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The earthquake resistance of large-panel bulldings has
not yet been tested by intensive earthquakes. In the Tashkent
earthquake in April 26, 1966, large-panel buildings happened
to be in the zone of low earthquake intensity (approximately
up to 6.5). Therefore for checking up the assumptions adopted
in design as well as for obtaining data on the behaviour of
large-panel buildings subject to horizontal loads of high
intensity of great importance are experiments conducted on
full-scale structures or their models and experiments on
individual load-bearing elements and their joints subject to
various forces which to this or that extent have the specific
features of seismic loads (1)7

For the last years the Central Research Institute of
Building Structures and other institutes of the USSR have
cerried out an extensive programme of such investigations.
The results of some investigations are reported here.

l. Seismic loads are gpecified in the Soviet Code of
Practice according to the expected intensity of earthquake
and the dynamic characteristics of the structure., Therefore
one of the most important tasks of investigations was to
define the periods, forms and logarithmic decrements of the
damping of natural oscillations of large-panel buildings.
With this aim in view full-scale tests of large-panel build-
ings were conducted, using various kinds of inducing oscilla-

tions, the recording of microseisms included (mean values of
periods Ty are given in Table 1l). These tests were carried
cut on large-~panel buildings of various structural schemes
4-12-storey high and on such large-panel buildings 4-18-
storey high where ocne or two storeys had framework (2).
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Tests of buildings of *ae first group have shown that in
evaluating design periods and forms of natural oscillations
of large-panel buildings an approximate scheme may be used,
considering the structure to be a contilever with a uniformly
distributed mass and elastic fixing at the base; however, in
defining the rigidity of the enclosing structures of the
building it is necessary to take account of deformations due
to shear end bending and the latter may be ignored for build-
ings up to 6~-storey high. The tests of buildings of the second
group have shown that deformations due to bending are predo-
minant in the lower framed storeys of the buildings and that
it is necessary to take account of deformations of the upper-
storeys of large~panel buildings. (Fig. 1) At the same time
these tests have shown that the rigidity of the more flexible
(lower) part of the building is notably affected by such load-
bearing structures as flights and partitions. Torsion oscilla-
tions have a considerable effect on the oscillations of the
building the lower part of which is framed.

2. Records of microseisms give data only for very low
stresses caused by small oscillations of the base, In this
cagse the rigidity of the building may be considerably affect-
ed by friction in joints and other comnnections which is ex-
cluded with big amplitudes of horizontal oscillations. The
records of microseisms do not give the answer to the question
of how the rigidity of the building changes with the accumula-
tion of damages (cracks) during intensive movement, Tests,
using powerful vibro-machines or explogions, may give more
full information. In 1967 in the place of Medeo (near Alma-
Ata) two explossions (charges of 1117t and 2825t at an inter-

val of 2.13 sec) were made for construction of a sill con-
trol dam. Test full-scale structures were built 800 m away
from the place of explosion; they were a 4-storey large-panel
building, a similar building with brick walls strengthened
antiseismically and framed buildings (Fig. 2). Records of
801l oscillations made at the moment of explosion are shown
that the maximum displacement and acceleration of the soil
at the site of the test buildings were 9 mm and 500 cm/sec?
respectively. The accelerﬁtion of movements of the building
foundation was 400 cm/secc (Fig. 3). The period of natural
oscillations of the building measures before the explosion
was equal to 0.15 sec, the logarithmic decrement of daming
being 0.3. With the maximum accelerations at the moment of
explosion the building had an oscillation period of 0.25-0.3
sec which corresponded to the predominant periods of soil
oscillations.

Inspection of the building after the explosion h
that the walls of the brick building were hﬁgvily dangeghown
{Fig, 4); as for the large-panel building its damages were
~confined to fine cracks at some joints which, however, did
‘not lead to the considerable reduction of its rigidity. The
period of natural oscillations of the large-panel building
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recorded after the explosion is equal to 0.18 sec. The forms
of osc&%lations of the large-panel building are shown in
Fig. 547, ,

3. Failure tests on full-scale buildings (or up to not-
.able damages) are very expensive and may be carried out only
in rare cases. More feasible are tests on models erected on
-powerful vibro-platforms. Such tests prcvide ample informa-
tion on the dynamic characteristics of buildings and their
elementsg, distribut ion of forces, character and sgequence of
the failure of the gtructure. Such experiments make it pos-
gible to check up various stages of design.

