally developed for static problems is extended to
solve the initial value and forced vibration problems of beams. Two examples are worked

out. This method is particularly useful in cases of concentrated forces and moments, and
time dependent boundry conditions. ‘

Introduction

Analysis of beam vibrations due to initial conditions as well as due to external excit-
ing forces is a classical one, Vibration problem can be apalysed both by method of separa-
ticn of variables and oprational methods, where natural frequencies are obtained through a
characteristic equation, and then the corresponding mode shapes are found. Using the
orthoganality property, that exists, among mode shapes, initial value broblem as well as
forced vibration problem can be solved. ‘ o .

In this paper, method of initial parameters, originally developed for static problems
(1, 2)** is extended to beam. vibration problems. Applying Laplace transform to Euler-
Bernoulli equation, the equation governing the beam vibration is reduced to contain only the
space variable. This transformed equation along with the transformed initial and boundary
conditions is sol ved by the method of initial parameters. The inverse transform then gives
the complete solution.

Method of Analysis :
The Buler-Bernoulli equation governing the transverse vibration of a uniform beam is

o' w 0 ‘
EI-—7x, t)+ma_:;’(x, H = aqx0. B

Where o ) | ,
EI = flexural rigidity of a beam
m == ass per "unit length
W (x,t) = transverse deflection

q (x, t) = is the external exciting foree
T..e initial condition are ‘
ow

YEO=ye® 5 X =% @)

- Assistant Professor, Department of Civil Engineerin, Indian Institute of Technology, Kanpur,
t Associat Professor, Department of Civil Engineering, Indian Institute of Technology, Kanpur.
** Numbers in brackets designate references at end of paper,
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. Thp beam has four boundry conditions, two at each end. There may be any combina-
tion of hinged, clamped, free and elastic supports. Taking the Laplace transform of equa-
tion (1), we obtain ‘

.%%VZ(X, s) + % $*W (x,s) =E—%(x,s)+%syo(x)%&ol(x) | 3
where g (x,8) = I < g (x, t) et dt and s is a trar{sformed parameter.
The solution of the homogenoeous part of this equation (3) is |
\TV'(x,s)=Asian+BcosBx+Csinth+Dcosth. (4)
where Bt = — EEI s? . | (5)

Define the initial parameters as follows

W(0,8) = W (s)

6(0,s = W0, = B, (s)

M (0,s)= — E1W” (0,8) = M (s) ‘

V(o,8)=—EI W (0,5)= v, (s), : o (6)
where prime indicates derivative with respect to x.  Using the equation (6) the four constants

A, B,Cand D in equation (4) can be found in terms of initial parameters W,, 6o, Mo and
Vo The equation (4) in terms of initial parameters will be

W9 = Wi 00+ T h B+ o + B B2, ™
where

fi(Bx) =13 (cos Bx + cosh B x)
LEx)=4(¢inpx + sinh g8 x)

fs (Bx) = % (cos B x — cosh B x)

fs (Bx) = } (sin 8 x — sinh B x). 8)

Case 1: Beam having a concentrated load P (1)
at x = . (Figure 1). Since we know two of the four
initial parameters at x = 0, there will remain only two |
unknown parameters in equation (7). For the range 5
0 <x < £ the equation (7) holds good as there is no Lﬁﬁ\%~_‘j
transverse load on the beam. We can write I

Wi (X, 8) = W (%, s) 0<x <t 9)
Since we have a concentrated load at x=£ we can consider this as a jump in shear and
write_down the shear condition as ‘
v s)=—P (s). ‘ (10)
Fortherange £<x <, W(x, ) =W, (x,5) +W, (&, 5) an
where w, (%, 5) represents the additional deflection due to the jump in shear given in equation
(10), and # = x—&. |
To find W, (3, 5), let us imagine a fictitious beam for the range E<x < 1.

T Ty o s
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For this beam the following are the injtia] parameters :
W3 (0, 5) =0
9—2- (Oo ) =0
M3 (0,8) = —EIW," (0,5) =0 (12)
V2(0,8) = —BIW,” = —p (s).

W, (%, 8) is in the form of equation (7) except instead of x we have . Using equation (12),
we obtain

Wy %, 8)= — g% fy (B %). | a3
Hence, the complete solution, equation (11), can be written as '
— ‘ ‘ 5_ K Mo Vo ‘ P (s) )
W (x,5) = wo fi (Bx) + —BQ' f2 (Bx) + mg fs (Bx) + Bl fy (Bx) — 11%8{33 fy (8 %). (149)

~The remaining two parameters can be found from the transformed boundary conditions
at x=1. Taking the inverse Laplace transform of equation (14), we can obtain the required
solution w (x, t). .

M)

— v ey
Case 2 : Beam having a concentrated moment M
M. (1) at x=E. (Figure 2). In this case there js a jump \'f
in moment at x=¢, Following in a similar manners L_M-Mm 4

as Case 1 solution can be obtained as

FIG. 2
_ - B0 Mo v, Me (s ’
L S LY R R P N as)
- Case3: Beam subjected to arbitary load of Q )
intensity Q (x, t). (Figure 3); _ I I
In this case we can take £ S
I’(S)=Q(€,S)dsatx=§andllggglz. L &;D_J
Following in a similar manner as Case 1, we R 1 .
can write . l
FIG, 3
- . ‘ — _-—’ kY ‘7 ]
W (X, §) = W, f; (BX) + ng fa (Bx) + Eﬁ%g(px) + E—I?as fa (B x) —
1 X _

Considering Q (%,s) = ESI—(E,, 8) 4+ EEEI— yo (§) + % Yo (§), equation (16) rep:eSents

solution to initial value problem as well as forced vibration problem,

Example 1 : Forced—vibration of a simply supported beam with a time dependent
load at an arbitary point on the beam.

, In this case the initial displacement and initial velocity of the beam are taken as zero
fi-e., Yo (x) =yo(x) = 0]. ‘
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The solution for this problem is given by equation (14) with the follewing values of
the initial parameters.

ﬁo = 0 :
ﬁo = 0 ‘ i - (17)
_z_f’ls) ﬂ(ﬁi)fz(ﬁj)——f,(ﬁl)ﬂ(,@])}
6 = ETp LD — (8D
v — 5 fs(B])fa(QI)—ﬁ;‘B”fs(Bh}
Vo=F() { RRED =D |
Substituting equation ( 17) into equation (14), the transformed deflection is given by

= __ B (s) 1 sin B & sin B (1-x) sinh 8 € sinh B (I-X) }
- W“’”“WI"F{ sin B 1 - sinh Bl

After taking inverse Laplace transform of cquation (18), the deflection is given by

(18)

w(x,'t)-.-_--J‘t P(t—r<)F(r)dr o (19)

where

: & . amx
Fiy=3 F:m?mnsmn?g.smnl . sin @y} | 0

and

wp = n? 58 EI : (21)
. N mIF ”
Taking P (t) = A, Sin Q t, the deflection is given by

2A. < sinnw“5 Sinnvrx'
w(x,t)::—-‘-—“Z 1 ’ I eopsinQt —Qsinegt

m l, n=1 “n (2n® — QY
Equation (22) checks with the value given in Reference [3].

(22)

Example 2 : A simply supported beam subjected to prescribed end motion.

Here the boundry conditions are
' w. (0,t) =0
W (0,i) =0

w (Lt) =f(1)
wi(l,t) =0

The solution is still given by equation (14) without the last term, with the following values
of the initial parameters

Wo = 0
io-‘o

= BAHEGD 2
b = 1O mEy-raE) | @)

= - fa@pn
Vo =—T®- Bl momh—town



A.H. Shah and Y.C. Das :+ Beam Vibrations by Methods of Initial Parameters s

The transformed defleciion is given by .

sin B x sinh B 1 + sin hg x sin B 1 (24)
‘ 2 sin B 1sinh B 1

After the inverse transform, the deflection is given by

W (x,8) = T(s)

t : '
W (%, 1) -_—'[ ft—7)F (v d (@26)
o
where
< 2
— _ “n .. NTX . ‘
F (t) fz (=1t 2 sin —— sinon t 26)
n=1
where
JBI

wyp =n¥7? [—0
m J¢

Taking f (t) = Bo sin t, the deflection is given by

(= of
W (x’ t) — Boz (_1)n+‘1 -Eﬂ_(zg;-sin)_—ﬂi)(mn sinQt—Q sin O t) Sinn T X (27)
n=1

References
1. A.A.Umansky, (1933), *‘Analysis of Beams on Elastic Foundation”, Central Research
Institute of Auto-Transportation, Lenningrad.
- 2. M. Hetenyi, ( 1961), «“Beams on Elastic Foundation”, Univeréity of Midhigan Press.

3. S. Timoshenko, (1954), *Vibration Problems in Engineering’”’. Van Nostrand Com-
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4th WORLD CONFERENCE ON EARTHQUAKE ENGINEERING
"~ SANTIAGO, CHILE ,

On behalf of the Executive Committee of the International Association for Earth-
quake Engineering (IARE), the Indian Society of Earthquake 'I‘cchno%ogy, invites Engnpecrs
and Scientists interested in the field of earthquake Ensineering and Seismology to coatribute
papers to the 4th World Conference on Earthquake Ergineering to be held at Santiago, Chile
in january, 1969. The papers may be contributed on any of the themes given below :

Theme | : Earthquake Science and Analysis of Response of Structures to Earthquake
Ground Motion.

8. Seismicity
b. Instrumentation and Ground Motion Measurements
¢. Spectra and Soil Characteristics
d. Response Analysis ,
¢.  Research in Earthquake Engineering
f. Lipear and Non-Linear Action of Structure

Theme Il : Earthquake Resistant Design and Construction Practices.
a. Design Criteria and Codes of Practice
b. Observation of Performance in Earthquakes
¢.  Materials of Construction for Earthquake-Resistance
d. Design of 1 ow-Rise and High-Rise Buildings
¢.  Design Considerations in Other Types of Structures
f.  Foundations ond Soil-structure Interaction.

All accepted papers will be printed and distributed prior to the opening qf the Con-
fcrence. The tentative dates for submitting the abstracts and full papers are as follows :

~ Abstract — January 1, 1968.
Full Paper — June 1, 19¢8.

Those interested can send their papers for the Conference through the Secretary, Indian
Society of Earthquake Technology, Schooi of Research an: Training in Earthquake Engineer-
ing, University of Roorkee, Roorkee, U.P, or to the Executive Committee of the I.A.E.E. on
the following address :

Secretary General,

International Association for Earthquake Engineering, _
C/O International Institute of Seismoogy and Earthquake Engineering,
Building Research Institute,

4-Chome, Hyakunin-Cho, Shinjuku-Ku,

Tokyo, Japan.

The exact dates of the conference and other details would bs communicated to the
members of the Society as soon as the same are received from the [.A.E.E.
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SEISMIC DESIGN OF TALL BUILDINGS-USE OF SHEARWALLS
S.M.A. Kazimi*

Synopsis

The importance of shearwalls or shear panels to increase the lateral stiffness of
tall buildings is well known. However, the structural and aesthetic requircments as
considered by the engineer and the architect are quite often contrary to each other, apd a
shear-wall may be entirely absent where it is most needed. Thus the usual design methods -
assuming a uniform and systematic distribution of shear-walls in each storey are rather
impractical A unified method capable of incorporating the stiffness of shear-walls and other
stiffering elements like floor slabs and cladding, at their actual location is needed fOl" a reali- -
stic analysis of practical shear-wall buildings. In the following pages an attempt’ is made
to present outline of a similar method.

