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SUMMARY

A Object:

In many structural problems the vibrational

characteristics are very important for the practical

design. The tlieoretical solution of these problems is too

tedious and moreover many assumptions are made that are

not always close to the truth. Exanples of thls type of

problems are the two dimensional and three dimensional

bullding frames. For this type of problem and many others,

ne can make an experimental “solution from which we can use

she experimental results for the practical design.

The object of this thesis is to extend the solution

of the two dimensional frame buildings to the three

limensional case, and conpare the experimental frequencies

and amplitude with the theoretical ones.

23. Scene

As the three dimensional model was the one in which

the authors were interested, they started in building two

3imilar two dimensional frames which had stiffness within

hie range of the instrument. These models represent

cypical building frames,

The models were made of steel and were three story

single bay frames. The three dimensional model was built

from these two similar bents by welding girders between them.

All the girders and the columns were prismatic and all the

joints were welded to make them perfectly rigid. The floors



vere attached to the four corners of the building by means

of screws and were made of 3/16 inch steel plates. The

supports were made very heavy and rigid.

J. Method:

2411 the models were vibrated by means of a pulsating

force which was provided by permanent magnet speaker which

was properly designed for this purpose. An electromagnetic

type of a pick up was used and connected to a cathod ray

sgscilloscope on which the amplitudes were recorded. For

jetermining the natural frequencies, the resonance of the

nocel with that of the loud speaker were observed. A

jetalled discussion of the instruments may te found in the

-hesis done by Messrs. Shih-Ying Lee and Maleo L.P.Go. at

MIT 1943.

D. Theoretical Solution:

The frequencles and shapes uf the normal modes cof

vibration were computed by conventional methods assuming

that the mass of each story of the frame was concentrated

at the level of the floors. The necessary stiffness factors

vere computed by the slope - deflection method assuming

shat the two dimensional model and the four sides of the

three dimensional model were three story one bay planer

building frames with rigid joints,

7. Discussion of Results and Conclusions:

The experimental results obtained from the two

jimensional models agree with the theoretical results,

as far as the sense of the amplitudes are concerned. In

nagnitude, however. these results were not in agreement,



probably due to the fact that the theoretical assumption

vas, that the masses were concentrated at the floor level.

The avthers believe that this difference of magnitude

igs due to this assumption only. as far as the frequencies are

concerned, all the experimental results were in very close

agreement with the theoretical ones. So it would be correct

to say that the experimental results are more reliable than

the theoretical ones, because it represents the actual con-

ditions of the model.

In comparing the experimental with the theoretical

results, for the three dimensional model, it shows that the

experimental results are closer to the theoretical, especially

in the symmetrical modes, which proves the explanation given

above, that the difference in the amplitudes is due to the

assumption that the mass of the columns are concentrated at

the floor level, and the heavier the floor, as compared to

the mass of the columns, the closer the agreement between the

experimental and theoretical results.

It is probably that another type of theoretical ass-

anption would lead to a more exact solution, but it would be

very complicated and tedious to calculate,



11. INTRODUCTION

Vibration of framed buildings 1s due to many factors.

The most important of which nowadays are the development

of heavy machinery, wnich is installed in framed bulldings.

The effect of earthquakes, and lately the necessity of

constructing air rald shelters and buildings which with-

stand explosions.

Ror these reasons engineers are looking for practical

nethods to be used in solving the vibration problems of

framed buildings.

In such studies, the characteristics of the models of

7ibration are very important.

The object of this thesis is to propose the use of

models of the framed buildings to determine thelr vibrational

sharacteristics.

A steel model was bullt up to represent a three story:

framed building, which is properly supported. Then by using

a vibrator, the model was vibrated at a certain

frequency which 1s furnished by an oscillator. This

oscillator was tuned at one of the natural frequencies of

tne model, and that particular mode was excited much more

man tne others,

Two pick-ups were used to nick up the vibration of

the model and it was recorded on a cathod-ray oscilloscone.

hen the natural mode was excited, a loop of good size

appeared on the screen of the cathod-ray oscilloscope. A

Tertical variable reading could be taken from the movable



pick-up and constant horizontal reading for the fixed

sick-up. By taking the reading of the joints, the shape

of the mode could be attained,

The model should be constructed in such a manner that

its natural vibration is golng to te within the range of

the equipment used for the experiment. And the size of

the different members of the model has to bear a certain

ratio to the prototype, so that the investigator can

interpret the experimental results from the model to its

yrototype. The construction of the supports should be in

such a manner that lt represent the actual conditions.



