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Considerations are suggested for decreasing seismic loading
at earthquakes by using light-weight structural materials with
a higher vibration damping, experimental results are presented
on the vibration of lisht-concrete atructurea having the said
properties. N N : ke g - ek

Presentation is made of the problem on selecting optilnl
rigidity of a frame building with a given, determinated law of
the foundation displacement. The optimum criterion is taken to
be the weight or the cost of the bearing structuralk units. The
study resulted in the optimum characteristics being alotted to
the buildings with vertically diminishing rigidity.
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Experimentation on the behaviour of the ferro-concrete
frame-~-type structures under impulsive loading has resulted in
the determination of their surplus seismic resistance. .. .
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One of the basic principles of securing seismic resistance

of structures is minimizing their exposure to seismic stress

through weight reduction and by using materials '1th hisher
vibration-dissipation characteristics, -

An effective weight reduction of’ stmcmt‘:s ‘attained
by the use of soft and reinforced concrete producing weight
reduction of 25-40 per cent depending on concrete density.
Following these guidelines the Armenien SSR carries out a major

of its civil, hydrotechnical and transport construction
using light concrete and reinforced concrete with natural
porous aggregates,. ”*’.,fﬁ‘

Quantitative data on damping vibration in light ferro-
concrete have been obtained by experimentation on the decrement
of oscillations for the deflectable units of light as compared
to heavy ferro-concrete having differing amounts of longitudi-
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nal reinforcements at dynamic and static loading (with no
longitudinal compression force, with centrally gcting 1ong%—
tudinal force and eccentric compression at varying eccentri-

cities.

The experimental specimens were ferro—concre?e columps
180 cm. high, 14 x 20 cm. at cross-sections and with longitu-
dinal reinforcement: 0.66; 0.95; 1.94; 2.53 per cent.

Tegts were conducted on a seismic platform prodi=
cing the needed extensive accelerations in a wide range of
frequencies. The platform was supplied with special devices
for reliable fixation of specimens and to enable both central
and eccentric application of the longitudinal compressing
force.

Each column held a wire strain gauge having a base of
20 mm. on all reinforcement rods and having a base of 160 mm.
on the concrete at four vertical levels on both sides of the
column, Beside strain gauges for measuring deformations there
were also gauges mounted for monitoring displacements of the
platform and the top end of the column.

The specimens were first tested for transversal bending
(dynamic and static) with no compressing force and then with
centrally applied compressing force. Further tests included
transversal bending with eccentric compression, the eccentri-
cities being h/6 and h/2, where h is the section height of
the columns. The tests have been conducted with the same cyc-—
les and the same strains as in the case of the transversal
bending with no longitudinal force and with central compres-—
sion.

To establish the bearing capacity of the specimens one

of them was forced to destruction with constrained oscilla-
tions in the resonance mode of operation, the platform acce-
leration being 3.41 g. Subsequently taking the maximum acce-
leration of the platform to be 60 per cent of the destructive,
determinations were made of the platform operational accelera-
tions for the whole series of testing. The major testing was
then started for the constrained oscillations with differing
platform accelerations (0.94; 1.35; 1.77 and 2.18 g).

Processing the emerging recordings resulted in the pre~
sentation of the resonance curves, the decrement of oscilla-
tions for all specimens tested being determined by the width
of the curves.

Next, testing was conducted for free transversal oscilla-—

tions caused by an instantaneous disengagement of the specimen
from the horizontally applied force. The maximum amplitﬁde of
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the induced free oscillations agreed with the resonance amPli—‘
tude of the constrained osnillations. The resulting recordings
yielded the decrement of oscillations using trivial methods.

Next series of experiments included testing the tramsver-
gal bending of the specimen with the repetitive alternating
gtatic loading applied in steps up to the values originating
initial specimen saggings during free oscillations.

The resulting data enabled plotting of hysteresis loops
for the full load-unload cycle to further yield the decrements
of oscillations.

