EARTHQUAKE AS DYNAMIC PHENUMENON
AND
EARTHQUAKE RESISTANT STRUCTURES

by M. Derleres *

I. sSeismic Ground Movements.

in order to carry out antiseismic cémputations,
it is absolutely necessary to determine the seismic Torces,
which act on the structure in question. these forces are

caused by the oscillatory ground movements,through which
the earthquake becomes evident. ’

‘the resulting oscillatory movepents, caused by an
earthquake in a position 'r, located on the surface of the
earth, is the combination of three seismic acticns,the dire
ctions of which are through the vertical,horizontal and the
peipendicular to the plane described by the first two dire-
ctiouns.

Phese oscillations are neither pure harmonic nor
damped harmonic.lheir nsture depends on the uniformity and
continuity of the geological substrata,furtnermore, apart
from the elastic waves of the matter, through which the earth
quake is dissipated, the motion also includes shock waves
due to the disturbance of equilibrium in the seismic focus.

An accurate picture of the seismic movement of
the ground in a certain location, is given by seismographs,
which have recorded the movement in the three main directi-
ons, provided that seismographs are satisfactérily damped.

Let the ansalytical expressions for the curves thus
recorded, be:

2f  yf) zefy (a)

Relations (&) express, in parametric form, the path
of a particle on the ground.should such a path be a straight
line relation a1® the motion be a pure harmonic,provided
that relations (a)represent simple harmonic motions of equal
periods and without original phase,or equal phase.Really in
this case the equations (a) teke the form:

XS0l ¥z Birnwl 2zC.57 wl (&)

From equations {b)it‘}s evident that:
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It follows therefore,that the path of the parti-~
cle coincides with the interception of two planes,the first
of which conteins the y axis and the second the X ax:!.s and
also,that this straight line passes through the origin.

sore-over the motion of the particle is pure
narmoric, for the position of a point P (x,v,2) on the tra-
jectory, as the latter is defined from equations,(b) is al-
so defined by the radius of the cédllinear vector OP, which
measures the displacement of the point from the position
of eguilibrium,.

if r be the veclor 01;,we may write the relation
Tz Va‘-fZ‘fc* S
The above relations represent simple harmonic
motiocn.
should equation (a) not represent simple harmo-
nic motions, the following transcendental equations are
derived by cancelling out t

.Z:f:[zj j’-.-.-/:[!,/ ot /}53/-:0 /;y)zjsﬂ
The above transcendental equations,define two
cylindrical surfaces,the first of which comtains the y axis
and the second the x axis. Since the generatrices of the
two surfaces intercept each other at right angles, it is
concluded, that the trajectory is a three dimensional curve.

Since therefore the curves recorded by seismo-
graphs do not represent pure harmonic motion,the trajectory
of the growynd particle under the influence of earthquake
action is a three dimensional curve.

This curve can be represented by a graph.Seismo-
grams are sultably magnified and axis t is subdivided to a
number of small equal parts,while the corresponding coordi-
nates of the seismogram are found.Combining the seismograms
in pairs, two dimensional curves will result,which are the
projections of the trajectory and at the same time the gene
ratrices of the cylindrical surfaces mentioned above.

fxamining now the consecutive positions,which

the particle occuples along its trajecto we can draw the
following conclusions: & : i

(a) The particle will obey an oscillatory law,but
will not,during its motion generally pass through the eqt’xi.-
librium position. The opposite may happen,provided that the
ordinates of all threeseismograms are simul taneously =zero.

the {(b) In the region of the position of equilibrium
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velocity tends to its maximum value,while in the region of
maximum displacement the acceleration is a meximum. Thus
we may otherwise state,that by the position of enuilibrium
the seismic energy is of kinetic nature,while by the posi-
tion of maximum displacement,it becomes dynamic, The last

obserYation will only apply to points along the trajectory,
at which no shock effects have interfered.

2. selsmic forces and forces due to inertia.

Let us refer to two systems of coordinates having
as their origins 0 snd 0' in order to measure the movement
of a structure.At zero time, fLet the two systems cédincide,
while 0 be the system rigidly connected to the earth,the
latter forming a system of inertia; let also O' follow the
movepent of the earthquake -imposed vibration.