Introduction

Recently there has been a considerable increase in the number of tall buildings,
both residential and commercial, because of certain advantages of ‘circu]ation’_, ‘land
utilization’ and ‘planned development’ etc.  Structural frames of steel or reinforced
concrete are generally used and are quite efficient where the lateral forces like wind lqads or
seismic actions are insignificant. However, in'a highly seismic zoue due consideration for
latera] forces is necessary.

The inherent weakness of structural frames under lateral loads?, can be easily removed
by inserting shear-wall or shear-panels in the building at suitable locations. The advantages
of shear-walls as primary lateral load resisting elements for seismic structures was first
recognised by Benjamin and Williams? of Stanford University in 1948. Since then many
workers in U S.A., U.K.,, US.S.R., aud Japan have tried to present a theoretical or experi-
mental solution to the problem with varying success. However, a generalised comprehensive
solution has not been presented so far. ‘

Previous Work

The utility of shear-walls in tall buildings can not bs over emphasised. However,
the usual objections to the use of shear-walls in a building frame are, that:

(1) Theoretical a'nalysis of shear-panels and their stiffness factors for various
boundary conditions are not adequately known.

(2) Very often the architect may not provide a shear-wall where itis most needed
or he may pryvide openings in it to weaken it considerably.

Most of the research workers have treated the shear-wall building as a cantilever and
their analysis suffers from excessive idealization. For example Martin Schulz® has analysed
a multistorey shear-wall with a row of identical openings in each storey, by considering it as
a pair of beams with elastic connections. A second degree differential equations of the form.

ot @ N=pM )
is obtained where ‘ ‘

N=The shear force in connecting beams at each story.

M =Bending moment in the shear-walls.

*Assistant Professor, Department of Civil Engineering Regional Engineering College Srinagar~6 (Kashmir),
2,3 ... Refer the serial number of references given at the end.
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a,8=Constants, depending on the elastic properties of shear-walls and connections.
The solution obtained is of the form,

N=A cosh ax + B sinh ax 4 a—%—Mo+£~Mo" 2

Other workers like Eriksson* and Beck® adopt similar procedure with some modific-
ations. ‘

The limitations of this procedure are obvious. Apart from the question of considering
a 3-dimensional structure as a one dimensional element, it is assumed that all the openings

are similar and uniformiy spaced. Thus for a normal building with unsymmetrial walls and
openings the theory is not applicable,

New Techniques for Iso'ated Shear Panels
The governing equations for the shear-wall problem in the simplest form are:

00x O0%xy . : A
ox + -y 0
OTxy d0x ‘ o%v
E — = P
x T a3y + ay® £ I
r 3)
ou v (1—v3)
9X -4 v ay - E Ox = 0 .
go L ou  2(14w)
ax + 3y - TE Txy = 0 J

Where ox and vxy are the direct and shear stresses and u, v are the displacements in
x and y directions. Exact solution of these partial differeatial equations with practical bound-
ary conditions is nearly impossible to achieve. Classical methods like ‘conformal mapping
techniques’ and ‘Galerkin’ or ‘Kantorovich’ methods have been tried without much success.
Hences a search was made for new methods and various mathematical and semi-equivalent
methods tried. Finally the following two methods, termed as ‘Line Solution’ and ‘Grid
Analysis’ were developed for general application.

Line Solution Techniques

Details of the Line solution techniques has been presented earlier®,?. Briefly Speaking
it is & semi-exact mathematical method for the solution of linear partial differential equations
with constant coefficients, having two-point boundary conditions. The ‘n’th order governing
partial differential equation of any two-dimensional structure is rendered unidirectional by
dividing the structure into a number of strips by a series of ‘m’ lines parallel to, say the ‘x’
axis, and replacing all the y-derivatives with their finite difference equivalents. This gives a
set of ‘m’ ordinary differential equation of ‘n’ th order which in turn are reduced to a set of
‘mn’ first order equations by the use of a new set of variables as:

ddF;k,l Fk’“'l (k = o,1,2,...m — I;J == 0, l’ 2, ..n — 2)

- (4)
In matrix form the set may be represented as: -
dF
N F
ix A F 4+ B 5)

Where A is asquare matrix of size (mn X ma) and ¥ and B are gon'formable
column matrices. This matrix differential equation is solved by ‘matrix progression’ method
and standard computer programmes are made available. :
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Grid Analysis

This is an equivalent method 8" for the solution of general plane-stress problems and
and consists of replacing the actual 2-dimensional structure by a hvpothetical structure with
one dimensional clements, to form a grid work. Conditions of equilibrium .and compatibility
are approximately satisfied by specifving desired areas and moments of inertia to the members
of this grid. However, this is the only approximation made in this analysis. The resulting
grid is exactly solved by the stiffness method and a standard programme for the Ferranti
Pegasus computer has been developed. The accuracy of the results obtainable by this method
is comparable to any of the so called exact methods.

A Generalized Method of Analysis

The difficulties mentioned earlier have to be considered ﬁrst and 'thCI'l' successful
solution would form the basis of the new theory. The problem will be studied in two stage
i.e. the analysis of isolated single storey shear-walls and the analysis of general multistorey,
multi-bay shear-wall buildings. B :

Analysis of Single Storey Shear-walls

A detailed  study of this stage of the problem has  been successfully done using these
methods. Briefly speaking the following cases were considered:— :

a. A shear-wall on a rigid base, under a uniform lateral load:
b. A shear-wall on an elastic base under a uniform lateral load.

. A shear-wall with an opening on a rigid base under a "“,ifofm'IQ?d- i
d. A shear-wall with an opening on a elastic base under a  “orm lateral load.

Line Solution and grid analysis techniques were used for all wases though numerical

results could be obtained for case ‘a’ only in the case of Line Solutio

Grid analysis, however. was much more successful and ve: lose agreement with
experimental res1)1,lts could be obtained in all the cases. Extensive computer %rogrammcgs
were developed for the computation. Necessary tables and graphs have now te be prep?;g
for the stiffness factors and stress concentration ratios for various shapes an(.1c1 mzte)si of the
shear-walls and openings with different boundary conditions. It will take consi cr}a; °htmll§
on the computer but no further thinking is needed for this. These tables and graphs s olu t
be so prepared that for any shear-panpel the designer §hould be able to know the equivalen
stiffness and expected maximum stress and its location in the panel.

Analysis of Multistorey Buldings

. This stage of the problem is more difficult and 3
merits an extensive treatment. The following steps \
Q | WEAKER SHEAR
k PANNEL WITH
/

7

are suggested to obtain the solution. Actually this
should form the basis of a completely new theory for s snEan

the design of tall buildings- \ %,}rg:ﬁhgvsxmour

7,

YA P

\

N
) A. The whole buiding is treated as a 3-dimen-
sxonal_structure and all the wind load at a certain floor
level is to be taken by all the shear-walls anywhere on
that 1lioor in the proper direction. Fig. 1. shows a AN
typical random positioning of the shear-walls in a S’\ N

.W}\rkﬂm

certain bay of a multistorey building.

ete pood

Fig. 1 A Typical Frame with Shearwalls
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B. Usually there will be some frames
‘more stiff than others i.e. having more num-
ber of, or stiffer shearwalls at a certain
lc:ve)-than the others (Fig. 2). Naturally in a
continuous structure, such frames shounld
take more wind load compared to the weaker

frames, and some transfer of wind load is
necessary.

C. This shifting of wind loads from
weaker frames to tronger frames is allowed
by providing elastic connections between
these frames. The transfer takes place
through floor slabs acting as horizontal shear-
panels.  Their stiffness is calculated and
substituted as the stiffness of spring connec-
tions between the frames (Fig: 3).

D. Analysis of the whole building
can be finally done on a large computer, as a
series of frames having various stiff panels at
different locations (generally represented as
an inclined member of equivalent stiffness)
and the adjacent frames jioned together by
elastic links, (Fig. 4) having the equivalent
properties of the floor slabs. The computer
time will depend on the number of stories in
the building and the number of bays in both
directions. For a 9 storey building with 3
and 4 bays in x and y directions, it will be
about 1% hour onm Ferranti Pegasus Il
computer,

Secondary effects like the bending
stiffness of roof slabs and cladding should
also be considered in the final analysss.
~This is necessary for accurate prediction
of displacements and stresses.

Elastic Properties of Connecting Links

If we consider a symmetrical shear-
wall building having similar  shear-wall
in every storey and bay 3,2 where the
overall stiffness of the frames if propor-
tional to the wind load or seismic actions
borne by them, it is clear that the
individual deflection of each frame will
be same and the conmecting links shown
in figure 4 will remain unstressed, Hori-
zontal shear panels will be under stress
only when there is some transfer to load
due to unequal deflection of adjacent
frames, and the net deflection of a shear
panel will bo equal to the extensioa
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Fig. 2. A Typical Floor' Plan Showing
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Both Dircciions.

T 7

iInd FRAME H-H

13t FRAME A-D

Mird FRAME

GGk

Fig. 8 Connection of Frames by Elastic
Links.
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FOR SHEARWALL W, EQUIVALENT M1 = 4
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Fig. 4 Reduced Frames with Loading
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of the equivalent connecting link. The equivalent area of these links can beound out from
this consideration provided the deflection characteristics of the shear panels in question

are known,

The moment of inertia of the elastic lmk could be assumed as zero or it will be hinged

at both the ends.

This is necessary as horizontal shear panels can not increase the overall

stifiness of the building. Their job is only to produce an equ1table distribution of horizontal

forces.
Experimental work and Results g;:%
Experimental investigation for the — ";iif;::;u D t:ei:‘,‘
analysis of single storey shear wall men- i S I &8
tioned eatlier was done by using 2 % i o : 43
dimensional photo-clasticity.  Araldite - e ""\\:_:;;{\
B was used for the modeis. To & e N\
facilitate the experimental works quare <[/ \
shear-walls with or without centrally &~ / N
located square holes were used. The " A
agreement between  theory (grid ana- ‘ ] 1 ‘ ‘ \'-
logy) and experiments was very good. R e T T T S A ™

As an example,
stress for lines “N” and ‘P’ are
presented in Fig. 5and 6. The case 1s
that of a shear-wall with an opening
resting on an elastic simply supported
beam. These clearly show that the grid
analogy technique is quite reliable for
complex cases.

Conclusion

The theory discussed in this paper
has tremendous possibilities and extensive
application in practical problems may be
expected when the design curves and
tables are made available. Preparation
of - the design curves is a time consuming
process but once they are available,

the curves of shear
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Fig. 5 Shearwall on Elastic Base, Shear Stresses At *N°
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Fig. 6 Sheerwall on Elastic Base, Sheer Stresses At ‘P*

the actual analysis should rot take much time on a fast computer. The grid analysis technique
is quite suitable and iis accuracy is demonstrated by the close agreement between experimental

and theoretical results.
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EFFECT OF DENSITY AND DYNAMIC LOADS ON $HEAR
RESISTANCE OF SANDS
V.V.S. Rao*

.Synopsns

At presént no rational method is available to calculate the shaar strength of sand at any
void ratio when the same at a particular void ratio is known from laboratory tests. Similarly the
reduction in shear strength due to dynamic loads can not be calculated. In the present paper results
of laboratory investigations in this direction are reportcd A modified Coulomb’s equation is
presented which relates the shear strength with static and dynamic normal stresses as well as with
dngle representing zhe void ratio.