The analysis of the resulting data has produced the fol-
lowing regularities:

The decrement of oscillations for ferro-concrete columns
at all testing stages and at different levels of loading has
‘come to be greater for light concretes than for the heavy
ones. This difference is greatly increasing in the presence of
the longitudinal compressing force, particularly so in the
cases of its eccentric application as well as with an increa-
sing percentage of reinforcement, being contained within 23 to
63 per cent.

During the transversal oscillations and in the case of-
the centrally applied longitudinal compression force the decre—
ment of oscillations has come to be smallar as compared with
the transversal oscillation= with no longitudinal force
applied.

This decrement is particularly tangible at greater percen-
tages of reinforcement. Thus, at M = 1.94 for light concretes
this decrement attains 16 per cent and 40 per cent for the
heavy concretes.

For the transversal oscillations in the case of an eccen~
tric application of the compressing force the lecrement of
oscillations is smaller compared to the centrally applied
longitudinal force by 11-28 per cent (the greater percentage
of decrement corresponds to the heavy concrete).

) At all events during transversal oscillations the decre-
ment of oscillations is dropping with an increased percentage
of reinforcement (for the same stresses):

- wWith no longitudinal force - 0.49 to 0.25 for the
light concretes and 0.39 to 0.19 for the heavy concretes;

— with longitudinally applied compressing force - 0.47
to 0.22 for the light concretes and 0.27 to 0.16 for the
heavy concretes;
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- with longitudinallyapplied compressing force having in-
significant eccentricity - 0.46 to 0.21 for the light concre-
tes and 0.35 to 0.13 for the heavy concretes;

- with longitudinally applied compressing force having a
significant eccentricity - O.44 to 0.20 for the light concre-
tes and 0.29 to 0.12 for the heavy concretes.

This conclusion is important for reducing metal consump~
tion.

During transversal oscillations with any reinforcement
percentage and in all of the cases considered (with no longi-
tudinal force, with centrally or eccentrically applied longi-
tudinal force) the decrement is increasing with an increased
acceleration of vibration. In the case of no longituflinal
force this increase constitues.10-20 per cent for the light
concretes amd 15-30 per cent for the heavy ones. With the
centrally applied longitudinal force this increase constitu-
tes 12-24 per cent for the light concretes and 12-32 per cent
for the heavy ones., With eccentrically applied longitudinal
force this increment constitutes 11-25 per cent both for the
1light and heavy concretes.

Thus, application of light concretes results in reducing
the seismic loading both through reducing structural weight
and by improving vibration damping.

2. Selecting an optimum rigidity of frame buildings

The problem considered is the one on the optimum selec-
tion of rigidity for a frame building with a known determina-
ted law of foundation displacement. For a uniform material
the criterion of optimum gharacteristics is taken to be the
weight (volume) and for a heterogeneous one the criterion is
the cost of the bearing structural elements. In searching for
the optimum dimensions of units the geometrical layout of the
frame is assumed to have been pre-specified. All units meet
the requirements of strength and rigidity.

In.some cases, particularly with harmonically oscillating
foundations, the problem on selecting the optimum rigidity of
a regular frame having the minimum weight is solved in a clo-
sed form. The dynamic design scheme is assumed in the form of
a system having a finite number of the degrees of freedom.
The‘motlon equations are composed using the method of defor-
mations. Use is made of the mathematical apparatus for solving
varlatlonal_problems with no limitations to the values of pa-
rameters bglng variated upon. Introcduction of Lagrange factors
and composing equations matching the minimum of the specified
functional originates a system of equations determining the
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parameters characterizing the state of deformation and the
cross—sectional dimensions of units. In case of a rectangular
section and at specified sectional dimensions the optimum di-
mensions are determined in the manifest form.

The minimum~volume frame system performing harmonic
oscillations poses as an equiresistant structure. The maximum
normal stresses within each unit are practically equal. There
is also equality between Hhe linear and angular deformations
of rigid Joints at all storeys except the first. The first-
floor rigid-joint deformations are somewhat different from
the upper ones because of the different boundary conditions
of the first-floor units. With the floors having absolute ri-
gidity, the optimum rigidity is characteristic of the frame
in which all the floors have equal relative deformations. So-
lution of an actual example has shown the volume of the opti-
mum double-span ten-story frame to constitute a 0.86-th part
of the volume of the same frame having, however, constant ri-
gidity in the vertical dimension.

