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Preface:

The destructive element of an earthquake for structures that has
been recognized, is an effect of the acceleration value. But, from our view
point, the value of the maximum acceleration gained from its seismogram
is not the only important element usually for the structure. We can show
the existence of most undesirable seismic waves having a small accelera-
tion value. As a matter of course, in final aseismic design of structures,
it is necessary to determine the value of the lateral acceleration from some
past earthquakes, but how much acceleration value we adopt for each
structure must be determined according to the sort of factor inthe seismic
waves causing the destructive power. The seismic waves, as shown by
the seismograms, are very complicated and mingled with many various
and irregular waves, and we can observe in the seismograms, that the
period of the waves from the acceleration record is shorter than that from
the displacement record. Thus, as we can never foresee any seismic waves
in the future, we must, in designing structures, select the seismic waves
which are likely to happen and affect the structures most adversely from
the seismogram records in the past. With respect to the present aseismic
design considering the acceleration value only, it seems to us that there
is no clear consideration about the seismic waves, on which the aseismic
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design must be based. So that, we are going to consider our hypothetical
seismic waves, which involve all sorts of irregularity, and which are apt
to happen and give the most dangerous damage to the structures.

1. Unstationary Vibrations of the Skyscraper.

The absolute value of the seismic acceleration has not the most destruc
tive effect on the structures. We consider now, remarking the irregularity
of the seismic waves, the general vibrating state of the framed structures
suffering a constant acceleration in a short time interval, by mathematical
transaction. .

As the fundamental equation necessary to analyse the vibration of the
framed structures, we use the equation of the shearing vibration. And as
the authors have often pointed out®®®, an important subject on the aseismic
engineering is the consideration of a vibrating system in the unstationary
state. So we give as a general fundamental equaﬁon the shearing

vibrations.»
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then S(x=G(x) A(x)--inen shearing stiffness.
P(X) covvveereenniieraeiiiees axial forces of framed structures by
dead and live loads.
D(x) <o damping coefficient distributing on
structures.
P et unit mass of structures.
AQx) v cross-sectional area of structures.
F(x, £) «oooveeviin generalized external force involving

unstationary forces.
By using the Laplace transformation we obtain the solution (L2) of
Eq. (L1).
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where  E=x/h, S(x)=S58(&), Px)=Pug), Ax)=Awa®),
D(x)=Doa(E)

v, oy’ are Eigen function and Eigen value of the next differential equation.
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Now we consider the case, that the seismic acceleration acts on the
structures in an infinitesimal time interval constantly. This is convenient
to study the aseismic estimate of the present vibrating system, for the
reason that the seismic waves are not steady waves but the waves with
few same period®”, and another reason is that we want to know either
the seismic acceleration value affects fatally to the vibrating state of
structures or not.

When 0(f) is the displacement of the ground motion, and « is the
value of seismic acceleration, regarding the initial condition M(£)=0,
N()=0 in (L3), we conclude that we may consider the first term only.

To simplify the discussion, @(f)=1 say. (the cross-sectional area is
constant).

Fop 20 (L4)
So that from Eq. (1.2)
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The acceleration acts as Fig. 1, and *

is its time interval.

We may regard that « is great and 7

is infinitesimal usually. So in Eq. (1.5), 0 t

o1 ] <]

(&) =V 2 sinkft L.7) Fig. 1.
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we get the next equation,
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To make the velocity of fhe ground motion is constant when the action.
of the acceleration finished, we take the value of a, v as follows.

1. a=02g, =05 sec.

2. a=04g, =025 sec.

3. a=08g 1=0.125 sec.

g: acceleration value of gravity.

Then ar= const. And when the natural period of the structures in the
fundamental mode is 1 sec. and 2 sec., using the Egs. (1.10)—(1.12), we get
Fig. 2 by the numerical computation.

In Fig. 2, y, shows the aisplacement of the fundamental mode of
vibration and y., ys------ each shows the displacement of the first and the
second:----- mode of vibration respectively. From this, when the impluse
ar is constant, it is recognized that the vibrating state of the structures
scarecely depends upon the time interval 7, so that it depends upon the
acceleration value a‘indirectly. And the vibrating modes of higher orders
are, of course, apparent but they vanish earlier than the fundamental mode
does, due to the damping.