For a dcsxgn engineer the variation in the sbear strcngth of sands due to vanataon in
dcnsnty and due to superposmon of dynamic loads on normal static loads is yet an unsolved
problem It is of course well known that decreasing denstty as well as increasing dynamic
loads reduce the shearing resistance of sands. Lorenz (1) has proposed a rational method
of estimating bearing capacity of shallow foundations on the basis of behaviour of soil under
shear. But, the application of this method is very much limited as this bebaviour directly
depends upon void ratio and, as mentioned before, this behaviour is yet not very clear.
Although many research engineers have investigated this problem, no useful method is
availabl€ to predict the shear resistance at any densny when the same under a partlcular
density is known.

In a similar manner, we are still in dark about the cffcct of dynamlc loads. It was-
Hertwing (2, 3, 4) who was the first person to throw some light on this problem. According-
to his famous'resonance theory, the shear resistance under resonance. Thus, -he stressed
the influence of frequency on the shear resistance. On the other hand, Lorenz (5) is of the
view that this reduction might be due to dynamic loads also.

The credit of conducting the pioneer series of dynamic shear tests on sands goes to
Mogami and Kubo (6). They fixed a small shear box on a vibrating table and conducted
the shear tests so that the vibrations are exerted in a, plane perpendicular to the
direction of shear force. On the basis of these and some other experiments, they
suggested a ‘“ liquefaction theory * according to which the soil would behave like a
liquid under vibrations. The cause for this effect they gave to.be the aceelerations of
the vibrations. In many of the experiments reported by Mogami, the angle of internal
friction of sand is very high, upto 67°. According to him this is due to the friction
between the walls of the shear box and sand (7). As one can easily recognize, in the experi-
ments, instead of applying dynamic loads, the sample has been subjected to high inertial
forces by fixing it on the vibration table. As such it is the vibration of the table that has
been measured aud not of the soil sample itself. Thus one has to be very cautious in applying
these results to predict the behaviour of sands subjected to dynamic loads.

Similar experiments have also been conducted by Kutzner 8) who arrives at the
same conclusion as Mogami.

On the other hand, Sawtshenko (9) constructed a new ;type of shear apparatus,
wherein the direction of vibrations coincides with that of the shear force. On the basis of his
results, Sawtschenko concludes that the reduction in_shear resistance depends both upon
amplitudeas well as on the frequency of vibration. The results seems to be obvious as the
vibrations induced coincide with the shearing direction, Hence, it is not possible to arrive
at any useful conclusions for design engineers on the basis of the above available results.

*Assistant Professor, Indian Institute of Technology, Delhi.
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_ As such in 1963 a research programme on ‘‘the shear strength of dynamically loaded
80ils” was undertaken by the -author “in ‘the Institute for Foundation Engineering of the
Technical University of Berlin. The main.aim of this programme was to conduct intensive
dynamic shear tests on sand and investigate the influence of various factors like density,
dynamic and static loads on the shear strength of sand. A theoretical investigation assuming
sand as a systematic packing of spheres led to the formula for shear resistance as

T %= T (gt — ogyn) tan (¢ + a) b (1
.where :

C = apparent cohesion

ot = Normal static stress
odyn = Normal dynamic stress RN .
? = Frictional angle between the wEf— .
‘ sand particles, |
and & = the angle formed by the slip [
line at contact points with the i : .
direction of the shear stress. I . ‘
In an ideal packing of spheres, ok
o depends upon the void ratio I
of the packing and varies -
between 0° and 19° 30’, corres- :
ponding to the variation of - .
void ratio from 0.92 to 0.35 . P e
respectively. This variation is S
shown in fig. 1. Fig. 1 Relation between the angle ‘@’ and void ratio ‘e’

In deriving this formula, the shear strength of sand is taken to comprise of two ‘Tesis-
tances; frictional resistance due to interparticle friction, and dilational resistance due to
particles ‘‘riding” over each other. During the analysis 1t was found that as the shear takes

place,"the ;soil gets compacted in the
beginning and*when the frictional resis-

tance is fullyjmobilized, the soil starts o8 %] .
expanding, % beginning to  mobilize g"‘” (5] o _
dilational resistance. If the vertical . Tl

deformations during a shear test is

measured, a turning point will be obs-

erved, when the sample which had o4
8ll along been consolidating upto that
point. starts to expand. This point is
called as Point of Reversal (R-Point)
(Fig. 2). The shear stress corresponding
to this point is the total frictional
resistance offered by the eample and
the < in Bquation 1. represents this 7
stress. The excess shear stress measured
after this point corresponds to the 0 T T
dilational resistance. But, as the dila- . . — :
tional resistance depends upon various 0 oo R e 2 90 5 Vogmm

factors like particle shape and size and Fig. 2 Typical S and V Diagramme from a static shear test.

direetion of shear with respect to particle orientation, it can not be taken into account in
designs.

T/

02

In case of purely static loads, Equation 1 reduces to
Tt = € - ot tan (P + «) (2)
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Fig. 8 ~ - Fig. 4

A modified constant stress type of Casagrande shear box apparatus was used for
conducting the shear tests. In this modified setup, the shear box is fitted with wheels, and
rests on a level steel plate fixed over a masonary pillar. The top balf of the box is connected
to a lever arm on which a wagon loaded with dead weight can be made to move atany
required speed  with the help of a variable speed motor and chain system. The bottom half
is linked to a pendulum with a heavy weight so that the shear load applied at any instant,
which is proportional to the movement of the pendulum can be calculated by measuring this
movement recorded on a recorder. The  vertical load is applied through another
lever arm which is so fixed that it can rotate in both vertical as well as in horizontal planes
freely obout a fixed point. To apply the dynamic loads, a small mechanical vibration
generator was fixed between the top toothed plate of the shear box and the vertical load lever
arm. The amplitude of the vibrations induced in the sample was measured with a vibration
pick up (Philips-PR 9261) fitted between the top and botton surfaces of the sample as shown
in the Fig. (3). With this arrangement frequencies over 100 cps could be attained. The
details of the set up are shown in figs. 4, 5 and 6.
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To determine the void ratio of the
sample at the start of .the test, the shear
box was before: 'hand calibrated for volume
against the “Height - X - as shown in Fig. 7,
by casting wax samples in the box and
d:termining its volume later,  Thus, not
only could the initial void ratio of the
sample, but also its variation during the
tests could be determined. All tests were
conducted on Berlin Sand, whose sieve ana-
lysis is reproduced in Fig. 8. To avoid the

ore pressure effects, only air dry sand was
P p s Y ,

used for all tests.

SAND ]
FINE  MEDIUM COARSE
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Fig. 8 Grain size distribution of Berlin sand
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Fig. 7

- In the analysis of the results, the

T values corrdsponding to the R- points
have been considered. This R-point
appeared in all cases and was very
conspicuous. A typical curve is shown
in fig. (2). From the analysis, it was
found that the shear strength- equation
for this sand is

Tst = 0.1 + oy tan (10° 4 d) (:3‘.)

On the basis of the readings of
vertical deformations, trials were made
to correlate the change in void ratio
with the initial void ratio and the
normal loads. But no systematic resu-
1ts could be obtained, Every sample
got itself compacted to ap arbitrary’
void ratio. This might have been dye
to the variation in void ratio within
the sample itself. ‘
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.. In order to further verify the a_BIERRUM [10} -
validity of the equation (2), the publi- ‘ Sl e — e
shed test results on sand and other w S iy o N e
cohesionless materials conducted by ' R —
various investigators have been used. =TT~ " - DELLSTERL BALSIT
In fig, 9, the angle of interal friction “0 ~
(¢) measured in the experiments have 1
been plotted against the void ratio and %
a smooth curve passing through the &
points have been drawn. On the same 3
ﬁgprc, the theoretical variation of a with e
void ratio (i.e. when ¢ = 0-in equation _
2).has also been plotted. In can be »
seen that all the curves run parallel
to each other. The distance between o
any particular curve obtained from the Pooer e 008
experimental results and the a - curve Fig.9 ¢

represents the value of ¢ in equation 2. This value is independent of vo_’id.ratio. According
to this method of analysis in the experiments of Idell, the angle of friction betw;en glass
spheres works out to be 18.5° and that between steel ones 8°. - Wittke [15] has cxpenmcntall(y
determined the Coefficients of friction of the steel and . glass spheres used in the resrsoand their
values are 0.15 and 0.40 respectively, corresponding to the ¢ values of 8.5° and 21.8°. These
values agree well with those obtained by present method of analysis. ‘

(x4 GX) 613

Thus, the angle in Coulomb’s equation has been replaced by a sum of two ;mgles, a
frictional angle and an angle depicting the void ratio of the sample. In an ideal case of a
packing of uniform spheres, the frictional angle between the spheres can be assumed to a
good accuracy. 1n case of sands however it is verv difficult. As such, itis suggested that,
at least two well controlled experiments on disturbed samples be conducted in the laboratory
so that from known values of ogt and a as well as from the measured value of T, the two
unknow quantities, c and ¢ can be evaluated to form the shear strength equation for the sand
under consideration.

In the case of dynamic shear tests also the shape of the V-Diagramme§ had the R-points
as in the case of static tests. Only for samples with high void ratios subjected to dynamic
loads almost equal to static loads did the sample consolidate continuously upto failure. In
such cases the = value by failure was considered for the analysis:; -

As in the static case, here also a linear
relation between t/o vse, void ratio, was

STATK _TESTS §

recognized (Fig. 10). The influence of ampli- U s
tude and acceleration of vibrations on the i e @

shear strength was not very regular. This S
was due to the fact that for every Eccentric ot
mass combination, there existed a particular q‘.[
natural frequency, but this natural frequency

had no influence on the shear strengih. The S v Fig.10 .
influence of the frequency was however :

more regular. The decrease in shear strength at any particular frequency depsnds upon
the eccentric mass in the vibrator. Fig 11 shows this effect for a particular os value.

©% 23 07
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In Fig. 12 the relation between
(ost — oayn) and 7 is plotted from all cases sl
of ogt for a particular value of void ratio,
e = 0.55. The angle ¢ for this case is
25.50° same as in static case. Similar curves
were also plotted for other values of e and it
was found that the values so obtained were ] koferd
the same both in dynamic and static tests. ¢ 20.55
Thus, the shear strength equation under h— - -
dynamic loads came as " o -

Fig. 11

04

/e

Tdyn = 0.1 4 (o5t — oayn) tan (10° 4 a) (4)
thus confirming the equation (1)

€053

Odyn __ Tst — Tdyn /

= o L el
Ot st — 0.1 &) /’zs)s/

From equations (3) and (4), it follows that

-’ T[rfemd]

This results has been plotted in Fig.
(13). Hence, in conclusion, it can be said
that these theoretical as well as the experi-
mental results have confirmed the views of 0
Lorenz (5) that the value of dynamic loads
is the controlling factor in the reduction of
shear strength. The shear strength of a sand
is related with the density and (ne dynamic
loads as given by equation 1.

10 20 R E L
Ve ™4 1 {kp/emi]

Fig. 12
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FIRST GENERAL MEETING OF THE
INDIAN SOCIETY OF EARTHQUAKE TECHNOLOGY

The first general meeting of the Indiaﬁ Society of Earthquake Technology was held
at Roorkee at 6.00 P.M. in the Uuiversity Senate Hall. 34 members of the Society attended
the meeting. o

The report on the working of the Society, its financial position and statement of
accounts was presented by the Secretary and approved.

Revision of the constitution was considered and the various clauses of the amended
constitution were approved with necessary modifications.

The Society will now adopt the financial year starting from April Ist, instead of the
the calendar year from January Ist, and it was decided that the subscriptions for the year
1967-68 from Janmuary Ist, 1967, to Mareh 3lst, 1968, be kept as Rs. 18.75 on proportionzl
basis at the rate of Rs. 15.00 per year. :

After the business meeting Dr. Jai Krishna, the President of the Society addressed the
General Body and the Chief Guest Sri H. P. Sinha, Director General (Road Development)
and Additional Secretary, Department of Transport and Shipping (Roads Wing), Ministry of
Transport and Shipping, Government of India, New Delhi delivered the inauguaral address.