Let us consider an optimum selection of rigidity of the
frame buildings having a shearing pattern of deformation for
the cases of non-stationary influences during impulsive foun-
datlon displacements and of the displacements following the
real-earthquake accelerograms. An optimum resistance to the
instantaneous influence (seismic shock) has been offered by
the buildings having a vertically variable rigidity expressed
by the following equations:

QK=04[&4- %ﬁ (1= o) ]
o = *(H——‘Z_) 6)02) + 0)96-) n= -+ 11

where: Qi ; i - story rigidities of the k~th and I-st floors,
n ~ number of storeys.

Consider the optimum problem in the case of using accele-
rograms of the real earthquakes. The criterion of optimum pexr—
formance for a reinforced-concrete building is taken to be the
cost of the bearing structures. The variable parameters were
the geometrical dimensions of the first-storey columns: cross-—
sectional dimensions and the storey height.

¢

With two real accelerograms a ten~storey reinforced-con-
crete building had optimum indications in the case of the ri~
gidities of the first and the upper storeys being in close
proximity (a,/a% 0.64#0.7). In this case the first-storey
height in thg agtimum version was equal to the heights of the
upper gtoreys. The saved cost as compared to the constant-
rigidity frame was 448 per cent.

The optimum rigidity can be dstermined not only by vari-
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ating the geometrical dimensions but also by an adequate se-
lection of structural material.

It has been shown that for the buildings with predominant
bending and shearing deformation the criterions of optimum
material for bearing structures are the values

6] L [ k2
(E \ )‘/2 G \ )‘/2

where B?l, B:] - respectively admissible normal or tangent
stress;
E elastic modulus;

G - rigidity modulus;
Y - volume weight of the material,
K - a coefficient characterizing an uneven dis-

tribution of the tangent stresses (K =0.83
for a rectangle).

3. Specifying surplus seismic resistance

During an earthquake the columns of a ferro-concrete
frame are being suddenly displaced with the buildingfounda-
tion thus subjecting themselves to the action of inertial
impulse-~type forces at the floor levels. The forces (reac-
tions) originating in them attain the maximum values

when the duration (T) of these forces being active through a
sudden desplacement of the building foundation becomes com-
mensurable with the half-period of its free oscillation.
At the elastic stage of structural operation P = SSUDE,
S=R &, w2 s, Sn 7w
3 ! T™ RYY 3
at 2. T . P= )R =
5 3

In this. eonnection there exists a linear dependence
between P and the dynemic sagging ( gs-), which for the

impulsive action is defined by the expressions:
= with unspecified energy absorption
dg= 8P (TsnwfEwdus Yo (- oswt)
at *l:z’t;g'» d9= 2%
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- with specified energy absorption
—dt
kj%: 9 [1_ QOL Q%&) Slr\u)'t'(-CoScOt)]
h ~_
where ol= i’T‘ ~ damping coefficient at t= C= %

_ - 4
do= Yo (he 5 )= de (0 €)= 8Ky

therefore, at the elastic stage of the column operation
_X
P= PE U-&- e )

As a result of the author's examination of ferro-concrete
fragments and natural-sized frame columns as subjected to the
multiple alternating as well as to maximum impulsive (at t:%)

horizontal action forcing them to destruction, it has been
established that:

- When effecting the ferro-concrete frame in compliance
with the requirements of the building standards and regula-
tione as to concrte strength, technology and selection of re-
inforcement (mainly lateral reinforcement) the development of
elastic and plastic deformations causes reduction of the dyna-
mic coefficient s this reduction being more significant in

the forces (reactions - P ) than in saggings ('38).