A8 system 0' will follow a motion of wvariable velo-
city, the structure will be acted upon by inertia forces,the
result of which will be the elastic deformation of the stru
cture,this being the relative motion of the structure.'the
motion of O' towards 0,is the participated motion of the
szructure.The absolute motion is the sum of the two motions
above.

according to the equation of the heavy mass and the
inert mass,we can describe the phenomenon of inertia of
the structure in terms of the accelerating system 0' as
phenpmena of a dynamic field,the intensity of which at any
moment is equal to acceleration developed by u'.Thus the
structure at the time of the three seismic motion is,as
refered to system O',under the influence of three dynamic
fields of special nature,of which the two are horizontal
and the third vertical.lheir intensities are alternating
and their megnitude varies with time. The determination of
the dynamic magnitudes,developed on the structure,can be
made using d' Alembert' s principle,which does not change
the dynamic phenophenoh to a static one,but allows the
determination of dynamic magnitudes to be made by a static
method.

we cannot change the problem to a static one,taking
as static loads the maximum values of the seismic forces,
as we shall develop below.

3, Seismic coefficients of the ground and bulldings

wo the seismic acceleration of the ground corres-
ponds the seismic coefficient of the ground, while to the
relative seismic acceleration of the building corresponds
the seismic coefricient of the building,from which the
geismic forces are determined. sSince the telative accele-
retion id different from a buiiding to another,according
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to 1ts cnaracteristics, it follows that the seismic coeffi-
cient of the building,which is aiways different from the
seismic coefficient of the ground,changes from one building
to another.

4. Simple harmonic motion

- S - —Cr - - -

The seismic forces are usually determined on the
assumption that the seismic motion is simple harmonic.Hence
it is necessary to know the characteristics of the motion,
to obtain an estimate of the errors which this assumption
may lead to.

From the equations of simple harmonic motion
we may derive the following useful conclusions

During the harmonic motion, the particle is
displaced from the position of equilibrium on either side
with a retarded motion and returns from the position of
maximum amplitude with an accelerated motion.

According to the above,it is impossible for a
body,or any elastic medium,to move from the position &f
equilibrium,describing from the beginning a harmonic motion,
for it is impossible for a mass at rest to be set in moti-
on under the action of a negative acceleration, i.e by a
force having a direction opposite to the direction of the
motion.

There must be a disturbance by forced motion,or
a force,which will create the initial disturbance and once
this initial cause is nullified, it is possible to have
~harmonic motion from the position of maximum amplitude, and
thus the necessary conditions are fulfilled.

5. The fungamental Period of Structures.

. . ———— " = —— . - -

We now examine the structure in Dr.No I of
which the upper end A has been displaced from position A
to position A'. A' 1s consequently freed to describe a
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motion,the equation of which we shall determine. NoO allow
ance {s made for damping and it is assumed that the dis-
placement a ¥ AA* is within the slastic 1init of the struc
tural material. The differential equation expressing the

motion is :
L% 2 : /D7
iz Fwy=o [z) wnaer w= 7

end D' - static load applied horizontally at A inducing
unit displacement.

The solution of the above equation 1s

¥ =a@simwd | 13)

The motion 1s then pure harmonic of original
phase 2’! and of x periode :

:.—_—-—2

E Dy ignozing the in//u ence of shear fozces we ob
V¥ . e FET MAZ
—-———N /e;tz L= YT ana/ Z‘;:-z,z 5E7
T is the fundamental period of the structure
and it is independent of the original displacement,or any
other external force.

‘8

generally, once the direction of motion is alter
ed, the moment of inertia of the structure will also aliter
amd therefore these will result in a different fundamental
period.