The general meeting was followed by a contributory dinner in the E.S. Mess.

ADDRESS BY THE PRESIDENT - ‘Dr. Jai Krishna*

I am very thankfull to the members of the Indian Society of Barthquake Technology
to have clected me as their President for the second time. I am very conscious of the respon-
-sibility that this office brings on to me particularly at this stage of development of the
‘Society.  One of the greatest difficulties that we face is that the terms “Farthquake
“Technology” or even “Earthquake Engineering” are not generally understood.  The other
‘day I was attending a mecting of the Nasional Institute of Sciences in Delhi and two very
distinguished scientists asked me what the term “Barthquake Technology’ meant and they
‘said that “‘we understand by ‘Technology’ some thing connected with ‘Production’ and if
this Society aims to encourage production of carthquakes you can hardly expect any support
from us”. Isaid “Will Earthquake Engineering be understood better’  the reply was that
“Engineering earthquakes is no better than producing them’. Similarly when this University
wdmuted the first batch of the post graduate students to the course on Earthquake Enginee-
ring, the students wanted me to explain to them the full significance of the term ‘‘Earthquake
Eng}inecrmg” before they would take admission. This has been the situation for all these
thréfe years, but now I feel gratified that the term, the work and the objectives of the field of
:siufgdy of earthquake technoiogy and consequently the aims of this Society are very much better

i
J

* Professor and Director, School of Research and Training in Earthquake Engineering, University of
Roorkee, Roorkee, o C ‘
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understood. We got full quota of 10 students for post graduate work this year and the
membership of the Society has increased over 200, We are now receiving more and more
appreciation from the members regarding the quality of its publications. Demand for them in
India and abroad has considerably improved.

. The Society offers a unique opportunity of providing a common ground for structural
engineers, soil and foundation engineers, electronic engineers, mechanical engineers, geologists
and seismologists to get together and collaborate in facing the problem that arises from the
most devasting, unpredictable and indeterminate of all nature’s forces that confront man on
this earth. I should have added zoologists also to this list because it has sometimes been
observed that animals and birds seem to feel the coming of an. earthquake much earlier than
1t actually arrives They might thus discover a metbod of sounding an alarm bell for earth-
quakes. They are quite welcome if they would like to join us. No other field seems to offer
such an opportunitry for collaboration between scientists and engineers trained in such different
disciplines. The importance of such a Society, therefore, cannot be over-emphasised.

. There are two main facets of the problem that engagesthe attention of scientists and
engineers at present. One deals with the prediction of earthquakes. lt would be a very
laudable objective to be able to predict them particularly because it is impossible to prevent
them. The actual work involved in this problem however, presents great difficulties and huge
expenditure. The state of prediction at present is that we could locate the areas where
earthquakes could be expected to occur in future, but we cannot pin-point the epicentres or
predict the time of occurrénce of earthquakes or their size. In this state of knowledge, half-
baked prediction can lead to very serious psychological and socio-economic problems. We
should look forward to the day when some one can predict earthquakes so accurately that
life and- property can- be saved, but till this knowledge gets perfected it would be dangerous
to forecast them. There is now a school of thought that consider the expenditure on research
In prediction to be a waste since the ultimate problem is that of engineering which has to be
solved in any case whether we can predict or not. That is a point of view. Both programmes

- are important but if we have to choose between them due to shortage of resources, the engi-
neering programme obviously takes a precedence.

The engineering research programme, as undertaken in India and abroad, consists of
deve;loping methods of analysis, devices of measuring vibrations, methods of strengthening
engineering structures etc. These problems have to be tackled irrespective of our knowledge
regarding the time of earthquake occurrence. :

Gentlemen, it is well-known to you that India is one of the most seismic countries of
the world. Huge areas extending from Assam in the east to Kashmir in the north and
“Gujrat in the west have been affected by carthquakes from time to time. Towards the loca-
tion .of the epicentres the India Meteorological Department maintains certain number of
seismological stations and they are increasing the number of such stations gradually. A
helping hand has also been given in this direction by a few river valley project authorities with
results that several new observatories have come up in Punjab, U.P., Bihar and it is hoped
that more and more such stations will be established in all regions where future projects are

likely to be located. Another set of stations with the object of recording response of stru- .-

P

ctures to strong ground motion during earthquake has been established by the Schonl of

Research and Training in Earthquake Engineering. 28 such stations in the seismic areas| have .

already been established and a similar number is in the process of installation in_the next few
months. The objective of establishing these stations is to record the maximum force tha\§t the
- structures of different kind wiil be subjected to during earthquakes which cause strong mation
in the region where the station is located. They automatically take into account the geology
of theregionsand the foundation conditions in the area. The Earthquake School has taken
up the design and manufacture of more elaborate accelerographs to develop this programine.
A similar programme has been undertaken very intensively in USA and Japan, but due to
non-availability of foreign exchange we had to design and develop our own instruments for
the purpose. It has naturully delayed progress in this direction. Other countries also are
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now taking up this work. These instruments, in coursc of time will offer a lot of informa-
tion which will be of direct use to design engineers.

The Barthquake School has also undertaken a programme of engineering studies

including strengthening of brick buildings water towers, dams, arches, shells and different
~ kinds of foundations against earthquake forces. These are producing results which have
been utilised increasingly by various organisations in the country. An attempt is also being
made to find corelations applicable to this country between the size of earthquakes and the
energy transmitted at a particular location on account of it. This will help engineers in
assessing more accurately the ground motion which an earthquake of certain size will cause
in specific areas. Similar other problems have been taken up and the results will be published
in the bulletins of this Society and other important journals dealing with such problems
published in various parts of the world in course of time.

The Society is functioning as a clearing house for the technical material of propcr
quality offerred to it for publication. I hope the Society is steadily building itself up and
serving the purpose for which the delegates of the Second Symposium proposed its formation.
If, in course of time, the knowledge disseminated by the publications of this Society enables

the saving of some lives and property during future earthquakes, a great purpose will have
been served, ‘ ‘

I thank you very much once again for asking me to serve the Society in 'the capacity
as its President and [ take the opportunity ' to invite all delegates to the Symposium who are

not members of the Society so farto join us and develop this technical work at a high
academic and professional level. \

ADDRESS OF THE CHIEF GUEST ‘ Sri H. P. Sinha*

I am greatful to the Indian Society of Earthquake Technology for giving me this
opportunity te be with you. The Vice-Chancellor and your President, Dr. Jai Krishna, have
been good enough to ask me to inaugurate this session.

Although earthquakes are perhaps one of the earliest natural destructive phenomenon
known to mankind, it is strange that the science for the study of earthquake has not received
adequate attention so far. Fortunately the parts of the word seriously affected by earth-
y4vakes are not very exiensive, but still the earthquakes can be extremely destructive and also
take a large toll of life if an area is visited by a severe type. India is not free from the
ravages of earthquakes and more than one instance can be found in the history of States
like Assam, Bihar and Baluchistan (when it was a part of India), that very heavy loss both
of life and property occurred due to severe earthquakes. Your socisty is, therefore, playing
a very important role by furthering the science dealing with earthquakes. Your success will
mean saving property and many precious lives. |

*Director General (Road Development) and Additional Secretary, Department of Transport & Shipping
(Roads Wing), Ministry of Transport and Aviation, Govt. of india, New Delhi.
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Your society was formed in 1962 and I am told that you are meeting for the first time
after the General Meeting of 1962. Your Session is coinciding with the session of the
SYmposium on earthquake engineering at which various developments in this branch of
engineering and technology are being discussed and I am sure the delibrations will lead to
further enhancemect of knowledge of this science. One of the results of your activity is
refleccted in the formulation of the “Indian Standard Recommendations for Earthquake
Rcsis;ant Design of Structurers” issued in November 1962. This standard provides valuable
information for designing structures in the regions prone to earthquakes in this couutry. It
has revised the map of India showing the seismic zones and has also indicated six zones
mstead of three as orginally provided. The horizontal seismic co-efficient can now be applied

to a locality with a little more presision and is bound to lead to considerable economy and
safety in structures.

As the science of earthquake engineering is still in infancy, your society has a large
field open 1o it for observation, study and research. So far the provisions in the ISI code are
generally based “on the meagre visual informations available from the various destructi'{c
effect that have been noticed as a results of some of the earthquakes. The scientific analysis
for these occurances have not yet been possible because of the lack of complete data. It is
hoped that with the suggestions and guidance given by your Society the record of further
observations wiil be collected and compied, not only more exiensively but also more accura-
tely, so that-it would be possible to corelate them with the various mathematical analysis that
-are evolved while studing the action of earthquakes, No doubt the final resulis can be
‘obtained only after the detajled observations have been carried out for a prolonged period bpt
still ]_et us hope that it will be possible to make a move towards finding some interim
selutions even with the results of observations of a few years.

In the absence of detailed informatin in regard to the manner in which damages have
occured in this country due to earthqaukes, it is necessary for us to study the researches carried
out in other copntries which experience similar earthquakes and to draw conclusions for
applications in our country as far as possible. Japan and the United States of Amcrlca. are
among the few countries who have given considerable thought to this problem and have arrived
at conclusions which can be useful to our country also. Diffsrent structures are bound to behave
differently under the stresses caused by earthquake and, therefore the observations made for
.any types of structure cannot automatically be extended to other types of structures. Hence it
will be necessary to carry out more extensive and individualistic researches for covering all the
fields. As an example, the general impression of the study of damage caused by earthquake
on bridges)is that the damage is more in the foundations and sub-structure than the super-
“structure,’ In the super-structure the damage is more generally caused by the movement of
“the girders as a whole (due to which it topples down) than by the failure of individual members
of the girders which rest on moveable bearings, and is therefore of utmost importance in
the case of a bridge structure. A proper design for preventing this movement can be easily
.evolved and standardised. The cost of such device will be insignificant when compared  to
‘the cost of the bridge. A considerable amount of safety can, therefore, be built in the
, bridge structure with a small amount of additional expenditure.

Now that the science of prestressed concrete has developed considerably, it is poss.ib!e
' to make concrete structures slender enough to be flexible. This will specially apply to bridge

piers, A slender and flexible structure has more chance of standing the stress like that qf
an earthquake, than a massive rigid piece. If it can be mathematically proved that this
impression is really correct, perhaps a preference for prestressed concrete structures of this
type can be usually given for the areas which have heavy earthquake shocks.