Comparing the higher modes with the fundamental we can see also
that the maximum displacements of higher modes diminish in the ratio
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In the next, comparing with the vibration of the structures, we con-
sider the ground motion, because we want to know the relation between
the structural deformation and the ground motion.

Using Eq. (1.6), the ground displacement & is

=galf+Ct+D

C, D: integral constant.
Substituting the initial condition,

0=0, 9% _0  when £=0, we get
a -
0=Zat 0<i<r (113)
&0, do _ B
and when >, aE = o, i const.=at
SO
O=ar (t—%f) (114)

From Fig. 2, looking for the time interval { at the first maximum



displacement of the structures, and substituting this value to Eq. (1.14), we
find the displacement of the ground motion.
when T;=1 sec.

1. «=02g, t=0.5 sec. t=1/2 sec.

2. a=04g, =025 sec. ¢=3/8 sec.

3. a=08g, t=0.125 sec. £=5/16 sec.

1. 0=ar(¢-1/2r>=01g(05—0.25)=24.5cm.

2. 0= 4 =0.1g(0.375—-0.125)=24.5 cm.

3 o= 4 =0.12(0.3125—0.0625) =24.5 cm.

When T,=2 sec., we find the same tendency as before. That is, we may
say as follows, in these cases, if we take the several values of a» the
time at the maximum displacement of the structure is not equal, but an
equivalent displacement of the ground motion is equal. Since, we may
conclude also that, seeing three curves in Fig. 2, the maximum displace-
ment increases when « becomes greater and r smaller, but a value of the
displacement of the ground motion is quite equal at the corresponding
maximum displacement and zero displacement of the structures. (Fig. 3).

Displacemant of the ground motion.

& ™ @ @

1. a=02g +=0.5sec.
2. e=04g +=0.25sec.
3. a=08g ~+=0.125sec.

20

cm

0 s« Y2 75 74 7
Fig. 3. Ground motion under the constant impulse.



2. Consideration of the destructive seismic waves.

In order to get a consideration about the more actual ground motion
of earthquakes, we 'adopt the action of waves having an acceleration
as shown in Fig. 4(a). This corresponds with the velocity diagram
Fig. 4(b), and with the displacement diagram Fig. 4 (c). Fig. 5 repre-
sents our hypothetical seismic wave and the seismic motion in simple
harmonic manner. So irregular seismic waves may be substituted approxi-
mately for these hypothetical waves. Therefore, the period of the seismic
motion corresponds to the time interval 2T in Fig. 4(d). We consider now
the wave, which finishes a definite ground displacement within a constant
time interval 7, and then study the vibrating state of structures, varying

4%, a%
dt? Z1%
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(a) Acceleration. (d) Acceleration.
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(b) Velocity. (e) Velocity.
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(c) Displacement. (f) Displacement.

Fig. 4. Our hypothetical seismic waves.



in acting acceleration value. That is to say, giving the absolute value of
the acceleration « and its acting time interval r as Table 1. in order to
make the displacement of the ground motion in Fig. 4(c) is constant, we
get the displacement curves in Fig. 6 using Egs. (110)—(112). In Fig. 6, T
is the semi-period of the ground motion, 7, means the natural period of
the structure in the fundamental mode, and the number of the curve corre-

1 T | T |

1 1

Harmonic wave.
............... Hypothetical wave.

Fig. 5. Comparison of our hypothetical seismic wave with
the seismic motion in simple harmonic manner.

sponds to the Table 1.
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Fig. 6. Structural deformations under the constant
mean velocity of the ground motion.
1 T=1sec. 4=ty 2 T=2sec. 4=0.1g From Fig. 6, which is made
No. @ - sec. in order to make the mean
No. a T sec. i .
1 Jo1g 1 velocity of the ground mo
1/0.2¢ 0.5 2 02gx2/3| 0.5 tion 4/T costant, we can
210.4gx2/3) 0.2 3 04gx 4/7 | 0.25 see the relation between the
3|0.8gx4/7| 0.125 4 (0.8gx 8/15] 0.125 .
value of the acceleration «

Table. 1.

and the maximum displace-

ment of the structures, and show this relation in Fig. 7.
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Figl. 7. Relation between the acceleration value and
the maximum displacement of structures.