-y T - - - - Y - —

We examine the same structure of Dr. No I and we
set its base on a pure harmonic motion. According to vara
4L the harmonic motion starts at the position of maximum
displacement and will be of the form:

jl' - 4 ca_f M/, 4 (5]
The differential eguation of motion of point A is
. d?f 2 2 .
, ___+@f=awnu¢f(m}
where waZd x¢*
From the equation of absolute motion we derive
aw? &t

- coswit- coswld (i
=g O T g s 1
The equg}ion of relative motion
= XX Ccosw Pacogul) (/¥
wi w2 4 g
When wzw, the above equation becomes
1 " 4
=Z wlirn v
F=3 ¢ 9}

which is the mathematieal expression for resonance.

1435



M. Derleres

We should not confuse resonance with the variation
of dynamic magnitudes as determined from equation (I8),1in
which,however small differences for w w,,we obtain defini-
te values for dynamic magnitudes.

The equation of relative acceleration in terms of
the fundamental period of the structure Tpand the period
of motion of the base, T, 1is :

4an® 2z | 4orTt 2n
= - TRy - cor &7 .4 (20a)
PR s T
Po find the maximum and minimum values of accele-
ration we should solve the trigonometrical equation

EJ‘I.H i{f - A;'/}q_g_”..z‘ =0
This soldtion is obtdined bv a simple arithmetical

method {given in the otigmat  paper) which we omit for the
sake of brevity. ;

By this method,the determination of maximum and
minimum acceleration, is reduced to finding the integer and
positive values of Diophantes' binomhal.

7. Arithmetical example

- —— - - - - -

L) Data for structure in Dr., No I.
B=285 cm M=i5200kg E=200000 hy.cr” Je20x20%122 12332 cra®
The motion of the base is determined by the
- 2.
¥ = 2cex ;—é’-—f

1t is required £o determine the maximum accelera-
tion of A.

We find the fundamental period of the structure
Tp=/3sec and maximum acceleration Foas= R8P4 0% cose. sect

equation

2) For the same problem and for the same data dbut
witgiag Increased cross-section from 20X20 cm to 25X25 cm
we n

- -2
Z‘:a)gj,;eg &”-_5345,// cmsed

The conclusion is that a small change in the cross
sectlon and therefore in the natural period resulted to
thirteen times as much increase of the relative acceleration

8. The damping of the motion
I) Taking into account the damping of the motion,

the differential equation of the fundament ¥ A
the structure is : al oscilfatiafof

2
g

+/z:..££’.*p,=o (25)
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where R 1s the coefficient of dempding and D is the resist
ance factor. :

4 The solution is z Z) 212
}'za.épcasl/f (27) wheze 10’277"‘ and W= ,7"2‘,{'1)
The fundemental period,when damping is taken

into account 1is 72
/
= 2x
AR Ay

2) Taking damping effects into consideration
the relative motion of the structure at the base of which
harmonic motion is imparted, can be expressed in terms of
the followinzg differential equation.

Ly Ly 2 .
Mﬂ% 7"&2}" +Df :MQ’M co.fh’,f (2?/
The solution tc the above equation is

& *
yo LR Teor(Wisf ¢ BIENE costup) (I

N 2/011/ 2
where zf?;é=~/f N V; fhl: J/‘,’;‘;; prlﬂ 21}{:’%‘: 2/01‘/‘
W owi-g, (W L% %% 4pom* W ay2

By inspecting the roots of eaquation{32) it
follows that when pso,there will always exist a definite
value for the root for any palr of values for w and w,

In other words,resonance is impossible to occur. If however
P20 and w=w, we arrive again at equation (18),where resonance
can occur.

9.Coefficient of Damping

- —— - — - -

Fr%m the fundamental equation of oscillation
S

e o cos Wt

we obtain that two gonsecutive displacements have a constant
ratio equal to Ks@i%’? It 1s then observed,that each maxi-
mum displacement is decreased by a constant amount to give
the following maximum displacement. Solving the above equa-

tion for ' and substituting with the velues alredady found
for ' we obtain .