E.G., for excentrically compressed col ing) at a
normal force =180 t. application of powerful development
of plastic deformstions resulted in the following reduction
of dynamic coefficients: in saggings K%’ ‘é_%_ 1,553 in forces

— % ——

Kg = P 32 5 at a dynamic rigidity reduced by 1.33 times

( K\Z‘ . 1-122-*-0,66) and an over 10-fold increase of the energy
v

absorptioﬁ coefficient at powerful impulses (% 030.12 to

\r{ =1028)o

Destruction of these columns occurred at P, = 2,3 P

at a meximum sag  Jy,,. = 14,0em (26 Yeap)

For columns with no compression (N=0) a ten-fold increase
of D was accompanied by a 15-times increass of the sag-
gings, while Kg: 1,4 |

Significant results have been obtained when testing a
three-storey dtduble-span ({=6.0 m.) reinforced-concrete natu-
ral-size fragment (column section 40 x 50 cm.) composed of
cross-type units and simulating the 3 lower storeys of the
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middle frame in a 9-storey frame building (with estimated seiss
mic resistance of 8 poinbts). Subjecting the fragment to multi-
ple horizontal increasing impulses (atT =T/2) and to static
exgerimental stresses caused by the developed elastic-plastic
deformation results in the dynamic coefficient dropping from
Kg =S,95 to KT‘I .43.S%estruction of the fragment ocgureg. at

= YL (A9 1S Pqtlalong an oblique section of a Vop=-
store?tg\idd.%e ¢o u?ih atag. transversally applied strength Q=48%,
( 9.MQ ) at an increased energy coefficient up to \Y =2 with
the maximum saggings attaining y __ =18.0 cn. ( X 8 ¥ ). A
short-duration coefficient =P4%> has been assumed in com-
pliance with computational s dards for eccentrically compres-
sed ferro-moncrete columns_and has been experimentally confir-
med as regards the currently expanded energy-consuming capacity
of the columns, When developing the elastic-plastis deformations
and the column operation in the second boundary state, beside
m,..=1.2 one can introduce a non-linearity coefficient m,p =42

to produce calculation of the frame columns for the actual-to-
elevated seismic actions according to the accelerogramms.

Research by prof.I.L.Korchinsky who has suggested evalua-
tion of the bearing capacity of the reinforced concréte struc-
ture under seismic influences to be mallée from an energy stand-
point, Bas shown the elevated segismic ,.jlccelera'l:ions causing re»
sidual structural deformations U, > 2Us to constitute 5 to 15
per cent of the total number of loading cycles > Uav with their
pumber hitting an average of %% x 0.1 for overloading accele-
rograms, It is to be added that of these peak accelerations
with the multiple (equal) periods T/4+1/2 (where T is the peri-
od of the building's free oscillations) the ones that can resl-
ly cause plastic and residual deformations will constitute less
than 9 per cent. Introducing m., =1.2 beside =1,2 into the
calculations for eccentrically compressed colu results in
retaining a considerable reserve of their energy-absorbiag
capacitg. The above statement is true for the specified co-~
lumns, designed and created according to the required stan-
dards. Violating these requirements, particularly on conducting
structural work and on placing transversal reinforcement of
columns precludes development of their elastic and plastic de-~
formations endangering the structure at seismic overloading.

Experimentally substantiated conclusions of the authors
a double~-span fragment of prefabricated monolithic frame (with
column sections 50 x 50 cm.) of the middle section qof a 14~
storey framework simulating the 7-8 storeys with theclosed col-
lars being replaced by loop outlets at 30-~cm. pitch and alsoin
gtjz:pporgi% zong& d;%ggi teg‘b d.:mgoﬁa 'bheha vg—me:il{iogeglshorg-

me static an ynamic loa 8 shown fragile failure

segregation of the left column and under a stgep oblique sez-,
tion also of the right one, the transversal force for each co-
lumn being Q=27-30 t. ( & 1.35 to 1.5 Pye,. ) With no compul-
sory appearance of plastic deformations., Similar failures of
ferro~concrete columns have been observed at powerful earth-
quakes in Chile, Bucharest, etc. ;
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