Then putting the above consequences together, we may conclude as
follows: The deformation of the structures is greatest when the period
of the ground motion approaches to the natural period of the structures in
the fundamental mode, and the value of the acceleration has few effects
upon the value of the structural deformation. Our hypothetical seismic
motion coming into question should have a period coinciding with the
natural period of the structures in the fundamental mode, and it is not
important how great peak of acceleration the seismic waves have, but the
displacement of the ground motion 4, which has finished within the interval
of the semi-period 7. In other words, the mean velocity of the ground
motion 4/T prescribes the displacement of the structural deformation.
According to this conclusion, we can prescribe the undesirable waves
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among the seismic waves, and furthermore if we study precisely into the
‘waves having the same mean velocity of the ground motion, the distribu-
tion of the shearing stress in the structures shows some difference, although
the quantity of the structural deformation is scarecely affected by the varia-
tion of @ and 7. (Fig. 8). And the wave, in the case when the value of
¢ is a quarter of the natural period of the structure in the fundamental
mode, gives the most undesirable stress distribution. So, according to the

T= 7:£c T= 7sez 7= /.(a
Ti=1sec §] 10 Vi=2se§| 70 Ti=dsec § |70
05 05 05]
| - @) [&2s :(77)
-20 0 20 -4 0 & -80 0 80
When the fundamental mode is maximum.
&|10 £ |70 & 7¢
r|||13¢
03] 05| os
(JJU 3) . 2 ¥ 3) (JJ(ZI‘\II'
-20 0 20 -40 0 40 -0 0 80

When the 1st higher mode is maximum.

Fig. 8 (a). Shearing stress distributions when T=1 sec.
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T=2se Tr 25
Ti=2sec § 20 Ti=ds § 20
a5, " as
i\ ) 7 R L
-10 0 7 -40 0 40 -80 0 50

When the fundamental mode is maximum.

&z Elw 1Y%

[#22 | N 2L A ) | [22)1 lw (. (2 (31
-0 0 10 ~40 0 3 ~80 0 80

When the 1st higher mode is maximum.

Fig. 8 (b). Shearing stress distribution when T=2 sec.

above consideration, the most undesirable wave that affects the worst
damage to the framed strtuctures has the period nearest to the natural
period of the structures in the fundamental mode, and has the greatest
displacement (Amplitude). This wave is once prescribed by the mean
velocity of the ground motion, but we can say anew, among such prescribed
wave by the equal mean velocity the wave having a maximum velocity
affects the most undesirable damage to the structures (Fig. 9). Therefore,
we conclude, as one of the authors, Ryo Tanabashi, maintained already in



13

1937, in the report”, «“On the Resistance of Structures to Earthquake
Shocks,” we must lay great emphasis on the velocity of the earthquake
as a measure of the destructive power of the seismic wave. In an aseismic
design of structures, we must adopt the smaller acceleration value for the

structure having the longer natural period.

3. Adoption of K as the ratio i’f

of the lateral acceleration dt’ 43—7—-1 Acc. Diagram.

to gravity. [ ]

According to the consequence 2 !
of the above discussion, we O(I t
study further on the records of 0 -

the Kwants (S. E. Japan) earth-
quake on Sept. 1, 1923, which
was the greatest scale in the k T

|
last half century, and select our
hypothetical seismic waves %;? 7/
from the record®?. Calculating )ZA\ T

the shearing stress distribution 3 Max.
Velocicy.

of structures suffered from this

seismic wave, we can adopt the 0
quantitative coefficient K from | T |
this great Kwanto earthquake. P—\;el, Diagram. I
At the time' of this earthquake 3

the seismologists got the dis- 1

placement record at Tokyo Im-
perial University, Hongo, Tokyo, 3
and succeeded in recording a 2 A
wave with 8.86cm displacement
and 1.35 sec. period in horizontal
direction. Our old records of

earthquake were all got from 0

the displacement seismograph, l,_ T -!

and so we culculated the maxi- Disp. Diagram.
Fig. 9. Hpypothetical seismic wave

mum acceleration of the seismic . .
having the max. velocity.

motion assuming it as a simple
harmonic motion. Thus the calculated max. acceleration value is 959.62
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mm/sect.. The ratio of amplitude to period is 66.0, and the quantity
proportional to the “maximum velocity square ” is 4350. Among the
seismogram records from the year 1890 to 1930, this calculated max. ac-
celeration is not greatest but the damage of structures and the value propor-
tional to the “max. velocity square’ are maximum respectively.
Now 4=8.86 cm as the displacement of the ground motion and

2T=1.35 sec. say, we get the mean velocity of the ground motion

Va=4/T=13125 cm/sec.