2 —

R L where L= // —@z—“ o 17 Ly
Py 2 1 fp*e ax =T
the corresponding values for )

I10. Arithmetical example

1t is required to find the relative accelera
tion for example No.I para 7, for L=0,3

we first determine the equation of relative
motion s23t

=3 /6% € X ca.r(_/_éi’_.ﬁ #62)— 132505 ”_gé_;_r., £y 5°23)
7 Z
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The equation of accelerat%pn is :
= 195,08 oL 1 p 525 — 1,288 7355 fﬂf/T_.Z; 2p2%28)
The maximum value of the acceleration is then
found using a method similar to the one used in para 6.
we then find _ -2
Phyoy s = 235,20 comrec® as compared to 204 e séc
the latter being the value for for the motion where damp-
ing is ignored.

1I. The earthquake as a harmpnic motion.

this assumption regarding the nature of earth-
quake action does not correspondto reality for the' follow-
ing reasons.

1) It confines the seismic action to longitudinal
waves, while observations prove,that the critical moment at
which the strength of a structure is tested,occurs only when
all three gelsmic motions have been developed.

2) Thelongitudinal waves,as it 1s shown by seismo
grams, are not in themselves harmonic waves for they dnclude
effects from shock waves to the latter of which maximum va-
lues for acceleratlon are due and they do not obey the sine
rule. The maximum accelerations due to shock waves develop
within a short interval of time, This time interval is a-
bout 4xXI0 when the period for the shock wave is 0,6 sec.

{t 13 concluded therefore, that seismic motions
are basically different to the pure harmonic motion. By ap-
plying harmonic¢ analysis to the seismic motion,we can arriwe
at a primary harmonic motion,followed by a converging series
of secondary harmonic terms,the periods of which are only
fractions of the original period. The relative acceleration
is thus found by superimposing harmonics,the form of which
is given by equation (20a).

- e e g - - —

- - - . S e e el e e g S e T D e Y e R W =
> - . SN o an o o Ve W T . WD A P s s P P Y S W T Y WD Y G W D

- - g wn - — - -

we may also draw the conclusion that on firm
ground,riglg# strusetures( small period) are worst loaded,
while on weak grounds, structures of low rigidity {large
period) are. againlpaded as much. This theoretical conclu-
sion is verified by a number of observations made in Greece
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during recent earthquake destructions.

I2. The accurate determination of seismic
forces acting on a structure is so far impossible

1t is impossible to express in terms of an analy-
tical equation the form of seismogravhic curves: A determi-
nation can be achieved only by an approximation,using harmo-
nic analysis and graphical methods of solution:; furthermore,
for a severe earthguake,it 1is not vossible to obtain suffi-
cient damping for the séismograms.

If such a difficulty exists for the analysis of
seismograms recorded for aprevious earthquake, it is more
difficult still to determine accurately the seismic forces
for a future earthquake,the seismograms of which are un-
known.

tven if we could determine with a satisfactory
approximation the maximum seismic forces, it would not be
enough to solve the problem of antiseismic computation,as a
static one and this we shall explain in the following para-
graph.

I3. Selsmic loads.

In the case of static loads we assume that ex-
ternal forces are gradually and uniformly bullt up from zero
to their final value and as a result the work done is con-
verted to elastic energy without any kinetic eneregy.

It is totally different the case of dynamic loads,
where they act lnstantaneously and of value different to zero
(or even if they have initial velocity.)In this case the work
done by external forcus is partly converted to elastic ener-
gy and partly to kinetic energy. When the strain reaches s
value equal to that produced by static loading,half of the
work will have been transformed to elastic energy and the
other half to kinetlc energy.By the time the kinetlic enerey
has been absorbed,the strain produced will be twice the
strain produced bv the equlivalent statiec load.turthermore,
the motion is reversed and there shall be an oscillation
with feference to the position of static strain.By damping
the motion the structure finally comes to a rest and then
the whole of kinetic energy will have been transformed to
work done by the internal.friction of the system,

In order to determine the maximum dynamic defle-
ction, the influence due to damping effects at the beginning
of motion is small and it can be neglected, 'the oscillation
described in the above is determined from the relationship
connecting the intensity and straln. when these relationships
are linear and homogeneous i.e. when the law of nroportion
is fulfilled, then the necessary and satisfying conditions
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for the development of simple harmonic motion is fulfilled.