The soil conditions also play a verv important role in the effect of the shock from
earthquake. A soft soil or a fill is generally fatal. A precaution in this respect, therefore,
should normally be takea invariably and : that should not cest much. A deep fOundauog 1s
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known to have a damping effect against the oscilation of the pier of a bridge and is, there-
fore, preferable to shallow foundations. When a deep foundation is made by sinking wells,
it is usefull to provide intermediate diaphragms in the well to strengthen the steining. It may
also be desirable that in earthquake areas, the wells may be of cement concrete, lightly reinfor-
ced, instead of brick or stone masonary,

It is obviously not possible to provide for the effect of the worst earthquake because
when the ground literally slips under your feet, nothing can prevent damage to a structure.
But fortunately such heavy earthquakes are few and far between and affect only a small area.
But it is the less violent earthquakes which, being larger in number, perhaps cause more
destructions and it is these earthquakes which can be taken care of by judicious use of
knowledge after study of earthquake technology. While damege to some structuies like a
dam or a bridge may or may not cause a very big disaster to a population, the collapse of
houses cause much loss of life. Here the damage generally occurs to the house which are
inadequately built structurally or are in a poor state of repair. One of the fairly effective
construction technology for house building in earthquake areas was to make them in timber.
These structures being light and also being able to stand tention better than masonary, were
generally less affected by earthquakes. With the dearth of timber such constructions are now
getting replaced by heavier structure in masonary and concrete. The necessity for providing
safety in house structures has thus become all the more urgent.. Fortunately the larger
structures of reinforced concrete are generally safe; but still most of the houses are of
brick or stone masonary where it should be obligatory to make them safe by providing devices
like reinforced concrete bands and verticals in the structures. The average man is ignorant
of the imperative necessity of such safety measures and he has to be guided by rules and
regulations of the town authorities. Your advice as to in which regions such construction
should be compulsory may be very useful to the town authorities in framing their regulations.
It may also be a good idea for the society to prepare a model regulation giving at the same
time reasons for the recommendations made, so that the authorities eoncerned can fully
appreciate the necessity of exercising control over the construction of building structures in
such regions. :

~ You may therefore like to organise the activities of the society in such a manner *hat
groups of experts in several aspects of the study have opportunity to sit together or exchange
views by correspondence in the periods in between your annual meetings and thus bring out
concrete proposals. for ratiflcation by the General Body at the annual sessions. For this
objective perhaps an arrangement of working in Sub-committees will be very appropriate.
Each Sub-Committee will presents its report on the work done and progress made during the
year. The Society will in due course be in a position to formulate some kind of codes or
standards as would be expected form a learned body like yours.

May I again thank you for according this opportunity to me to be with you. Iam
conﬁdcn_t that your activities will help the country in gaining greater safety against earth-
quake and thus make the living in such areas free from anxiety. .



26 Builetin of the Indian Society of Eearthquake chbno}ogy

REPORT ON THE WORKING OF THE SOCIETY AS ON OCTOBER, 1966

The decision to establish the Indian Society of Earthquake Technology was taken at
the time of the Second Symposium on Earthquake Engineering held at this University in
1962. The Society actually came into existance in January 1964 by which time all the forma-
lities of registration etc. were over. Since then this is the first general meeting of the Society.
Thqrefore I take the opportunity to place before you how the Society has been progressing
during the last 2 years and 10 months of its existence.

Membership

The total number of Individual Members at present is 168 from India and 19 from
abroad and that of the Institution Members is 21. The State and country-wise break-up of
the present Membership is given in the Appendix. The yearwise progress of enrolment is
given in the following table. ”

—

| Enrolled during the year

Membership | | | 1566 upto |
_Individual Membership” ~ 133 33 23 189
| Withdrawn -2
187
Institution Membership : 15 4 2 " 21

Membership drive

A circular letter was sent oanuly 15, 1966 to all Engéneerihg Institutions in the country
for attracting new Institution and Individual Members. There has been good response and
10 new Individual Members have been enrolled during the last iwo months.

Publications of Builetin

The Society has so far published two Bulletins in the year 1964; two Bulletins in the
year 19€5 and two Bulletins in the year 1966. Accorsing to a decision taken by the Executive
Committee in the end of 1965, there aught to be three Bulletins in the present year. It was
however decided in a subsequent meeting that in lieu of the third issue of the Bulletin in the
current year. the members of the Societv may be supplied the proceedings of the Third
Symposium on Earthquake Engineering to be held on November 4th to 6th, 1966 at a conce~
ssional price of Rs. 25/ each against the full price of Rs. 45/-. A formal notification to this
effect was inserted in the Society Bulletin Vol. 1!1, No. 2.

The features covered in the Bulletin at present are the news of the Society, technical
papers, seismological notes and abstracts of papers published in other journals in the general
field of earthquake engineering. Your suggestions to include any other special features in
the Bulletin are invited.

Funds

The position of funds of the Society has not been comfortable. Some times it has led
to some what delayed publications of the Bulletin. Unfortunately the subscriptions of many
members have remained in arrears. The position of payment of shbscriptions as on 31.10.66
is shown below  Efforts have been made to have the payments upto date as a result of which
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we have now a balance of Rs. 248699 gag compared with Rs. 102898 as on 31.12.65. This

places the Societly in better position for publishing its Bulletin regularly and with increased
frequency. L

In order to strengthen the financial position of the Society, a request has been made
to Government of India, Ministry of Education, New Delhi. for giving a grant-in-aid to the
Society. Tt is hoped that some grants will be made available to the Society bv the end of
the current financial year. It is also proposed to request the State Governments of Earthquake
Affected Zones for grant-in-aid for furthering the objectives of the Society.

Position of Payments of Membership Fee as on 31 October, 1966

Members Present strength Not paid for 1965 Not paid for 1966

Institution Members 21 | 3 | 5

Individual Members 187 49 77
Constitution

For improvement in the working of the Society, some changes were felt necessary in
the Constitution. The more immediate was the election procedure which used to be by
election at the time of general meeting. This has now heen changed to postal ballot by taking
the consent of members by - correspondonce, Some other amendments are proposed so as to -
activate the Society, the most important among them being the holding of an annual general
meeting in the month of April every year. The financial year of the Society is proposed to
be changed to April 1to March 31 so that the elections could be held in March and the
- Anmnual General meeting be held in April where in the new Executive may - take over charge.

At this meeting it is propesed that that the papers published in the Bulletines in the previous
year may be discussed, ‘

‘ It is proposed to request the Railway Board to extend the Travel Concession to the
members atiennding meetings of the Society on the same lines as it is extended to other societies.
I would also recuest your approval to payment of single first class train or bus fares to the

members of the executive for attending the meetings from the Society funds wherever nece-
ssary and if funds permit. : . "

Elections

Elections were held in the month of Nov./Dec.’ 65 for the new Executive Committee
by postal ballot and the present Committee took over charge in March 1966. 1f the proposed
amendments to the Contitution are approved, the new Electians will be due in March 1967.

Acknowledgements

In the end I take this opportunity for expressieg the appreciation on behalf of the
all the members of the Society for the spa‘e wqu dpne by_ the first Executive Committee to
bring the Society into existance and start it going in the right direction for fulfilling its aims.

A. S. Arya
Secretary
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APPENDIX

State-wise break up of the Members of the Society

State Individual Members

Institution Members Forgein Members
Assam 4 1 Canada 1
Andhra Pradesh 6 1 Greece 1
Bengal 8 3 Japan 2
Delhi 21 8 Mexico 2
Gujrat 1 — Nepal 1.
Himachal Pradesh 2 1 U. K. 4
Jammu & Kashmir 1 — U.S. A, 8
- Kerala 1 — —_———
Maharashtra 16 3 19
Madras 3 — —_———
Mysore 6 —_—
Madhya Pradesh 7 —
Orrisa 3 —
Punjab 9 —_
Rajasthan 5 1
- Field Employees.
(from Military) 1 —
Uttar Pradesh 74 - 3
168 21
Anmnual Statement of Accounts of ‘ISET’ for the Period from
Ist January 1965 to 31st December 1965
Reoeipts Total Rs. Expenditure Total Rs.
Opening balance
a) Cash at Bank Rs. 688.48 1. Printing 1622.05
b) Cash in hand Rs. 246.86 935.34 2. Postage 258.55
1. Membership fee @ —-———— 2673.85 3. Remuneration 265.00
2. Sale of Bulletin 123.90 4. Bank Commission 20.00
3. Advertisement. Nil 5. Stationery 481.51
6. Closing balance 1082 98
Total Rs. 3730.09 Total Rs. 3730.09
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Balance Sheet of ‘ISET’ as on 31st December, 1965
Liabilities Assets
Remuneration payable Rs. 20.00 Stock of Bulletin in hand Rs. 4282.50
Capnal (excess of Assets Cash at Bank Rs. 1067.98
given below) Rs. 5345.48 Outstanding cheque Rs. 15.00
' ‘ Cash in hand Nil
Total Rs. 5355.48 Total Rs. 5365.48
Details of Bulletine in Stock
1: Bull. Vol. I, No. 2 207 Nos. Rs. 1552.50
2: Bull. Vol. II: No. 1 189 Nos. Rs. 1417.50 -
3. Bull. Vol. II, No. 2 175 Nos. Rs. 1312.50
Rs 4212.50
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- CONSTITUTION OF THE INDIAN SOCIETY OF EARTHQUAKE TECHNOLOGY®*

Article 1—-Name of the Society

1.1 The name of the Society shall be “Indian Society of Earthquake Technology” and
shall be referred to as the ‘Society’ hereafter in these articles. :

1.2 The headquarters of the Society will be at Roorkee.

Article 2—AIM and OBJECTS
2.1 The aim of the Society shall be

(a) to provide necessay forum for seismologists, geophysicists, geologists and engineers
to come together and exchange ideas on the problems of earthquake techuology.

(b) to disseminate the knowledge in the field of earthquake technology dealing with
seismological, geological and engineering aspect. '

2.2 The Society shall maintain close liason with the International Society for Earthquake
Engineering and other national and International institutes working with allied objectives.
Article 3—Membership

31 The membership of the Society is dpcn to all individuals, institutions connected with
or interested in any aspect of Earthquake Technology-Seismology, Geology or Engineering.
3.2 The Socicty shall have following categories of membership.

(i) Institution Members

(ii) Members. .
3.3 Institution Members—The Institution Membership is open to all Institutions (Univer-

sities, Colleges, Government Departments, Design or Construction Firms and the like)
interested in earthquake technology. :

3.4 Members—The Membership of the Society is open to all individuals associated ‘with or
interested in Earthquake Technology. In addition to this, he must have the following
qualifications : :

(@) Any recognised Engineering Degree or 1ts equivalent such as corporate membership.
or \

(b) A Master’ Degree in any braach of Science or Technology or its equivalent,

Article  4—Subscriptions

4.1 The financial year of the Society - will be from April Ist to March 31st and the
annual subscription will be payable in advance on the Ist April, each year.

4.2 The rates of subscription for different categories of Membership are given in the
Bye-laws to the constitution.

Article 5—Forfeiture of Membership

3.1 A member will forfeit his membership if his or her subscription for any year is mot
paid till 31st March of the year to which it relates and his name is liable to be removed from
the list of members after serving notice to the defaulting member to this effect.

5.2 Readmission will be made‘only after payment of all the arrears upto date.

*As passed by the General Body on November 5, 1966,
3l
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Article 6— Application for Membership
6.1 Application for membership shall be supported by atleast two mz=mbers of the Society
and shall be made to the Secretary of the Society.

6.2 The Executive Commitee, as defined in Article 7, will take all decision regarding en-
rolement of new members.

Article 7—TExecutive Committee

7.1 The management of the Society shall be in the hands of the Executive Committee which
shall consist of 12 persons including office bearers of which atleast 2. shall be from amongst
the ’representatives of the Institution Members.

7.2 The Executive Committee will be elected by the members of the Society from amongst
the members of the Society. The election will take place annually in the month of March by
postal ballot, B
7.3 The Bxecutive Commsittee shall consist of the following : —

1. President |
2. Vice-President
3. Secretary and Treasurer
4. Editor
5. Elected members

DO e e =

7.4 The office brarers will hold office for one vear but they will be eligible for re-election.
.No office bearer will hold the same office for more than three consecutive  years.

'7.5 The Bxecutive Committee shall have all powers in the direction, management and
promotion of objectives of the Society subject to any limitation imposed on its functioning
- by the Genrai Body. . : ‘ L '

“Article 8—Meetings of the Society .
‘8.1 The Executive Committee shall arrange a General Body meeting at least once a year.