III. THEQRETICAL SOLUTION.

The authers wish to explain briefly the following, in

order to facilitate the understanding of the vibration

properties .

L Th ag

I. Vibration;

fibration in its general sense means &amp; motioh, which

san be either periodic i.e, a motion which repeats itself

in all its particulars after a certain interval of time( T

which is called the period of vibration, or fonperiodic.

If the displacemeht in the x direction is plotted

against the time (t) it will form a curve of considerable

complication. Fige I. show the vibration curve of the first

mode of a simply supported beam. Which is a.:sine curve.

Fige I.



2.0egrees of freedom.

A mechanical system is said to have one degree of

freedom if its geometrical position can be expressed at

any instant by one number only. As an example, take a

position of moving piston inside a cylinder,its position

sould be specified at any time by giving its distance :..-

from the cylinder end. And so it has one degree of free-

dome. A weight suspended from a spring in such a manner

that it 1s constrained in guldes to move in a vertical

jirection only (up and down) is the classical single-

legree-of-freedomvibration. If it takes (n) numbers

to specify the position of a mechanical system, then that

system is said to have (n) degrees of freedom.

A disk moving in its plane without any restraint

has three degrees of freedom. The x, and y, displaee=-

ment of the center of gravity , and the angular rotati-

on about an axis passing through the center of gravity

and perpendicular to the plane of the disk.

An elastic structure such as a beam, has an infiun-

Autiber of degrees of freedom because the definition of

its position requires one to enumerate the ordinate of

the deflection curve for every point on the beam, of

which there are an infinite number. But in some cases.

the mass of the beam may be concideredto have a neglig-

ible effect on the analysis of its motion . Under those



conditions, the beam may be considered to have a Tinlte

nunmher of degrees of freedom which is determined by the

yther conlitions of the problen.

5, NMfferential equationofmotiec~re » eincle.desree

2f- freedom.

Consider the case of a mass (MM) suspended from

2» rigid ceiling by means of a spring, as shown in Fig.

(2) the stiffness of the spring is denoted by its

"spring constant), (k). Which is the number of pounds

required to expand this spring one inch. In this problem

bhe friction is neglected.

[et an external force (P )isinwt act on the mass.

The problem consistsincalculatingthis motion of the

mass (MM) due to the applied force.

Let (x) be the distance between any instantaheous posi-

tion of the mass during its motion and the equilibrium

pdsition . To find (x) as a function of (MM) using Wewton

second law of motion.

Ta , where (F) is the fore

arid

(#1) is the mass

(a) is the accelc.

of that mass,

Consider all the forces on the ~ sm@t

mass to be vositive when acting

lownward, and negative when acting upward. Me. (2)



|

Because the spring follows Hook's Law or proportionality

between force and extension, then the spring force will

be (k x) in pounds because the spring has expanded (x)

inehes . This force 1s negative because the spring pulls

upwards while the displacement is downwards. Thus (= k x

igs the force of the spring. The force on the spring is sact-

ing downwards in this case; therefore it is (+ P, sinw t)

put we have,

F=1i a

i 8 =

dx
and a = dE

ii Ix
and yr 7

Vi oF? +

Po sinew td

r sinw $

, Sinw’ \ a J

This ecuation is known as the differential equation

of motion of a single-degree-of freedom system. The effect

of gravity is omitted in this equation since the displace-

nent (x) was measured from the static equilibrium position

of the body.

4. Free Vibration

In case there is not any external or impressed force,

then ( Py sinwt ) will be equal to zero.

vooe 7

This case 12 caller the Tre  vibration

Tr ation (2) we have

 ey )

 oA

»



a a

ence the free vibration is that which takes place

without any external or impressed forces, and will be

either constant, or a function of time (1%).

5. A Natural or Normal ode of Vibration

A normal mode is a free vibration which is not only

periodic, but also has the characteristic, that at any

instant, the displacement of each and every point on the

structure is the same proportional part of the maximum

iisplacement of that point during the vibration.