Referring to fig.I we have indeed this structure
loaded at a by a horizontal dynamic load ¥ and the differen-
tial equation when y is measured from the postion of static
deflection is :

(Ze)oiiy A o3 wheee W2 L8 g T act f
Zhe static deflaction. Akt%pazﬁ@?5h4faﬁﬁhmy /éz,422e47mgzﬁzgeymﬂaén
on JV,}[:(OJ w? (35)

When y is measured from the position of eguili-
brium, the equation becomes
¥=F- Ffcoswl (FF=x)
multiplying both sides by the resistance gperator
U we determine the force,which corresponds at any time to

the strain developed.
P - cosnt) (7€)

Assuming that at time to the dynamic load is
instantaneously zerc and if f’=)j§ - we
obtain at time to :

=P/~ cos ”A)

Therefore for Az p= 0/_;4,0 "“‘97‘03‘ A= 290 z3F

Once the force rroducling the disturbance becomes
zero, the strain will Lontin,until the kinetle energy is
zero and there shall be an aaditional deflection ¥ At such
a moment the whole work done by external forces will have
been transformed to elastic energy. /K:ﬁ%ré%

%, = (0 fo)D 22
and in terms of ratic
Sfi= 2 he Fd (37
fox A= L £t fo= zfxoa;aé‘
It is then derived that,should the cantilever be

loaded with a static load 2P, the resulting stresses will he
thirteen times as much if compared to the actual ones.

1t is not possible therefore, to consider dymamic
loads of short duration equal to static ones.

in order to compute time within which the dyna-
mic deflectlion is developed, 1t is necessary to compute the
equivalen mess, taking into account thé mass of the structure
which,if concentrated at A,will give the same kinetic energy,
to that given by the mass of the structure.

After an inspection is carried out,we arrive at
the following expression fot the equivalent mass.

at ”/ L
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where m is the mass of the structure per linear 1ength,fhu
the equation of elastic line and £ the static deflection.

According to the above,the seismic action on
structures is a dynamic phencphenon,which we cannot at
any moment interrupt its action,converting it to static
action.

Strains produced by earthquake are develomned in
the form of elastic waves within the matter of the struct-
ure and strains,as well ss intensity, dc not only depend on
position, but they are also periodical functions of time,

Yo control the resistance of an earthquake-proof
structure, it is essential to determine the stresses of all
points in terms of time and once the maximum value is found,
the strength of the matter against oscillation is known,
the resistance off each structure can be checksed.

Yhe theoretical approach to the problem of agseis-
mic structures is, however,impossible to be achieved,for
one should be able to determine the dynamic functions of
selismic motions and also the relative acceleration at any
point on the structure together with the resistance develop
ed aegaibnst the dynamic loading.

14, Aselismic structures computatlons

R A - - . M - - -~ we o -

According to the above,we conclude that the me-
thods used in practice,by which we transform dynamic loads
to static ones lead to the peculiasr situation,where we
check by static means the structures using loads of unknown
magnitude,which are in turn determined on entirely wrong
basis, such computation is not onliy useless,but it may prove
to be harmful for the structure,

1t is quite possible,that following such a com-
putation, dimensions are increased, thus decreasing the fun-
damental period and thus for a particular type of seismic
action the relative acceleration is increased; furthermore,
with an lncreased acceleration,will be multiplied by the
increased mass of the structure. ‘the fact that structures
computed on this basis,do not suffer destruction from earth
guakes,does not prove the suitabllity of the method, when
the total strength of the structure 13 not ascertalned,but
such an ascertalnment does not exist. kxperience proves,
that structurs designed by present methods,may in casse of
severe earthquake avoid destruction of the static frame,but
partitions and non-bearing parts,may be destroyed to an ex-
tent of 5u% of the total value of the building.

Regarding the safety of versons,it is imperiled
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by the dsstruction of not only the Irame of the structure,
but also the destruction of walls and pattitions.

From the examination of the subjsect regarding
earthquake as a dynamlic phenpmenon, we are not justified
to alter the fundamental period of the building,as we can-
not foresee whether future seismic action will find such a
change a disadvantage or an advantage.

we should thersfore desien the structures for the
usual loads and keeping to the dimensions thus derived,achi-
eveantiseismic strength by sultable constructional arrange-
nents. .