Our hypothetical ground motion on the structures having 7} sec. period

in the fundamental mode is the wave which has the mean velocity Vi,
and its period coincides to the time T:.. And among the waves which
have the same mean velocity of the ground motion the condition of the

wave having a max. velocity is r=2l=%

So the amplitude of our hypothetical wave 4, is

Al=2X%aTZ=VmXT 31)
(T _yv . Ty
o) =Vax—3
_ 8Va
1/ @2

Eq. (3.2) shows aT,= const. That is to say, in final asismic design of
structures, if we fix the standard of the acceleration for unit period, we
may take half an acceleration value for the structures having twice period.
Therefore from Eq. (3.2), we can determine the acceleration value of our
hypothetical waves for structures having each natural period in the funda-
mental mode 1 sec, 2 sec or 4 sec. This result is as follows.

T,=1 sec. a=w=105 cm/sect
=0107g
T,=2 sec.  a=-3X131B 55 cm/sect
2 ; (33)
=0.0535¢
T,=4 sec. zx=%—=26.25'cm/secZ
=0.02676g )

Calculating the vibrating state of structures suffered the actions of our
hypothetical waves with the acceleration values o gained from Eq. 3.3)
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we get Fig. 10(a), (b). Fig. 10(a) shows the case the hypothetical waves
act on the structures at the interval of semi-period 7, and Fig. 10(b) shows
another case the waves act at one period 27". It is a matter of course to in-
crease the structural deformation when our hypothetical wave acts continue-
ously, because we adopt the wave resonated with the period of the structure.
However, studying the seismogram records, we can notice that the seismic
waves are unstationary and mingled with the waves having various ampli-
tude and period usually, and the wave with maximum amplitude and same
period appears only once, so that we need not to fear for the so-called
resonance phenomena. In accordance with the curves of Fig. 10, we can
calculated the shearing stress distribution of the structures when the
structural deformation is maximum. Comparing this result with the shear-
ing stress distribution calculated by the static lateral load which is
determined in the present aseismic design code adopting K=0.2 as the ratio

my 4
5
0 /\ /\\//— — t
7 2 3 sec.
N NS
Tr=1sec
n} %

7 2 45;5‘
-5

-10 , =2sec

2] vy,

Z / t
3
T

7 2 3 £ sec.
7= 4 sec

(a) When the hypothetical waves act at

the interval of semi-period 7.
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4 sec.

/\ ya ot
0 2\/ 3

40 Ti=1sec.

Y
cm
70 /
¢
0
i 2 3

4 sec.

T.= 2sec.

(b) When the hypothetical waves adt at
one period 27

Fig. 10. Structural deformations calculated by the mean velocity of the
ground motion from the records of the Kwanto earthquake.

of the lateral force to gravity, we get Fig. 11(a), (b). Fig. 11 shows that

Ti = Tsec Ti = 2sec. Tr=4 sec.
§lro £l

05

% 9

-5 0 5 =10 0 10 -20

( é) When the hypothetical waves act at
the interval of semi-period T.
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Ti =1 sec. €10 T, = 2sec. €110
AN
05 ¢5 \\
b Y, 7
-5 0 5 -70 0 70

(b) When the hypothetical waves act at one period 27’

Fig. 11. Shearing stress distributions of the structures when
the structural deformation is maximum.

shearing stress distribution calculated by the static lateral load.

the base shear in the vibrating state is smaller than that in the statical

state. Therefore, in the process of establishing our final aseismic design,
we take the lateral load distribution in statically to make the shearing
stress distribution as shown in Fig. 11. This result is as Fig. 12, and so
it is recognized that the statical load distribution varies according to *sine
mode” in the vertical direction.

Ti=Isec €110 Ti=2sec. 61 20 , 7r = 4sec. &1 0 j
f . ]
/ 7/
/ /
/ / /
V4
497 1987 - 7960
o 5 700 /0 200 20

(@) When the hypothetical waves act at the interval of semi-period 7.
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[ ' — i
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(b) When the hypothetical waves act at one period 27.

Fig. 12. Lateral load distribution in statically to make the
Shearing stress distribution as shown in Fig. 11.