TgNIISK has carried out a series of tests on modelc of
large-panel buildings from 3 to 12 storey high (Fig. &).
Models made from reinforced concrete panels were erected on
a powerful vibro-platform with a table 4x6 m in size (3). To
define the most convenlent scale of the model both in respect
to its manufacture and the accuracy of the test results to
be obtained three models %%ffering only in scale (1/2, 1/4
and 1/6 of the full sizell)) were made for testing one of the
series (1-464) of 4-storey buildings. These model tests have
shown the same results and therefore the scale of 1/6 was
further used for the models of higher buildings (1, 2, 3).

The models were fixed on the platform so as to provide an
elagtic rotation and displacement at the base similar to those
at the foundation in soils of medium density. Together with
the tests of 4-storey models measurements were made of natural
oscillations of buildings which allowed to employ the method
of simple similarity (4). Comparison of the test results for
the model and the full-scale structure is given in Table 2.

When the accelerations of oscillations of the base in
models of 1/4 of the full-scale reached 0.12 g (which corres-
ponded to 0.47 g for full-scale values), cracks appeared at
gome horizontal joints of the model (Pig. 7) and its periods
of natural oscillations increased by 18 per cent. After this
tests were stopped. Judging from the test results of another
geries of models (5), such increase of the period is not
dangerous for large-panel buildings, since heavy damages of
structures are observed with the decrease of the periods of
natural oscillations 2.5-3 times.

The comparison of values of accelerations of the base
which caused small cracks at the joints of the model of a
large-panel building and the full-scale structure during
explosion in Medeo shows their good agreement (in both cases -
about 0.5 g).

D Tegts in Medeo were carried out by the Institutes "Kaz-
promstroyNIIproekt”, TsNIISK, Research Ingtitutes of Ashkha-
bad and Dushanbe. These tests are continued at present.

1) The model in 1/2 scale of the full size was tested joint-
ly by the Research Institute of Dushanbe (TISSS) and TSNIISK.
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4. The tests of the abcve models allowed to check up
the design methods used for defining the distrlbutlon'of
horizontal seismic force between individual load-bearing
structures. It is usually assumed that it is possible to con-
gider individual flat systems, being parts of the spatial
enclosure of the building, as not depending on each other and
registing a part of the full seismic load. The latter is
defined from the assumption that the floor is not deformed
in its plane (6, 7).

To design with more accuracy it is necessary to take
account of the actual rigidity of floors and walls according
to the scheme shown in Fig. 8. The combinei action of walls
and floors in & building symmetric in plan ) makes it neces-
sary to solve the following system of algebraic equationg (8),
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(-1) groups of equations
¥V equations Vv equations V equations

The coefficients of the unknowns Pkm are. defined by the
following formulaes:

with the symmetric position of the indices
n
Anmrm = 8umm + 2 Sme T Smnmﬂ (2)

where £ is the number of the middle diaphragm; only with
symmetric position of extreme indices

Armmn = Sm(m +2 Sme (3)
only with symmetric position of middle indices

i) The load was also assumed to be symmetrical in respect to
axis "l w,

168 B-1



Anmmk =2 6Qmm * 6r:kmﬂ (4)

with asymmetric position of indices
Al'h‘\‘\"S = 2 62\("'\ - (5)
The following symbols are used for expressions (1) - (5)

Sym ~ lateral concentrated load, acting at the place of cross-
m ing diaphragm "K" at the ievel of floor number "m";

Pkm - force, acting in diaphragm number "K' at the level of
floor number "m" (P # Pmk);

kni displacement of diaphragm number “K" at the level of
floor number "n" due to lateral unit force applied at
the level of floor number "m" (Fig. 9);

I’

p_. - force, acting on floor number "n" at diaphragm number
"ill;

(ygkni~displacement of floor "n" at diaphragm "g" due to the
action of a unit force applied at the level of floor
“n" at diaphragm "i™ with diaphragm "1" being rigid
(Fig. 10).

Indices of coefficients A of the unknowns P are put in
the following order: the first two repeat the indices of P,
the third corresponds to the equation number in the group and
the fourth - to the number of the group containing the equa-
tion.

Since
A

the system (1) may be considered to be symmetric to the main
diagonal. :

n&mn= AﬂmKﬂ s xm(ms: }\smxn (6)

I'ree members of equations are defined by the formula
=0 s=e-1

)\ttp =" g‘ 89tx [2 ;'SSK‘ + SCK] - Z| Sst 8{"‘::&3 (7)

where t - floor number, corresponding to the e uation number
within one group of the system of equations (l?;

r - number of the diaphragm, corresponding to the number
of equation group of the system (1);

g - number of the middle diaphragm.