Such arrangements are briefly described bhelow and
explained in theoretica 1 terms,keeping in mind that, such
structures,have been tested successfully during the recent
parthquakes in Thessaly.

It has besn observed that in dilstricts of Greecs
which guffered earthouske destruction that houses built of
stone or brick were susceptible to collapse easier than hou-
ses built of adobe {sun-dried bricks),

The resistance of the last tyP® of bullding,is
entirely due to wooden joints, arranged in horizontal layers
and especially te those,which are arranged horizontally with
in the side-door posts., kLxperience from earthquakes has led
builders of village houses,who have no theoretical knowledgs,
to use correst arrangements,in order to achieve aseismic
buildings,which are built of weak and friable Materi-
als,such as ndobe (sun-dried bricks).

15. Aseismic_systems based on design and their
dIsadvantaged=~ "~~~ ------msssS-ossososises
1. Single storey or two-storey buildings,made
of natural or artificlal stone-work,are constructed using
four horizontal reinforced concrete closed framing., This
type of construction does not secure the buildings from
cracks,which are formed diagonally,by the side-door posts,
due to shear forces,which cannot be resisted at the top and
bottom of two consecutive horizontal framings. ‘'oc place a
fifth horizontal framing at the middle of the height of the
side-door post is not sufficlent.sometimes they place vertl
cal steel rods within the wall by the side-door post. 'this
is again useless, for the diagonal cracks of the dide-door
post are due to shear stresses,which develop by bending and
these cannot be resisted by the main reinforcement of the
tensile side.

To 1114 reinforced concrete walls is very expen
sive and such tvoe of construction is rarely adopted for
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village houses.

2. rFor multistorey buildimgs with a reinfor-
ced concrete frame, the frame is designed on the assumpti-
on that the infilling walls and partitions are not capable
to resist seismic forces; further still the frame is some-
time reinforced by vertical reinforced concrete walls,
which are capable to resist alone the seismic forces.

in both cases and apart from the method used
to determine the selsmic forces and the fact,that it is
erroneous to convert selsmic dynamic loads to static loads,
the assumptéons regarding the distribution of seismic for—
ces is inaccurate and will only be real, if the infilling
walls and partitions elther collapse,or become unable to
resist external forces. 'rhe distribution of external seis-
mic forces between resisfting and non-resisting parts of
the structure follows-the laws of physicecs and is determined
on the common strain basis.

ln the case of columns and because thev are
extremely flexzible, they wili only ¢«rs2cim o Tesist vty a
small percentage of the total force,while the biggest part
will be resisted by the walls and partitions. ror this
reason the worst damage is always suftered by the last.

iln case, also in which reinforced concrete
walls are used, it is not possible to safeguard walls and
partitions against destruction.

1f pP* be the force resisted by a brick wall
and P be the force resisted by a reinforced concrete wall,
we obtain the followlng expression according to the methods
distrsBielron of sersmic /bzrc;:' Oy
¢ L4 & )
i S /,4'3 @5 ()
In the above exnressions non-dashed symbols
refer to the dimensions and Youngs®modulus of the reinforced
concrete wall, while the dashed symbols refer to the proper
ties of the brick wall.

wnen the dimensions of the two walls are i-
dentical,we obtain.£ and if the shear stress 6f the
reinforaed concretgswéil is 6 hgﬁyn‘ the corresponding shear
stress in the brick wall is 1,7 ke/afi.e. more than three
times as much in excess of the allowable stress.

J.f a’-é.m a=2lm 6:/‘43,” é'é /ée,z -——0‘2/
Tz 6hgcai®  T'=2,57 apcni® “and therefore
rive 1mes in excess of the allowable stress. "thus the da-
mage suffered by walls and partitions in multistorey buil-
dings is explained.
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The diagonal cracks observed at side posts
are justified by their weakness to resist horizontal forces.