In the case of a beam, a natural or normal mode of

vibration could be represented by the equations

y= (#6) [ux] ....
where (y) is the deflection at any point, F(t) is a per-

cel}

iodic function of time, and u(x) is a function of the

iistance along the span.

hquation (3) specifies that at any instant, the

shape 0 the displacement curve is similar to that at

2 y other instant.

Fig. (3) gives a clear

idea about the natural mode of

Tibration.

be_a
b, S2

Aa structure vibrates Fig. (3)

in one of its natural modes, the motion repeats itself

periodically with a frequency which is called the Hatural

frequency of that mode. Since each mode has its own

varticular natural frequency, there will be (n) natural



frequencies for a structure having (n) degrees of freedon.

“rom that, 1t is shown that a structure has a number of

norical modes of vibration equal to the number of degrees

of freedom of that structure.

5. solution of The °° F7 centis’ wouationoffFreeVibration.

From ecuation (£' w. have:

O 4

By inspection, the solution is:

X aC Sin 1 +Cc ccsfi
2

-

ceees(Z)
 YN a

where c and c,6 are arbitrary constants. This equation can

de verified as follows:
2

dx. kX sin t/k
dt I — —

dx
~ Mapt kx = -c kK sin t [kX -c I cos bfx

avi ~ I

- gin 5 [E
¥

3 ( , k cog i /k =
7

(I we assume that the body is pulled down a dig-

tance ecual to (x) from its statical equilibrium and then

released without any initial velocity, then:

2t t+ = 0, Xx =X» and 2.0

then we

[ff the first condition is substituted

have

= v () 4.XA Cc : 4 1
1

in equation (3)

and therefore C aX

'c substitute for the second condition, different-

iate equation (3).



dro k_.cos.t./k -C./k .sin.t./k
dt = i [q rr YE x

Substituting

you have:

the same cor-ition in this equation,

 Nn = lx .1 = Cc k y
YF 2 Iw

e/k =0, or ec==0
J

Substituting back those results in equation (3),

ne heave:

X =X, cos ct fk
Ar

ne cycle of this vibration occurs when +t JE
1

varies through 260° or 27 radians, if we denote the

time of one cycle by (T), as in Fig. (4), we have:

t-[k 217 T=27M..
Ji :

{ “)

Fig. (4)
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It is customary to denote the tern x by (w,)
iL

which is called the "natural circular frequency". This

value (w,) is the angular velocity of the rotating vector

shiceh represents the vibrating motion,

The reciprocal of (1), or the natural

may be defined by the following equations:

Ph ow th. &lt;2 Xk
CTT Tyr TT

frequency(hn)



’s Theoretical Solution of the Two Dimensional Frames,
w—

IT an exact solution 1s $n be carried out for a

frame, we should consider tho the massgecs..are distribu-

ted a’ wowoalong th

 eae wp2a0e Wa

~~ Tumn.  and girders, which

infinite nwaber of1 ine ans Lil 1
“ hear  a

. 1

legre o-Ca,Lresdon. Foor amg wildings, the

nass ¢ * the floor in lara compared tt the mass of the

columns ego it is legitimate to assume that the masses

wre concentrated at the floor level. The system is

reduced , therefore to a weightless frame acted upon by

roncentrated masses, one mass at each floor. The degree

&gt;f freedom of such a frame is ecual to the number of

floors.

Fig. (5a) shows such a building frame, having three

floors and , therefore,three degrees of freedom.

Fig. (Ha)
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This solution presumably leads to good results as long

28 the mass of the floor is large compared to the mass of

the columns. The motion of these masses during a normal

node of vibration may be represented by the following

sguations:i-

=a .8in?TT -In 0

in which

x
~  yy

(y,),1s the deflection of the mass (M),

(2n),1s the amplitude of the same mass,

he characteristic shapes of the modes of the structure

lepend on the elastic and internal properties of the struc-

ture which are functions of the dimensions , the conditions

+f the Supports , end the physical propertiesofthemat--

arial of the structure.

rrom equation (5) the acceler~tion of the mass (i) is

riven by:-
d 2... :

In _ -o, 477.Sin 277%
dt? “Ta a

ee(6)

Denoting by (M,) the mass of the nthe floor, then the

inertia force on this mass is

p= ai. 9% 3.47 a sin 270.%
n= npr Er « Ie = *°

(7

substituting the value of(y,) from equation (5), you

Nove-
} 2 ,

Pp=| iy 41 n es
»0(8)

ihich means that the inertia force is directly propor-

tional to the displacement.
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r%

Solving this determinant leads to an equation of the

(nbD) degree with(n) real roots.