Lateral load distribution by the current code of Japan.

Thus, summarizing above all discussions, we may conclude as follows:
When we design a structure with the natural period T,, we should faike
the value of K——the ratio of the lateral acceleration to gravity——from
the records of the great Kwantd earthquake as Eq. (3.4).

K =0T'? sin % % = K, sinzihx (3.4)

Eq. (3.4) means that we may give a smaller lateral force distribution for
the structures having the longer natural period, but we must adopt very
great value of K, on the contrary, for the rigid structures having the short
natural period. However, it proves to be apparent from the principle of
the acceleration seismograph that the seismic acceleration value acts a
leading role now for the deformation of the structures having the short
period.

In recent years, the Aseismic Property Testing Committee of Japan
made an experiment on the ultimate state of a full scale building under
the large vibration as in the event of precedented earthquakes, and found
a fact that the period of a structure increases about twice under the large
vibration compared with the small vibration. We can see that the maxi-
mum seismic acceleration in seismogram records reaches nearly 0.4g—0.58,

and so it is unanimous to select K=0.5 sin%x as the maximum rafio of

lateral acceleration to gravity for buildings. Therefore the relation befween
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the natural period T of structures and the ratio K, in Eq. (3.4) is shown
in Fis. 13. And the relation between the natural frequency of structures
f and the ratio K, is also shown in Fig. 14.

K1
05

0 / 2 3 sec. T
Fig. 13. Relation between the natural period 77y and the ratio K;.

Ki

0.5,

0 7 E; 3 =7 frec
period (1) 05) (0.33)

Fig. 14. Relation between the natural frequency of structures
f and the ratio K;.



In the year 1951, the Joint Committee of San Francisco, California
Section, ASCE, was unanimous in its selection of C=0.06 as the maximum
base coefficient for buildings and C=0.02 as the minimum base coefficient
based on engineering judgement and experience.” This base coefficient C
corresponds to our ratio K in essentially, but this value of C is so small
as compared with our K and lateral force acceleration in the current
aseismic design code of Japan. It seems to be brought through the differ-
ence between the precedented earthquakes’ scale in Japan and that in
America.

On the determination of a building period, it is not a clear method to
decide merely by the width and the height of the building as the Joint
Committee of San Francisco. It is recognized that the period from - this
method is not coincides with the experimental period of many buildings.
Therefore we recognized, for instance, the Lord Rayleigh’s approximately
calculating method much better, which decides the building period by
computing the deformation of the building under the current design code.

In addition of the argument, we must consider the effects of the elas-
ticity of ground etc. Studying these problems would be our new theme.

Appendix :

General Solution of the Equation of Shearing Vibrations
In Section 1 we gave the equation of the shearing vibrations (1.1) in
order to analyse a vibrating system in the unstationary state, and obtained
the solution Eq. (1.2) by using the Laplace transformation. In this ap-
pendix a rigorous proof of the above computation is given as follows.
L Aser @3- 8 {peoy @1 py D —paw T =—Fx, 5
(IRY
In Eq. (1.1) we introduce a new variable £, by £=x/h to make the equation
dimensionless, Where I is the height of the structure. This result is

1 0 19y} 19 10 o
T OE {suce 5 o (P D

_ ey 0% _
pAq axf)a—tz— F(E D @
in which S =S, 4(&), P(x)=P,g(E),

A(x)=Ao a(E)n D(x)=Do a(E)-
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By taking new constants and variables A*=P,/S,, &%= _Sl;#’
0
z=_pA0 _ . F -
“ So/hE” and  #(6)—-2%q(&)=p(¢), F= SR

Eq. (2) is transformed into Eq. (3).
T L) - ae) Y —ppae) T _ree, » ®

Considering that the function y(¢, #) converges in exponential mode when
the time ¢ increases, we transform the function y(¢, #) into «(¢, #) as

y(&, D=e"*u(¢, t) @
. . _1 9 _ D,
in which e=5 Yy v
Then we get Eq. (5)
2
GRS BN GULEES ) )
2

where &= ca®), e~ F(¢, H=1(¢, B).
Now we apply the Laplace transformation into Eq. (5) and define the rela-
tions |¥(&, £)|t=o=MC(E), g—g . 0=N(§) as the initial conditions, then the

initial conditions about % become
| &, Dle=o=M(E),
Then we get Eq. (6) as the transformed equation of Eq. (5).
d dy e 2.,
- p®GL ) +al®dr—ut al®)st 1= —00, 5) (®)