A post or a wall of height h, length a and
breadth b, acted upon by a load of constant magnitude P at
their upper end, develops a bending moment according to the

equation
Péz:_ M4 from which AM=_ ﬁé_
2£7 £7 2
The deflsction due to bending 1s :

' /_/'%3
“TET
and the deflection due to shear for G =g4f =/2 is

/ JPh z _ Ja?
S It follows that 7~ = 7Z~ . The strain due to
shear is therefore greater than that due to bending, when

a Deosp74 and 1t becomes three times as much for ash,Regard-
ing the relation ship of maximum sStresses, we obtain:

ko [- 3

ﬁ%‘f 2 When @24 ghear stresses are greater than
bending stresses. Taking into account that the compressive
strength og walls is greater by far than their shear strength,
the comparison should be made with the tensile stresses due
to bending. The latter is usually small, because of the pre-
sence of the vertical compressive loads and therefore the
proportion of shear stresses,which is derived from the abo-
ve relationship,does not refiect real conditions,which in
fact 1s still worse.

Also the time during which the strain of the
post takes place is substantially smaller, compared to the
time required for the straln of the main columns to dewveloD.
In other words the post absorbs in the form of elastic ener-
gy the best part of the work of selsmic forces and therefore
the presence of diagonal cracks 1s explained,from the collapse
of which the destruction of the rest of the structure follows.

Again the assumptions om which the distribu-
tion of seismic forces is made is inaccutate. These assum-
ptions are based on the idea that slabs act as rigid dia-
phragms and hence static deflections of vertical bearing
systems are equaled. The condition of maintaining the geo-
metrical compatibllity of the structure is thus fulfilled.
These assumptions would be sufficient provided the loads
were. static, In the case of dynamic loads,i.e. seismic acti-
on, it is necessary that equal strains are developed within
equal time intervals. From this condition it follows, that
during the earthquake,a continuous redistribution of forces
applied to vertical resisting system , takes place,following
a periodic law. Only thus it is possible to have equality
between deflections and time intervals during which the
former are developed,
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Also the computation of deflections as based
on the principle of Navier-Bernoulli is inadmissible as far
as walls are concerned for the condition &6, =zux=0
is not wvelid,

16.Constructional arrsngements of

aseismic_strustures.

To face the problem of aseismic structures
correctly, it calls for a systematic study of seismograms,
using harmonic analysis for the curves,representing the
selsmic acceleration of the ground and to keep a relation
with a systematic record and the results of previous earth-
quakes, The analysis,applied to a sufficient number of
seismograms,would offer useful corollaries, regarding their
bature, their primery harmonics their curves of acceleration
and also the manner according to which secondary harmonics
will alter.

in spite the different forms with which the
seismic actions take place, it is possible to draw from
the analysis the characteristics which will simplify the
theoretical study.

Experience gained from past earthquakes has
however underlined some conclusions, regarding the mauner
according to which damage and collanse occurs: these con-
clusions,together with observations on the strength deve-
loped by houses dbuilt on adofe ,reinforced by wood-fra-
mes, has led to suggested constructional arrangements,which
are justified according to the theoretical study stated in
this work.

These constructional arrangements,which owing
to the confined space of this summary,we cannot set out and
glving only a very brief description, have been applied in
§reece for the construction of lecture halls.

‘'hese lecture halls have endured several earth
quakes and especially the earthquake in ‘hessaly of March
I957 (IO0ge Mercalli-Sieberg),without suffering any damage.

I) Buildings single-storey ot two-storey :Their
seismic resistance 1s ensured by avoiding the basic disad-
vantage of non-uniform strength for natural or artificial
stoné and using mortar of proportions L:3 or L:i.

At the same time,in order to make the wall
effective and especially to avail the posts to resist shear
forces, horizontal Joints properly reinforced are placed at
intervals. Such joints are different from horizontel framings.
They are constructed bg the builder while wall construction
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is progressing using the same mortar for the stone-work,and
no shuttering, every 0,30-0,40 m (two cornerstones for stone

work}.

The horizontal bars (for a& wall width of
0,50m théir no is 3) which are placed along the length of
the walls correspond to the stirrups of & beam under bend-
ing and are connected with transverse rods. The reinforce-
ment is suitably bent by the end of the posts, at the cor-
ners and at the places where the wall is intercepted. The
diameters of the bars are determined for 3 categories of
seismic actions. In the region of small earthquake action
the reinforced joints can be confined only to the height of
posts and continued up to this height in all the internal
and external walls.