In our case, where we have three story frame building,

this determinant. will be expanded to a cubical equation

in terms of (XK) and the three values of (K) will be fou-

nd.

Using the relation between (T) and (X)

r=2m/K=2MfK'M -  oe §I4)

and. substituting (X) for each mode back in equation(I2)

ge can obtain the relative values of (FP) and therefore

the relative values of amplitudes could also be attained.
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 3. THEORETICAL SOLUTION OF THE THREE DIMENSIONAL MODEL.

The solution of the three dimensional building is

somewhat more complicated than a two dimensional frame.

Fig. (5) represent the three dimensional model which is
! 2

composed of two: symmetrical bents (Y)&amp;(Y) and the two

unsymmetrical ones (x)a(x3.

If a force 1s applied to

this structure:three types

of displacement may occur.

I. Horizontal(x)direction,

2, Vertical (y)direction,

3. Tortional.

Selecting an origin

(0) at the centre of the

ey £looy,and letting

dy )&amp; (dy) represent the
ligplacement of point(o)

in (x)&amp;(y) directions

respectively, and (%y) represent the rotation of the floor

sbout an axis vassing through point (o) and perpendicular

to the floor surface.

(2) being plus to the right,

(¥) being plus when up,

(2) being plus when it is clockwise.
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Substituting the values of Xp &amp; yo from equations

'18a&amp;18b) in equation (33)will get.

- 85 v100r.

Yor

(490

&gt;nad- filoor.

a -

[  J]
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ff

the floor.

~

Cen (42)

Stodolalt's Method of  o- =
 ma Lp x 1 provides an expedient

nethod which was made use of in the solutions of these

squations. An outline of the Iteration procedure will be

oresented as follows:

Assuming values for,

”~
Tr”

* C Ay
a

-
3

ok
nr

of

Cy

ad
Yr

M

And trying these values ag it is explained in the

appendix until the solution is carried to convercence.

After one mode has been determined, one equation may

pe eliminated from the group of equations used by using the

orthogonality relationship, which iss-



30

m m-i os" m-1vy dey Ty t Sz NL

m-1 m m1

by dy Tp + ey oh Ms

J
m ma -

Nooo,ot o i Z, + ou
 -—

if

m  m-i

‘ 4 ’ 9%, ’ M,

m Isly, yn

7

a an

m-1

an’ oY =0

In which the exponent (m) refers to the mode.

another assuwnptlon will be made and the solution will

be carried to convergence as before for the od, s, d.,

and «, 's . Ths orthogonality relationship will again

Facilitate the elimination of this mode from further assump-

“ions.

The frequencies corresponding to each mode ere de-

-ermined by substituting the proper values in the following

squation..

* Ne-f

(217)

orfTes4
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IV, EXPERIMENTAL SOLUTION.

FF . Dparatus.

ig, (6) shows the apparatus rrranged with the

Model diagramatically-

&lt;1) LD)
Hm

agri  ipl gn wed»

fig. (6)
arrangement of model and

A.Uuselllator.

BeOscilloscove.

Ce.lovable pick-up.

Def'ixed pilck=-un.

Be Vibrator a

yovnaratus.

Feiiodel.

FeSupports.

H{e51liding frame,

I.Concrete pniers.

J Continuous channels.



29

L) Oscillator

An oscillator was used to produce a pulsating current

which drives a vibrator. The maximum energy output 1s

around 12 watts. The frequency ranges from 20 to 4000

cycles per second. The output volta:e and current are a

sine function of time.

2) Oscilloscope
The oscilloscope used was .

nay oscilloscope. A description of the principle of the

oscilloscope may be found in thesis of Mr. Shih-Ying Lee

at MIT. 1943.

3) Pick-rn

\

The nick ups used were of the electromagnetic type.

Ine stationary pick-up was rigidly connected very close to

one of the supports,

The movable pick up was mounted on a sliding frame in

suchh a manner so that it could be used at any point on the

node].

1) Vibrator
rermanent magnet speaker was used for the vibrator.