Solution (€ ) allows to obtain lateral forces for which
diaphragms should be designed as cantilevered systems except

=



' i i ntrated
diaphragp " € ". The floor is designed for conce
forces pﬁi which are defined by the formula

- P5p (8)

n
Ppi = Sin
nragm "E " as well as the centilevered system is
deeiggégpfoggthe action of forces applied at the floor level
t which are defined by the formula
s=0-1

ngz Su"'z SZ={ (Ss{_ps’c) (9)

Using the results of design of space gtructures, it be-
came possible to define horizontal deflections of all nodes
in a 3-storey model and compare them with the test results;
the comparison showed a good agreement of the test and design
data (Fig. 11). The divergency in desgin and experimental
values for the 3-storey model does not exceed 10%. Values of
transverse forces at the level of each floor which were de-
fined in conformity with the Soviet Codes (7) and by the
above-mentioned design method, taking account of space condi-
tions, agree well, although at some sections the divergency
reaches 50 per cent. Such a divergency is observed for trans-
verse forces at the levels of upper floors. Since in design-
ing individual panels and nodes for 4-5-storey buildings
account is taken of transverse forces at the levels of lower
floors as well asg bearing in mind that the thickness of the
crogs-gection of the dia§hragm is constant along the whole
height of the building, it may be recognized that the design
methods specified in the existing Codes for the above build-
ings are acceptable. For higher buildings, when the seismic
load largely increases and the thickness of the cross-section
of the diaphragms is not always constant along the height of
has a different reinforcement in lintels account should be
taken of the gpatial behaviour of the structure.

At present tegts of the model of a part of a l2-gt
building made in 176 scale of the full sgze are carrigdogﬁ ,
aiming to further check the method of designing structures of
large-panel buildings (Pig. 12).

5. Special tests of flat cross walls (solid and with one
row of openings) have been conducted to take account of the
yielding of joints, displacements at the base and other fact-
ors which characterize the displacements of individual cross
walls and floors in system (1) (Fig. 8). For the above spatial
model in 1/4 scale the design analysis of walls with openings
was made as for frames, using systems of 3-member canonical
equations of the method of forces in a manner described in the
work (2, 9) for symmetric walls (and skew-symmetric lvads) and
using 5-member equations (9) for asymmetric walls.

170 B-1



The models of cross walls were parts of the building as
if divided at centres of the adjacent window openings. Hori-
zontal forces were applied at the level of floors through a
system of distribut ion beams. Methods of designing beams were
programmed for an electronic computer "Ural-4" and displace-
ments for all the three types of diaphragms under horizontal
loading were defined. Characteristics of the yielding of the
base and joints were assumed in conformity with the experi-
mental data.

The obtained theoretical and experimental values of
deflections coincide sufficiently well (Fig. 14, a). Tests
have shown that evaluation of displacements without due regard
to the yielding of the base amd joints results in a big diver-
gency of experimental and theoretical values of deflections
and forces and divergency in frequencies of natural oscilla$ions
tions. This is seen from the diagram (Fig. 14, b) of changing
transverse forces Ty in lintels (t is the number of the floor
over which the lintel is provided); the continuous line shows
the change of transverse forces in a cast-in-place wall,
while the dotted line - in a precast wall. Fig. 14, b shows
that the presence of joints largely increases the values of
transverse forces in lintels which will increase with the
increase of the yielding of joints as compared to the rigidity
of panels proper.

6. Of great importance for the earthquake resistance of
large-panel buildings is a reliable behaviour of joints.
Several designs of joints to be used for various series of
large-panel buildings have been developed in the USSR. The
evaluation of the strength of joints by testing on small
mod els is difficult; therefore tests of jolnts at TsNIISK are,
as a rule, carried out on full-scale samples, Samples for
testing hogizontal andlvertica% join%s use%61n bgiﬁgin%g ofl

eries I- -AC (Fig. I- -AC (Fig. an ig.
3ere gade4ig %he(fé%m og)%wo %oZnted pa%ts o% panels EFig. 1%3.

The process of manufacturing samples was exactly the_same as
thaat used in practice for jointing panels in the building.

Samples were tested under the static and cyclic shear
loading. The latter case involved 1,000 cycles of regular
loadings with various values of Qmax and coefficient of
asymmentry P = 0.2 with the frequency of repetition of 5
hertz which is close to the fregqnency of natural oscillations
of a large-panel building up to 5-storey high inclusive. The
diagram of applying the shear cyclic load on the samples is
given in Pig. 18. After the pulsation of loading was stopped,
the samples were unloaded and then subjected to gradually
increasing static loading up to failure. Some samples, being
tested by a statid shear load, were at the same time subject
to_cgmpression or tension perpendicularly to the plane of the
joint.
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The damage of horizontal joints began with the forma-
tion of cracks in the mortar joint and in the cast-in~-situ
concrete placed in the Joint during the erection of panels.
In vertical joints the first cracks appeared along the
contact between the concrete of the %anel and the concrete
filling the joint. The mean values of shear static loads when

the first cracks Qpp appeared in the cast-in-place concrete
for horizontal joints were within the range of 60-1G0 per
cent of the value of the failure load Q,, while for vertical
joints of series IIC - 50 per cent of Q.. Since the repair of
oints when the concrete isg damaged ig very difficult, load
p was assumed to be the initial in evaluating the load-
bearing capacity of joints.