8.2 At the General Meeting there will be paper discussions, and other important activities
in fulfilment of the obligations.of the'Society. : I

8.3 The quorum for General Meetings and Executive Committee mectings shall'be 25% of
.their membership. _ o ‘

8.4 At the time of Annual General Meeting, the Secretary \will present the anoual budgct;
statement of accounts and reports duly approved by the Executive Commuttee for the
approval of the General Body. : ‘ o

Article 9—Finance and Funds
9.1, The Society shall raise funds for pyrsuing the .objectives of the society through :—
(a) Subscriptions from the members '

(b) Grant from Government and other organisations
{(¢) Any other source approved by the Executive Committee.
9.2 The Society shall maintain a current account with the State Bank of India, Roorkee

University Branch, Roorkee into which subscriptions etc., collected shall be credited and
the account will be operated by the Secretary of the Society. '
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Article 10—Privileges

10.1 Priviliges of the various categories of the members shall be regulated as per the
provision in the bye-laws to the Constitution. e =

_ Article li—Duties of the Secretary

11.1 The Secretary shall be responsible for the maintenance of the office of t‘he’socic'ty
including all routine correspondence and operation of society funds in accordance with

<. the, directives from Executive Committee.

11.2  The Secretary will be responsible for the preparation, maintenance snd circulation: of
" all minutes of meetings. S S

~ 11.3  The Secretary will be responsible for all society publications.

BY-LAWS OF THE INDIAN SOCIETY OF EARTHQUAKE TECHNOLOGY *ISET”.
1.. . Subscriptions
“1.1 " The subscriptions for the different categories of ‘members will be as under :— ,
(a) Institution Members—Rs. 100.00 per year (foreign US. $ 20.00 or équivalcnt )
(b) Members—Rs, 15.00 per year (foreign US $ 3.00 per year or equivalent)

1.2 The annual subscriptions of Members may be compounded for life as set out in the
table in the Appendix.

1.3 The subscriptions will be collected on yearly basis from April to March and will be
payable in advance on April 1st for the financial year.

2. [Privileges

2.1 All members are entitled to participate in the meetings of the Society and receive
publications of the Society free of charge as under :— '

(a) Institution Members 3 copies
(b) Members 1 copy
3. Annual Report

3.1 Annual report for any year will cover all the activities of the Socicty during the
previous year. This report should contain the audited statement of the accounts of the
Erevious financial year and Secretary’s report .regarding the activities of the Society.
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APPENDIX
Table of Life Compounding Fee

Age next Rs. US $ or equiva- Age next Rs. US $ or equiva-
birthday lent from abroad birthday lent from abroad
25 or less 200.00 40.00 38 168.00 33.60
26 198.00 39.60 | 39 164.00 32.80
27 196.00 39.20 40 160.00 32.00
28 194.00 38.80 41 155.00 31.00
29 192.00 3840 | 42 150.00 30.00
30 190.00 38.00 | 43 145.00 29.00
31 188.09 37.60 44 140.00 28.00
32 186.00 37.20 45 135.00 27.00
33 184.00 36.80 | 46 128.00 25.60
34 182.00 36.40 47 121.00 2420
35 180.00 36.00 48 114.00 22.80
36 176.00 35.20 49 107.00 21 40
37 172.00 34.40 50 or over 100.00 20.00
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SEISMOLOGICAL NOTES
(India Meteorological Department, New Delhi)

Earthquakes in and near about India during January—September, 1966

Date Origin time  Epicentre Region  Approx. Magni- Remarks
(G M.T) Lat. Long. depth - tude
h. m. s. (°N) (°E) (Kms.)
1 2 3 4 5 6 7 8 9 10
Jan. 4 07 47 000 I1.8 950 Andaman. 33 5.0 -
(CCs) Islands (CGS)
Jan. 5 17 21 200 13.0 96.0 Andamaa- — — Recorded at many Indian -
(SHL) Islands Observatories
17 21 28.4 13.2 955 Andaman- 37 53 -
(CGS) ‘ islands (CGS)
Jan. 5 20 45 54.6 38.2 69.1 Tadzhik 33 49 -
(CGS) SSR (CGS) .
Jan. 11 09 12 59.3 340 72.0 W. Pakistan 40 5.4 Recorded at a fcw Indian
(CGS, (CGS) Observatories feit at
Bilaspur
Jan. 16 07 07 569 9.2 938 Nicobar- 33 5.2 Recorded at a few [ndian
(CGS) Islands ' (CGS) Observatories.
Jan. 19 01 45 261 3.4 97.3 Northern 33 43 —_
(CGS) Sumatra - (CGS)
Jan. 24 02 15 27.7 32.7 67.6 Afghanistan 33 5.2 -
. (CGS) (CGS)
Jan. 24 07 22 30 30.0 68.0 W. Pakistan — 60 Recorded at many Indian
(SHL) (NDI) Observatories.
07 23 07.6 299 69.7 W. Pakistan 12 5.8 —_
(CGS) (CGS)
Jan. 24 15 32 481 29.9 69.8 W. Pakistan 4 53 Recorded at many Indian
‘ (CGS) Observatories.
Jan. 25 15 02 11.0 290 kms. away - — 3.6 Felt at Bilaspur.
(NDI) from Delhi (NDI)
Jan. 28 08 52 02 39.0 73.0 Hindukush — —_ Recorded at many Indian
(SHL) Observatories.
(8 52 022 39.3 73.1 Hindukush 20 5.4 —_
(CGS) (CGS) v
Jan. 31 02 35 05.8 27.9 99.6 Yunnan Pro- 33 5.6 Recorded at a few Indian
- (CGS) vince, China (CGS)  Observatories.
Feb. 2 09 20 07.5 33.9 73.0 W. Pakistan 26 5.3 Recorded at many Indian
(CGy) (CGS) Observatories,

35

Feit at Rawalpindi and
Havelian.
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1 2 3 4 5 6 7 9 9 10
Feb. 3 12 46 262 40 kms. -~ — —  Felt at Sonepat.
: (NDI) N'W. Delhi '
Feb. 7 04 26 00.0 30.0 680 W. Pakitan —  —  Recorded at many Indian
(SHL) ' Observatories,
04 26 13.9 29.8 69.7 W. Pakistan 33 6.0 12 dead, extensive damage
(CGS) - ‘ (CGS) at Barkhan and nearby
‘ villages. Felt at Bhawalpur,
; Fort Manro and Lahore,
Feb. 7 05 21 44.6 300 69.9 W. Pakistan 10 5.4 Felt.
(CGS) (CGS)
Feb. 7 05 30 192 30.0 69.6 W. Pakistan 48 5.3 Felt.
(CGS) (CGS)
Feb. 7 08 38 113 30.0 69.9 W. Pakistan 15 4.8 Felt.
‘ (CGS) (CGS) -
Feb. 7 23 06 30.0 31.0 69.0 W.Pakistan — —  Recorded at many Indian
(SHL) » Observatories.
23 06 34.5 30.2 69.8 W. Pakistan 10 5.8 Felt in Loralai District,
(CGS) (CGS) Bhawalpur. Fort Manro
and Multan.
ng. 8 00 11 322 30.1 70.0 W. Pakistan 34 - —
(CGS) v ‘
Feb. 9 08 22 20 29.0 70.0 W. Pakistan — 5.4 Recorded at many Indian
(SHL) (NDI) Observatories.
08 22 179 29.8 69.8 W. Pakistan 29 5.2 Felt in Quetta, Multan
‘ (CGS) (CGS) and Bhawalpur areas.
Feb. 9 22 26 06.6 30.0 699 W. Pakistan 6 4.6 —_
(CGS) (CGS)
Feb. 12 08 04 57.8 39.1 71.6 Tadzhik 70 4.7 —
. (CGS) SSR (CGS) ‘
Feb. 12 I6 34 11.3 36.6 71.5 Afghanistan- 188 4.9 —_
(CGS) USSR Border (CGS)
Feb: 13 02 17 52.0 30 kms. - — 4.8 Felt Locally.
(NDI) S-W of Delhi - (NDI)
Feb. 13 02 59 28.4 30 kms. — - - Felt Locally.
S-W of Delhi
Feb. 13 19 09 47.4 298 69.7 W. Pakistan 33 5.1 Felt at Barkban.
(CGS) (CGS)
Feb. 14 05 41 06.5 29.3 69.5 W, Pakistan -44 4.8 Recorded at a few Indian
(CGS) (CGS) Observatories.
Feb. 16 09 44 21,5 299 69.7 W. Pakistan 34 4.6 —
(GGS) (CGS)
Feb. 17 09 28 38.4 10 kms.away = — — — Felt Locally.