“ele
wy

Ae ins been mentioned before tnat the main purpose

of the thesis was to compare the theoretical and experi-

nental results found by experiment for model of a three

limensional building frame, The whole structure was bullt

oy welding the girders to tlicse two slide frames and the
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floors were attached by means of screws to the four corners

of each floor.

AT? «+f the members were prismatic and made of steel,

The columns were contirbus and the girders were welded in

order © t encom lish a complete rigidity. Model No. (1)

whic symetrical side bents, was eo

thre:

in Fir

Came Ter ~y _.. dimensions of which are found

12-4+12 ? ( 7)

Model represents side Y' &amp;y*of the
three dimensional model.

To assure rigldity at the support connections, a surplus

of (4M) was »Hrovided at the lower end of each column. These

snds were attached to a base made oi’ u" channels. A detail

irawing of which is found in Fig. (8).
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fig. (¢ 3
1

Supporting frame of the two side bents,

The ends of the columns were screwed to this com-

paratively heavy base, and thls base was mounted on a

heavy continuous chanels which are fixed to a concrete

piers. The base was attached to these chdnels by means of

neavy clamps.

411 the models were mounted horizontally so that when

the pick-up will slide on a horizontal bar, all the

sertical readings can be taken very easily, To take any

rorizontal reading, the end of the pick up is attached to

a rod at 90° to the vertical and so with the same set up

&gt;f the models any reading could be taken.

Plz. No. (10) shows the set up of the wnole bullding.

A detall drawing of the building model is found in Fig. Fo (11)

The same bases was used for the building model by attaching







 pr oy
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another side of the triangular base to it. A full detail

irawing of which 1s found in Flg. (12)

Use

flg { .
-

Sunnorting frame of the three dimensional model.

Procedure.

2.) Gal fbration of oscillator.

The oscillator was calibrated with steady power

source of (B60) cycles per second. The output of the

oscillator 1s connected to the rizht set of plates of the

oscilbscone and the 60 cycle power source is connected to

he left set of plates. ¥hen the frequency of the output

7oltage of the oscillator has simple ratio with respect to

the source frequency, a certain curve is formed on the

sereen of the cathoderav tube. The shapes of some of those

surves are shown in Pig. (13)
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fig. (13)

Shape of curves on the cathodéray
oscilloscope screen.

For a high frequency the loops are hard to be counted.

An outlined proceedure is found in the thesls of Mr. Shih-

Ying Lee at MIT 1943.

bY MeasurementoftheNatural frecuencies of the
Modele.

In measuring the natural frequencies, the movable

pick-up was set at a voint whieh had a large amplitude of

vibration. Then the oscillator was tuned until 2 maximum

reading waa obtained at the oscilloscope screen. The

resonance frequency can be easily recognized when the loop
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which 1s obtained at the Cathode-ray screen is clearly cut.

In many cases 1t is almost a perfect ellipse. These loops

stay still and do not oscilate. However, this is not

enoush for the recognition of the order of the mode,

because higher modes sometimes give the same amplltude as

2 lower one with the same power input. And very often it

vas necessary to move up the movable pick on many points

so that the mode will show its order.

It is also necessary to let the oscillator be warmed

ap for a time of fifteen minutes before using it because

this 1s the approximate time that it takes to start

furnishing a steady frequency. The Calibration was made

snder the same condition for this reason also. Care should

be taken to turn the frequency dial very slowly from one

iirection only.

3) Amplitude measurement.

The anvlitudes of vibration were measured at

the floor levels only because it was sufficient to reveal

the mode shapes. The movable pick up was made to touch

che model very slightly and then moved back very slowly

antil 1t releases the contact. This reading should stay

constant for that type of mode.

fare was taken in pointing the pick-up plunger at the

renter line of the columns to assure that the model was

In resonance at the time tne amplitude readings were taken.
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The horizontal component of the loop 1n the screen was

checked for every reading and maintained to be constant

throuzhout the readings of the mode under cor-*deratlon.

The amplitude readings of the vertical component of the

loop was registered at the desired points.
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7. DISCUSSION OF RoSULTS aND CONCLUSIONS.

[n comparing the theoretical results with the ex-

perimental ones, for the three dimensional model, shown

on pages (71,72 73 ), two kinds of modes are observed,

symmetrical and unsymmetrical modes. The comparison of the

symmetrical modes shows that the frequencies obtained by

experiment check pretty well with the symmetrical ones,

and the small percentage error is about the same for all

the modes, with slightly higher discrepancies in the high-

sr modes, which is probably due to the fact that the cal-

ibration curves for the oscillator are much steeper for

higher frequencies than for lower ones, and values can-

not be read as accurately.