O | =N+ eMCE).

where ce, = [euce, at

86, 9= [Tewre, Hat
0C, )= 4CE, ) +5u2 a®IME) + 12 AN +eM©} (D)

In Eq. (6), if we adopt a function G(£, 2) as the Green’s function of

g (-G + at®r=0 ®
Eq. (6) is shown by the following integral equation (9).
2= [[GE, 20z, $)ds—s* [ u2 a(u(DCE, 2)dz ©)

Providing #*(&)={ ,u“a(f)}%n(f), Eq. (9) is transformed as follows.

1 0(z, $) 2 [* %
7O = [KE 2 o yde=s [ K @z 10
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If we take a function H(£, s) determined by

1 , S
HE 9= ['KE, z)%)%ﬁ'_ 2.
Eq. (10) is shown as Eq. (11) and K(§, z) means a symmetric kernel ifi the
theory of Integral equations. i.e. K&, 2)={2a(E)}¥{pfa(D PG, 2)
PE)=HE, )~ [ K(E, 2m*(2)dz (1)
Eq. (11) is usually called the Fredholm’s integral equation of the Zrid kind,
and its solution is shown by E. Schmidt.

O =HE 9— E—irar®HE) a2
where
H*(s) = £ "H(z, $)¢,(2)dz (13)

In Eq. (12), ¢,a»* means respectively “the Eigen function and ‘the Eigen
value of the homogeneous integral equation (14) corresponding to Eq. (11).
1
w®=o [ KE, 2o,(2)dz (14)

Eq. (14) corresponds to its identical differential equation

_a_ dy ), 0" 8 8 -

PG+ 5ea®0+ 0" 12 aE)o=0 (15)
We have now to transform Eq. (12) by Mellin’s inversion theorem

u(E, =5 [7E, Hevds=Lin(E, ) (16)

C=foc

So that
LYp*E, $)y =L [{ 2 alE) Yiy(E, )] ={p a(E)}uCk, £ 17)

By using Eq. (12) we can show the next relations

L XE D) =LHHE S -L E S BN o)=L~ L}

v=A

(18)
17~ ! 0(z,8) _ _ 0(z,s)
L1=L"1 ,)—— 2L = s 1] PA%yS/
=1 [ K, 2 ey &} = (K, DL iy Ja=
- ' af__ 0z, 8)

=§¢v(§)£ j(; K(z, 2)L [W](Py(zl)dzl dz

< L 9 s)

XN B HOR (19)

From Eq. (13)

HY () = [ Hz, )o.(ddz= [ [ K(z, zl)%wy(z,)dz dz. (20)



From Eq. (14)

-glK( 2 21)40(21) dzy = w_;)(gl

1 1 0(z,
H*(s)— » (:(:))}% »(2)dz (21)

And from Eq. (18) we get
=L 3 T O] o)

(ﬁv(f) s? 0z, s)
Z: L [ @2 +s? {#zaCZ)}‘} ]%(z)dz

%(E) 4 0(zs)
—E L [m]%(ﬂdi

%(E) wy 0{z,s)
~5 O ook gy lo@dE @

Thus, from Egs. (7), (18), (19) and (22) we get the next equation.

) o) (M- Wy 0(z,5) .
wa® P 0=5 50 [ L7 [0 e 7 250 e ds

¢v(§) @y b ol L ) v(2)dz
=2 o) lsin ot S N L

+ o2 f cos wyt{u? a(2) 1t M(2)gy(2)dz
to f sin oyt{fa(D W (N2)+eM(Dbpu(2)dz | (23)
So that, we reach the equation (24)

R I PN O S
S D= b b e O Sy a0

+e'“§%cos wit [ {a(s) B M()g.(s)ds
reus— 28 sin ot [ {a()} (NS +eMD}pu(ds  (24)
S wde®it °

Eq. (24) is same as Eq. (1.2) in Section 1, and this completes the explana-
tion of the general solution of the equation of shearing vibrations.

This proof was already shown in 1947 by one of the authors, Takuzi
Kobori (Suzuki is his former name), in the report® “General Solutions
and Several Examples on the Unstationary Vibrations of Structures.”
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