In the case of two-storey building, the up-
per storey is constructed like the ground floor of the
single storey, but the reinforcement of the ground floor 1is
inecreased. The required cost in excess of the cost for a
usual structure is 8-10%.

2) Multi-storey buildings with o reinforced
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In this case walls and patitions are rein-~
forced with reinforced joints,according to the manner des-
cribed in the above. These joints are constructedin all
walls, whether the latter are with or without openings, in
order to reinforce the post which exists between the openin-
#£s8. The reinforcement of the joints is anchored in the co-
lumns which exist on either side.

Special measures are taken for basements
without walls and also for the case of a view formed by colu
mns,with continuogs spans., it is also necessary that stair-
cases occupy the entire height of the building and their
walls be of reinforced concrete. 'the increase in cost which

we obtain using these me
the total cost. asures 1s not greater than 5-6% of

kven in this case to check shear du -

I1;1zonta]. seismic forces at the head of the colunns -:stgortm
t;::s:ary. it follows from a relative study of the matter
or a seismic coefrficient equal tol in order that the

columns may resist shears the condition L 2]

l“"'/" m 1l -
filled. in this relation #=£7% 4 is tha %°Jbe“s:§:n;:hr:%

concrete, and & 1s the ultimate com
’ ’ pressive stress i
Steel.ror B~éd K/4 §32400 =046 it must be »; 41:02?0

‘the
lmfz:oportion U,0042 is less than the minimum sllowable
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3.Buildings of special vurpose.
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Large church bulldings,theaters,museunms
and halls of any nature,where large spans are necsssary,
should be constructed with reinforced concrete frames,de-
signed to resist normal loads and all their walls must be
of concrete reinforced,with a dauble layer of grid reinfor-
cement, Design against seismic action is not necessary.

For all building categories one must en-
sure with care all kinds of projections cantilevers and

loose parts such as sills,chimnevs, roof-tiles etc.

. Specidl rules also apply to the founda-
tions of these buildings.

I7. Conclusions

1. from the technical point of view,earth
quake action is a dynamic phenomenon of many-sided forms,
while the time,at which it shall occur,or the form under
which it shall develop,we cannot foretell.

2, seismic forces,acting on structures,
are determined from the relative accelerations,developed in
them and are mainly depended oz the relationships between
the variable periods of seismic motions and the fundamental
‘periods of the structures,on corresponding directloms.

. 1t follows,that to increase the dimensi-
ons of the system resisting the loads,may decrease the seis
mic resistance of the structure,in case of an earthquake of
special form.

1t is possible that a building,which 1is
not earthquake-proof but well constructed,to resist a se-
vere earthquake and to collapse under the action of an earth
quake,of smaller intensity..

1t 1s also possible, that the building
while it may resist an earthquake of a particular form, it
mey run the risk of damage,when the same form of earthquake
will act in another direction.

3. The assumption accorlding{to wpich ghe
earthquake is a motion with simple harmonic moticn characte-
ristiga,is not real and may lead to erroneous conclusions.

4. Seismlic forces are of %yrégmicifirx:vﬁ:
vary according to a pertodic law,within shor me inte
angythereroregthey cannot be assimilated to static loads,
the magnitudes of which are determined in a way quite
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arbitrary and inaccurate.

5. The static computations,used in pract-
ice based on wrong sssumptions,bear no relation to the
real anti~earthquake problem and give rise to trouble to
both designers and bullders,without ensuring the safetly
of buildings agalinst seismic action, the result being to
burden uselessly the financial sources of the State.

6. A satisfactory degree of safety against
seismic action may be achieved by following simple constru
ctional arrangements,based on experience and on the stu-
dy of the subject from the dynamic point of view.

7. It is possible that substantial pro-
gress can be made on the anti-seismic problem,by a syste-
matic study of seismograms,together with the corresponding
effects observed on bulldings which have suffered earth-
quake action.
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