The amplitudes check pretty well also, as far as

the ghapes are concerned. In magnitude however, the slicht

iiscerepancy that appeared is merely due to the assumptions

nade. The most important of whieh is assuming that the

nasses of the columns are concentrated at the floor level.

These results would be nearer to the theoretical ones if

the masses of the floors are large as compared to the masses

Af the ecolumne.

[n the symmetrical modes, where the model has no

ribration in the (x) direction, and no rotation, a good
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sheck may be furnished by comparing the theoretical fre-

juencies and amplitudes with the experimental ones of the

two dimensional bents.

The experimental results of the two dimensional

bents show that their experimental amplitudes (in magni-

tudes only), are not as near to the theoretical as the

symmetrical modes for the three dimensional model, which

broves that the effect of the mass of the columns in the

two dimensional frame is more than the effect of the three

limensional’one.

In considering the case of the unsymmetrical

nodes, it shows that the frequencies are a little bit high-

or in the experimental results than in the theoretical

ones, Many factors enter in the explanation of this phe-

nomenan. One of these factors is due to the assumption

nade which states that the masses of the girders and the

columns are distributed over the floor. This assumption

joes not affect the symmetrical modes, because there is

no rotation, but it has a greater effect on thewsymmetri-

2al ones.

Another effect is that the maximum amplitude

occurs when the vibration is in the (x) direction, a rocker

vas used to transmit the vibration to the model. The ad-

dition of the rocker tends to increase the frequency.

when snother smaller piece of steel was used a8 a rocker,

it showed a decrease in the freguency.



* =

The percentage error in the frequencies of the higher modes

is higher than that in the low modes, the explanation of

yhich is the same as given for the symmetrical modes.

The frequency of the third unsymmetrical mode could

not be taken because it occurs either at the top of the low

scale, or at the bottom of the medium scale, and the two sc-

ales do not overlap.

The fifth unsymmetrical mode could be heard and the

freouency was registered, but it was not possible to pick

ap the amplitude because the instrument could not supply

enough power to vibrate the model enough, so that the amp-

litude could be read on the oscillograph screen.

The frequency of the sixth unsymmetrical mode could

taken, because it is a verv high mode, and enoughnot h-

power could not be supplied to the speaker to cause vib-

ration.

The amplitudes for the first two unsymmetrical modes

chve good shapes and were nearer to the theoretical solu-

tion than the higher modes. The reason for this discrep-

ancy in the higher modes 1s the same as that which was

siven for the symmetrical modes, and that is,in the higher

nodes, it needs higher power to vibrate the model, a nd

then it distorts the shape of the amplitude.

In performing such an experiment, special care

should be taken in fixing the model to its base. because

any small vibration in the base will cause inconsistencies

ln the readings of the amplitudes and frequencies.
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Four extra modes appeared in this experiment which were

believed to be true modes, but it was finally found that

it was due to some vibration at the base, which could not

be eliminated, although many trials were made to make it

2s rigid as possible, This vibration could be eliminated

sasily by making the base heavier and more rigid.

In mounting the speaker, part.of the vibration is lost

through thé hook attached to the model, so it is necessary

to plaee the hook of the speaker right over the screw which

is attached to the model, In order not to lose much of the

vibration.

Special care should be taken in reading the horizontal

amplitude, because any small increment in the distance bet

veen the pick-up and the model, will cause a bigger differe-

nce in the reading. There is no device in the instrument

for making the distance between the pick-up and the model

as small as possible, and keeping it constant through all

the readiness of that mode.

The best place for mounting the speaker is at the point

where the maximum amplitude is expected. In dealing with

symmetrical modes , it is advisable to attach the speaker

2t the middle of the girders joining the two symmetrical

cents to eliminate the effect of the unsymmetrical modes,

yi the svmmetrical ones.

As a conclusion for this experiment, it ca n be said

that the experimentallsolution for vibration in building
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frames is a good solution, if special instruments are used

by well trained persons, in taking the readings. After get-

ting rid of the above mentioned difficulties, excellent

results can be attained.
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Vi. APPENDIX.
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