(NDI) from Delhi
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Feb. 17 18 26 17.7 29.9 69.8 W. Pakistan 22 4.4  Recorded at a few Indian
(CGS) (CGS) Observatories. ‘
Feb. 19 09 43 01.3 37.4 703 Afghanistan 33 4.8 _—
(CGS) USSR Border (CGY) ‘
Feb. 19 12 50 42.1 353 70.9 Hindukush 59 5.1 Recorded at many Indian
(CGS) (CGS  Observatories. :
Felt at Peshawar.
‘Feb. 24 00 16 36.0 26.0 91.0 Goalpara, — - Recorded at many Indian
(SHL) ' Assam Observatories.
00 16 40.5 264 uy1.5 E. India 47 5.1 Felt at Shillong,
(CGS) (CGS ~
- Feb. 27 01 23 299 10kms N-W — — — Felt at Sonepat,
(NDI) of Delhi E
Feb. 28 20 05 05.7 358 71.3 W. Pakistan 153 44 —_—
(CSG) (CGS)
March 1 04 59 53 365 69.0 Hindukush 78 46 _
(CGS) (CGS)
March 2 04 02 46.5 36.1 706 Hindukush 162 4.5 —
(CGS) (CGS) N
March 4 06 01 05 30.0 70.0 W. Pakistan 33 4.4 Recorded at a few Indian
, (CGS) (CGS) Observatories,
March 6 02 10 56,8 31.6 80.5 Tibet 35 5.4 Recorded at g few Indian
(CGS) (CGS) Observatories, —
March 6 02 15 567 31.6 80.5 Tibet 44 61  Recorded at many Indiag
, (CGS) (CGS)  Observatories, .
March 7 22 36 03 292 98.6 Tibet 17 52 Recorded at a few Indian.
(CGS) . (CGS) Observatories‘. _
March 9 15 06 28 34.8 80.2 Tibet 33 4.5 ‘ —_
(CGS) . (CGS)
March 11 04 20 21 30.1 69.9 W. Pakistan 32 44
(CGS) (CGS) -
March 14 04 42 50 32.4 97.4 Tibet ‘ 33 49 -—
(CGS) (CGS)
March 15 09 14 29.3 29.9 69.7 W. Pakistan 32 4.7 C—
(CGS) (CGS)
March 16 00 08 19 33.1 759 E Kashmir 57 5.2 Recorded at a few Indian
(CGS) ‘ (CGS) Observatories, .
March 16 17 40 30 29.7 69.8 W. Pakistan 33 4.7 Recorded at a few Indian
(CGS) (CGS) Observatories, S
March 17 05 44 50.5 31.5 82.8 Tibet ' 33 5.0 Recorded at a few Indjan
(CGS) (CGS)  Observatories, |
March 18 10 44 09 298 69.9 W.Pakistan 33 44  Recorded ata few Indian
(CGS) (CGS)  Observatories,
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March26 18 51 10 29.9 69.7 W.Pakistan 36 4.0  Recorded ata few Indian
(CGS) ' (CGS) Observatories,
March 30 21 14 00.5 40 kms: N-W - —_ — Felt at Sonepat.
- (NDI) of Delhi ‘
March 31 23 37 550 37.0 71.0 Hindukush — 6.0,  Recorded at many Indian
(SHL) (NDI) Observatories.
23 38 005 364 70.8 Hindukush 200 5.6 -
(CGS) (CGS)
Aprii 4 02 17 18,1 11.8 92.6 Andaman 33 50  Recorded at a few Indian
(CGS) Islands (CGS) Observatories.
April 4 02 51 39.0 12.0 92.7 Andaman 33 5.0 Recorded at a few Indian
(CGS) Islands (CGS) Observatories.
Felt at Porr Blair.
April 4 06 42 000 11.5 940 Andaman —_ — Recorded at many Indian
(CGS) ~ Islands Observatones. '
. Felt at Port Blair.
09 42 33.9 12.1 92.7 Andaman 33 5.0 —
(CGS) Islands (CGS)
April. 5 00 07 346 122 92.7 Andaman 33 4.7 Recorded at a few Indian
(CGS) Islands (CGS) Observatories.
April 6 01 51 51.8 350 73.0 West 38 5.1 Recorded at a few Indian
(CGS) Pakistan (CGS) Observatories.
‘ Felt 1n Kashmir.
April 8 22 15 044 36.3 70.6 Hindu 224 49 —
(CGS) Kush : (CGS)
April 11 16 42 500 39.2 71.0 Tadzik SSR — — Recorded at a few Indian
(SHL) ~ Observatories.
16 42 535 38.8 70.6 Afghanistan 29 4.8 -
(CGS) = USSR border (CGS)
April 13 03 00 19.0 365 708 Hindukush 171 4,4 —
(CGS) (CGS) _
April 14 16 33 288 048 96.2 Northern 30 4.9 Recorded at a few Indian
(CGS) Sumatra — (CGS) Observatories.
April 14 21 06 050 40.0 72.0 Kirgiz — 5.3 Recorded at a few Indian
(SHL) (NDI) Observatories.
21 06 17.4 38.9 70.6 Afghanistan 33 5.2 . —
. " (CGS) USSR border (CGS) ,
April 18 19 29 40.5 34,5 69.8 Afghanistan 52 — Recorded at a few Indian
, (CGS) (CGS) Observatories.
April 21 09 31 144 49 95.1 Northern 66 4.3 ‘ —
(CGS) Sumatra (CGS)
April 22 10 06 00.7 36.6 71.1 Hindukush 226 4.5 Recorded at a few Indian
(CGS) (CGS) Observatories.
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April 22 20 04 21.4 20 Kms S-W —_ 3.0 Felt locally.
(NDI) of Delhi. (ND1)
April 23 04 17 255 23.0 904 Eastern 33 5.1 -—
(CGS) India (CGE)
April 25 18 11 500 30.5 69.8 West ~  — -z few Indian
(SHL) Pakistan
18 11 54.7 30.1 69.9 West 29 . —
(CGS) Pakistan (CGS)
April 25 23 22 526 41.2 69.3 KirgizSSR 33 5.1 10 killed, 100 injured, and
(CGS) (CGS) major property damage at
Tashkent.
April 26 10 45 32,8 24.8 965 Burma 33 4.3 Recorded at a few Indian
(CGS) (CGS) Observatories.
April 27 10 58 29.5 0.1 98.7 Northern 33 4'9 —
(CGS) Sumatra (CGS)
April 30 13 41 09.1 410 72.1 Kirgiz SSR 19 5.1 Recorded at a few Indian
(CGS) ' (CGS) Observatories.
May 7 18 28 18.6 34.6 70.7 Afghanistan 17 4.4 Recorded at a few Indian
(CGS3 (CGS) Observatories.
May 11 01 55 000 342 69.9 Near Kabul — 5.8 Recorded at a few Indian
(SHL) (NDI) Odservatories.
01 53 56.7 34.6 69.9 Afghanistan 27 51 Felt a1 Kabul.
. - (CGY) (CGS)
May 12 11 42 462 402 784 S.Sin Kiang 33 4.7 Recorded at a few Indian
: (CGS) : Provice, China (CGS) Observatories.
May 13 23 12 344 29.8 69.9 West 27 4.0 Recorded at a few Indian
(CGS) Pakistan (CGS) Observatories.
May 15 02 13 02.8 39.6 74.1 S. Sinkiang J51I 49 —
(CGS) Province, China (CGS)
May 15 17 16 162 36.6 710 Hmdu 213 48 Recorded at a few Indian
(CGS) Kush (CGS) Observatories.
May 19 05 58 403 39.8 78.1 S.Sinkiang 33 51 Recorded at a few Indian
(CGS) Province, China (CGS) Observatories.
May 20 20 19 01.9 40.6 73.4 Kirgiz SSR. 33 —
(CGS)
May 23 07 48 260 241 956 Burma 33 —
(CGS)
May 24 04 35 24.0 30.1 700 West 20 —
{CGS) Pakistan —
May 27 14 35 05.3 274 965 Burma- 51 —
(CGS) ~ India Border £R
May 27 22 13 45 250 660 N Arabian- — 6.4 Foeoeried 2t many Indian
(SHL) Sea (NDI) OGbservatories,
22 14 14.1 24.4 637 India-West 5 5.1 —
(CGS) Pakistan border ~ (CGS)
May 29 15 03 50.3 24,0 95.2 Burma 68 — -

(CGS)
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May 30 12 51 579 360 68.8 Hindukush 220 4.6 -
(CGS) (CGS) -
June 4 05 11 57.0 36.5 71.6 Hindukush — 6.1 Recorded at many Indian
(SHL) - (NDI) Observatories.
05 11 54.2 36.3 70.8 Hindukush 207 5.7 -
(CGS) (CGS)
June 5 08 29 23.0 24.6 932 Burma- 33 4.1 -
(CGS) India Border (CGS)
June 6 07 46 08.0 36.0 69.0 Hindukush — 6.1 Recorded at most of Indian
(SHL) (NDI) Observatories. Felt in
Deihy, Guimarg, Srinagar,
Chandigarh, Amritsar and
Jammu. In Srinagar the
museum building was
damaged and 100 houses
developed deep cracks. The
ceiling of the Central hall
of the museum collapsed
and almost all the walls
of {the bnilding had suffe-
red ‘cracks. Show cases
containing manuscripts
were damaged when the
ceiling came down.
The Civil Secrctariat in
Srinagar also suffered min-
or cracks, in the quake.
The chimney of the High
Court building fell down.
Most of telephone conne-
ctions went out of commi-
ssion.-
June 7 07 46 16.2 36.3 71.2 Afghanistan 225 6-3 Felt at Faizabad and
(CGS) USSR Border (CGS) Dushambe.
June 9 00 12 121 7.6 94.1 Nicobar- 55 5.3 Recorded at a few Indian
(CG3) Islands (GCS) Observatories.
June 11 06 08 49.1 35.7 72.2 West 104 49  Recorded at a few Indian
(CGS) Pakistan (CGS) Observatories.
June 11 22 29 373 36.6 70.7 Hiudukush 192 4.5 —
(CGS) (CGS)
June 12 20 56 07.1 40 kms. - - 29 Felt at Sonepat.
(NDI) N-W of Delhi (NDI)
Jupe 20 13 42 57 28.7 76.9 N.India 33 4.7 Recorded at a few Indian
. (CGs) (CGS) Observatories.
' Felt ip Delbiand Sonepat,
June 21 14 21 334 40 kms, - - 2.6 Felt at Sonepat.

(NDI)

N-W of Delhi
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June 21 19 46 45.2 36.5 70.9 Hindukush 180 4.7 Recorded at a few Indian
(CGS) (CGS) Observatories.
June 23 17 42 05 36.3 71.3 Afghanistan 111 44 Recorded ata few Indian
(CGY) ’ USSR border (CGS) Observatories.
June 24 07 05 20 36.6 71.5 Afghanistan 194 — -
(CGS) USSK border
June 25 04 54 223 40 kms. - - —_ Felt at Sonepat.
(NDI) N-W of Delhi
June 25 12 05 047 305 823 Tibet 35 4.8 Recorded at a few Indian
{CGY) (CGS) Observatories.
June 26 10 56 09  26.3 93.0 E.India 48 50 Recorded at a few Indian
(CGYS) (CGS) Observatories.
' Felt at Shillong.
June 27 10 41 05 29.5 81.0 W. Nepal - 6.3 Recorded at most of the
(SHL) ' ‘ (NDI) Indian Observatories.
Felt at Delhi, JAmbala,
Kanpur, Barelly, Morada-
bad. Nainital, Jullunder,
Simla. Ashkote, Lucknow,
Chandigarh, Rohtak, Pan-
pat, Pathankot, Amritsari,
Acra, Rishikesh, Muzaffar-
Nagar, Khurja, Gurgaon,
Kathmandu, Dehradun,
Sitapur, Bahraich and
Pokhara. Some buildings
in Dehli, Ambala and Nai-
pital, developed cracks.
In the Ambala city the
roof of a double storey
building, which housed the
main post office, collapsed;
In Moradabad several old
houses collapssed.
In Bajhang and Darchula
district of Nepal about
300 houses were destroyed
or damaged, leaving nearly
10,000 people homeiess.
Between 50 and 100 people
might have died.
10 41 08.6 29.7 80.9 Nepallndia 37 6.1 80 killed, many injured,
(CGS) (CGS) major damage, at Baitadi,
Darchula and Chainpur,
Nepal.,
June 27 10 47 43 295 809 Nepallndia 28 53 -
(CGS) border (CGS)
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June 27 10 49 506 29.8 80.7 Nepal-India 33 58 -
(CGS) ~ border (CGS)
June 27 10 59 18.1 29.7 81.0 Nepal-India 40 60  Recorded at a few Indian
(GGs) border (CGS) Observatories.
June 27 11 21 43 297 80.8 Nepal-India 33 54  Recorded at a few Indian
(CGS) border (CGS) Observatories.
June 27 13 55 519 29,6 80.8 Nepal-india 35 5.4 Recorded at a few Indian
(CGS) border (CGS) Observatories.
June 28 15 43 38 295 8l.1 West Nepal — 49  Recorded at a few Indian
(SHL) (NDI) Observatories.
15 43 37 294 8l.1 Nepal 33 5.4 -
(CGS) (CGS)
Jupe 29 00 42 08.6 29.8 81.0 Nepal-India 12 4.9 Recorded at a few Indian
(CGS) (CGS) Observatories.
July 3 12 47 08.0 362 7l.1 Afghanistan 229 4.6 Recorded at a few Indian
(CGS) USSR border (CGS) Observatories.
July 4 08 45 50.1 36.6 70.9 Hindukush 120 4.6 —
(CGS) (CGS)
July 5§ 10 01 215 27.5 92.4 India-China 77 4.8 Recorded at a few Indian
(CGS) border (CGS) Observatories.
July 6 11 57 235 39.0 712 Afghanistan 19 4.8 -
v (CGS) USSR border (CGS)
July 7 11 24 0Ol.1 22 Kms. N-W of Delhi  — 2.4 Felt at Sonepat.
(NDI) (NDI)
July 7 19 00 26.6 36.38 71.3 Afghanistan 33 4.2 —
(CGS) USSR border (CGS)
July 12 10 Ol 54.3 9.6 929 Nicobar EX 4.5 —
(CGS) Islands (CGS)
July 12 14 04 28.1 36.7 71.4 Afghanistan 143 — Recorded at a few Indian
(CGS) USSR border Observatories.
July 16 19 43 274 40.7 74.2 Kirgiz Sin- 33 4.8 Recorded at a few Todian
(CGS) kiang border (CGS) Observatories,
July 19 03 28 52.6 36.2 71.4 Afghanistan 138 4.5 Recorded at a few Indian
(CGS) USSR border (CGS) Observatories.
July 23 17 44 585 365 70.8 Hindu 210 4.6 Recorded at a few Indian
: (CGS) Kush (CGS) Observatories.
July 24 05 07 39.5 30.1 699 West 9 4.3 —
" (CGS) Pakistan (CGS)
July 26 15 15 31.7 36.8 71.6 Afghanistan 114 50 Recorded at a few Indian
, (CGS) USSR border (CGS) Observatories.
Aug. 1 19 09 50.0 300 65.0 West — 59 Recorded at most of the
(NDI) Pakistan (NDI) Indian Observatories.
19 09 55.1 29.9 688 West 33 5.8 —_
(CGS) Pakistan (CGS
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Aug. 1 20 30 520 30.0 68.0 West — 6.0  Recorded at most of the
(SHL) Pakistan ' (NDI) Indian ‘Observatories.
20 30 57.0 29.9 68.6 West 33 5.7 —
(CGS) o Pakistan (CGS)
Aug. 1 20 02 50.0 30.5 68.0 West — — Recorded at most of the
- (SHL) : Pakistan Indian Observatories.
21 02 59.6 30.0 68.7 West 33 62 2 killed., 15 injured. About
(CGS) Pakistan. (CGS) 45 villages dastroyed.
‘ . Felt in Quettat
Aug. 1 21 35 41 299 69.0 West 29 438 —
(CGS) Pakistan (CGS) .
Aug. 1 22 30 548 30.0 68.9 West 33 5.2 —_
(CGS) ‘ Pakistan (CGS) |
Aug: 2 05 41 37.4 30.0 68.8 West 32 5.3 —
(CGS) , ‘Pakistan (CGS) ,
Aug, 2 09 18 57.6 29.9 69.2 West 21 5.1  Recorded at a few Indian
' (CGS) Pakistan . (CGS) Observatories.
Aug. 3 22 13 20.1 37.2 712 Afghanistan 33 5.0 Recorded at a few Indian
(CGSs) . USSR Border (CGS) Observatories.
Aug. 4 22 29 28 29.8 68.6 W. Pakistan 54 4.9 —_
(CGS) | (CGS)
Aug. 5 01 03 000 32.5 80.0 Western — 59  Recorded at most of the
~ (SHL) Tibet | (NDI) Indian Observatories.
01 03 044 32.6 79.6 Kashmir 55 53 ‘ -
| (CGS) Tibet border (CGS)
Aug. 10 22 05 350 38.4 69.6 Tadzhik SSR 4 5.5 Recorded at a few Indian
. (CGY) (CGS) Observatories.
Aug. 14 05 08 30.8 38.3 73.7 Tadzhik 102 51 —
(CGS) ' Sinkiang border . (CGS) |
Aug. 15 02 15 350 28.0 79.0 Central U.P. 100 5.3 Recorded at most of the
(SHL) ‘ (NDI) 1ndian Observatories. Felt