Pulsation of the load did not, as a rule, result in a
notable reduction of the strength of joints (even in that
case when samples with small cracks which appeared under
static loading were subject to it). Exceptions were horizont-
al joints with rigid reinforcement (Fig. 15b). In tests of
these joints the load Qpp was reduced due to pulsation by

P
more than 1/3.

Tegts have shown a clear relationship between the shear
load Qpp and the velues of compressive (Ng) or tensile (Np)
forces hormal to the joint (Pig. 19).

Tests have also shown that the following formula may be
used to define the design shear strength of joints (7, 10).

-5
Q,, =kBEVR,, (1+ 25107 Rynd) (10)
K - empirical coefficient for testing joints K = 1.7.

When there are compressive forces normal to the joiﬁt,
the shear strength increases which can be taken into account
by the formula 95 .

Qroew = Qe “'VE"‘ (1)

P
When there are tensile forces normal to the joint, the
shear strength decreases

N 2
QT%? = er{l-'(?gﬁi ] (12)

The following symbols are assumed in formulae (10)-(12).

ﬁ and 9 - thickness and length of the cross-section of the
joint in shear (cm);

R - design compressive strength of the joint (kg/cm?
b prism gtrength; ke s

~ R, and F -design strength (kg/cm?) and the area of the gross-
‘ gsection of the reinforcement in the joint (cm<) ‘
respectively;
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d and n - diameter (cm) and number of reinforcement projec-
tions in the joint.

7. As the model tests have shown, the load-bearing capa-
city of panels proper is defined by their resistance to hori-
zontal and vertical forces in their planes which leads to the
distortion of panels. Samples were made from concretes of
various strengths and vibro-masonry (for vibro-brick and
vibro-block panels). Tests have shown that for the concrete
panels the value of the horizontal load N, causing the first
cracking may be defined by the formula:

d
N=Rep L (13)

where N

horizontal load which causes the first cracks at
the centre of the panel (kg) when <« = ch;

T - tangent stresses (kg) at the centre of the panel
regpectively;

Rep - shear strength of the panel material (kg/cm®).
For concrete panels R,, = 0.6 RppRps
Rp - tensile strength of the panel material (kg/cmz);
L and 4 - length and thickness of the wall panel (cm); .
-
K¢ - coefficient of maximum tangent stresses Kt==L;hd;
h - height of the wall panel (cm),

More detailed data on these tests and design of panels
for distortion are given in work (11).

Conclusions

The conducted investigations allow to consider large-
panel gtructures to be sufficiently reliable and economical
for use in seismic regions. These investigations allowed to
develop detailed methods of designing such structures, their
desgign being made in conformity with Codes of Practice.
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Table 1

Purpose and load-

Dimensions Number

Period of the main

bearing structuiis in plan; of form of natural
of the building m floors oscillations (sec), T
in the direction
transverse longliitudinal
1. Large-panel
blocks of flats 4 0.17 0.155
of series 1-464AC 12x72 5 0.3 0.24
2. Egggtez%%% of 13.,5x70.4 T 0.35 0.28
3. Made from vibro-
rolled panels 12x86.2 9 0.42 0.32
4, Large-panel
block of flats 12x67.2 12 0.52 0.36
5. Large-panel 12x176 4 0.28 0.3
blocks of flats 14.7x19.3 9 0.36 -
with framed (rein- 12x176 10 0.64 0.44
forced concrete) 13.6x93.5 18 1.14 1.05
lower one or two
gtoreys used for
shops
I) Bage soils of medium density
Table 2
Period of thg main form of natural
Characteristics oscillations
measured designed per cent reduced rela-
(sec) for a of diver- to the tive
model gency full-ID va-
(sec) (sec) scale Jues
(sec) :
Model in 1/2 scale 0.065 0.063 3.9 - -
Model in 1/4 scale 0.059 0.057 3.5 0,193 1.02
Model in 1/6 scale 0.05 0.052 3.4 - -
Full-gcale struc-

1) Taking account of the adjustment for various values of

loads for gimulation of the dead weight
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