~ collapses following

extensively in Uttar Pra-
desh and adjoining areas

" of Punjab.

In Moradabad thirty per-
sons were injured, fifteen
of them seriously in house
the
earthquake. A few houses,
some well built damaged.

 Some minor damage occ-

ured also at Baricly and
Moerat.
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02 15 338 28.7 78.9 N. India 50 5.8 -
(CGS) (CGS)
Aug. 15 10 20 422 38 64.0 Carisberg 37 5.6  Recorded at a few Indian
- (CGs) Ridge (CGS) Observatories.
Aug: 15 12 10 49 298 68.6 W. Pakistan 31 4-7 —_
(CGS) . (CGS)
‘Aug. 16 02 16 150 37.5 70.0 Hindu Kush 200 6.4 Recorded at many Indian
(SHL) (NDI) Observatories. Felt " at
; Srinagar.
02 16 19.7 36.4 70.8 Hindu Kush 199 5.7 Felt at Peshawar.
- (CGS) ; (CGS)
Aug. 17 19 16 51.6 41 Kms. N-W of Delhi —_ —  Felt at Sonepat.
(NDI) ‘ ‘ : :
Aug. 22 21 28 29 24.9 61.8 Near Coastof 33 4.7 —
(CGS) N W. Pakistan (CGS)
Aug. 24 02 47 01 37.2° 73.2 Tadzhik SSR 72 4.6 —
(CGS) o (CGS) | |
Aug. 24 06 51 158 29.9 68.6 W. Pakistan 33 5.1 Recorded at many Indian
(CGS) (CGS) Observatories.
Aug. 28 10 43 OmO 36.0 70.0 Hindu Kush — 59  Recorded at many Indian
(SHL) (NDI) Observatories.
10 43 01.0 36.3 70.9 Hindu Kush 173 = 49 - —
(CGS) (CGS? ‘
Aug. 31 01 19 Ol 36.5 71.4 Afghanistan 80 5.0 Recorded at a few Indian
‘ (CGS) USSR border (CGS) Observatories.
Sep. 2 06 16 50.8 40 kms, N-W —_ — o Felt at Sonepat.
(NDI) of Delhi .
Sep. 4 04 37 04.5 12.2 93.1 Andaman- 33 34  Recorded at many Indian
- (CGS) .~ Islands (CGS) Observatories.
Sep. 8 12 18 148 36.4 70.2 Hindukush 223 . 4.9 Recorded at a few Indian
- (CGS) o " (CGS) Observatories.
Sep. 11 15 55 20 27.0 95.8 Burma-India 37 5.0 —
(CGS) , border (CGS) :
Sep. 18 12 19 38.4 226 101.9 Burma-China 33 4.5 —
' (CGS) ‘ border _ (CGS)
Sep. 19 05 03 46.6 239 97.6 Burma-China 1§ 5.1  Recorded at a few Indian
| (CGS) : border (CGS) Observatories. ‘
Sep. 20 23 37 21.8 24.1 97.6 Burma-China 28 5.2 Recorded at a few Indian
(CGS) . bordet (CGS)  Observatories.
Sep. 22 04 S1 12 373 72,1 Tadzhik- = 135 4.6 —
(CGS) - SSR (CGS) ,
Sep. 25 01 23 34.2 24.6 948 Burma-India 74 4.2  Recorded at a few Indian
{CGS) border (CGS) Observatories.

Felt at Shillong.
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Sep. 26 05 10 550 27.6 92.8 Balipara fron- — 5.6 Recorded at a few Indian
(SHL) tier Track, Nefa (NDI) Observatories.
Felt at Shillong. Gauhati,
Dibrugarh, Tezpur, North
Lakhimpur and Jorhat.
05 10 581 27.5 92.6 India-China 33 5.6 -—
(CGS) border (CGS)
Sep. 26 06 03 48 27.6 92.7 India-China 33 4.2 -
(CGS) : border (CGS) ‘
Sep. 27 19 22 46 14.8 93.7 Andaman- 69 4.5 Recorded at a few Indian
(CGS) Islands (CGS) Observatories.
Sep. 28 14 00 20.0 28.0 100.0 S-E China — 6.5 Recorded at most of the
(NDI) (NDI) Indian Observatories:
14 00 229 26.4 100.1 Yunnan 33 6.2 -
(CGS) Province China (CGS)
Sep. 28 16 56 01  27.3 100.0 Yunnan 33 4.6 -
(CGS) Province China (CGS)
Sep. 28 23 50 01 27.4 100.1 Yunnan 33 4.9 -
- (CGS) (CGS)

Province China
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THIRD SYMPOSIUM ON EARTHQUAKE ENGINEERING
UNIVERSITY OF ROORKEE, ROORKEE
(November 4-6, 1966) |

- The Third Symposium on Earthquake Engincering was held at the University Senate
Hall from November 4to 6, 1966. Mr. M. R. Choprl, Vice-Chancellor, Inaugurated the
Symposium and presided over the Technical Session on ‘Design of Dams and Appurtenent
Works in Earthquake Zones’. Prof. S. R. Mehra, Director, Central Road Research Institute,
New Delhi presided over the technical session on ‘Soil and Foundation Behaviour during
Earthquakes’: Mr. H.P. Sinha, Director General (Road Development) and Additional Secre-
iary, Ministry of Transports, Government of India and Mr. N C. Saxena, Chief Project
Engineer, Yamuna Valley Project .Dehradun presided over the technical sessions of ‘Structural
Response and Design of Structures for Earthquake and Blast Forces’. Mr. C.B. Patel, Direc-
tor, National Buildings Organisation, New Delhi presided over the session on ‘Housing in
Seismic Zones and Damage During Recent. Earthquakes’. Prof. Ugo Ventriglia, Director,
Institute of Applied Geology, University of Rome, Rome, Italy presided over the session on
‘Geological Studies of Tectonic Features Influencing Occurrence of Earthquakes’. Dr. A.N.
Tandon, Director (Seismology) India Meteorological Department, New Delhi. -presided over
the session on ‘Wave Progagation‘and Seismicity’. Eighty five delegates from India, two each
from U.S.A., U.S.S.R. and Italy, one each from Ceylon, Finland, U.K. and Iran attended
the Symposium. ‘

Fiftyseven papers were presented at the various technical sessions.

. An exhibition of scientific instruments was arranged during. the Symposium by local
Instrument manufacturers and outside firms. Special display of the progress of research
Investigations undertaken at the Earthquake School was arranged during the Symposium.

The delegates visited the other University departments, Structural Engineering Research
Centre, Roorkee and Irrigation Research Institute, Roorkee, Central Building Research
Institute, Roorkee, on November 7th, 1966. : » ‘

‘The proceedings of the Symposium have been published by M/S Sahu Cement Service,
P.N.B. House, 5, Parliament Street, New Delhi and can be had from them. ‘

REVIEWS

Foundations Subjected to Vibration (Annotated Bibliography)
by Shamsher Prakash and D. C. Gupta

The bibliography contains 191 references on the behaviour, design and construction of
machine foundations. These are arranged subject-wise in seven differenl groups for the
convenience of the user. All important publications on the subject upto date have been
included. '

The bibliography will be useful to the scientific workers interested in the behaviour of
mechine foundations in particular and profession of civil engineering and industrial organisa—
tions in general.
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NEWS OF MEMBERS

Agarwal, S. L., formerly editor of the Bulletin of the Society has proceeded to University of -
Texas, Austin, U.S.A. for post graduate studics.

Agrawal, P. N., has left Regional Research Laboratory, Johrat, Assam and joined Earthquake
Research School, Roorkee, as scientst,

Arya, A.S., has taken over as Assistant Director Incharge of the Barthquake Research School,
University of Roorkee, Roorkee.

Chandrasekaran, A.R., has been promotted to the post of Professor in Earthquake Research
School, University of Roorkee, Roorkee.

Krishna, J., has proceeded to Yugoslavia on UNBESCO ‘assignment for one year. He will be

helping in the establishment of the International Institute of Seismology, Earthquake
Engineering and Town Planning, at Skopje in Yugoslavia.

Nagrajan, R., Bridge Engiheer Southern Railway has been appointed as Director (Civil) in
Indian Standards Institution, New Delhi.

Narain, J, Las been appointed as Senior Professor in Civil Engineering Department,
University of Roorkee, Roorkee.

Prakash, S., has been promotted to the post of Professor in Earthquake Research School,
University of Roorkee, Roorkee,
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