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1. Introduction. Usually for the non-elastic deformation using the yielding coefficient n what is the relation of
maximal limiting deformation in the elastic-plastic phase to deformation at the moment when plastic
deformation starting (end of elastic deformation):
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As shown on the figure 1 it takes place
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Figure 1. To definition of coefficient of damages.
For the ideal elastic-plastic materials (structures) AY = AY’ and as result will have
y max
n max _ » of Rn max klRy max’ 3)
n
where is
]. I max
k== : (4)
MRy ax

Thus, the coefficient of damages k, represents the relation of elastic-plastic response of system in the moment



of beginning of plastic deformation R to conventional maximal response R of this system in the
n max y max

assumption of its elastic behavior from beginning to end of earthquake.

The non-elastic deformation in the buildings and structures always arise during the strong earthquake. The
study of these deformations under the accelerograms of strong earthquakes for the different "regeneration force -
relative movement" non-linear relations is shown one important property of the process of structure
deformation: maximal displacement of the elastic and non-elastic structures with the same equivalent natural
periods of free oscillation and damping characteristics very closed when the value of das not exceed 3-4 [1,2,3].
In the table 1 are shown the calculation results for simple system with one degree of freedom for elastic and
equivalent non-elastic system under the different values of k, [3] under the accelerogram of real earthquake (the

maximal ground acceleration is 0.25g, Eureka Earthquake, 21.12.1954), which are confirm above mentioned.
Table 1

The value of maximal displacements

Maximal displacement, cm
Thee\;?(l)ljleo(;"ffirgietial Non-elastic calculation
oslcjzillation, T, sec Elastic calculation ililo4; kpll=:2005 ilzj(;’;
0.35 2.41 2.37 1.99 2.89
04 2.97 391 3.67 2.94
0.45 3.97 3.87 4.14 2.86
0.5 4.27 4.18 341 3.83
0.55 3.01 3.45 3.81 3.99
0.6 5.53 5.34 5.04 6.6
0.7 6.05 4.98 6.33 4.54
0.8 4.57 4.02 3.40 4.83
1.0 3.86 3.44 391 4.10
1.2 2.96 3.61 4.99 3.28
1.5 8.04 8.55 7.67 7.12
2.0 14.3 14.4 14.0 13.9
2.5 17.2 18.0 19.8 11.3
3.0 18.5 18.6 15.7 12.7
The same results were received for the 10 storeys reinforced concrete frame building with masses m,; = m,
= .m, = 52kgsec2/cm, storeys stiffness a, = a, = ..a_ = 110400kg/cm and k, = 0.5, ¢, = 0;0.2;0.5 under the

calculation by accelerogram of Holister Earthquake (09.03.1949, maximal ground acceleration was 0.125g). The
results of this calculation are shown in figure 2.

2. Criterion of seismic resistance for calculation by the Armenian Codes. The formation of damages in reality is
the cause of decreasing the stiffness of structure, increasing the its period of natural oscillation and arising of
residual deformation. The optimum design solution is the compromise of two approaches: decreasing of stiffness
(through including the coefficient kl) and limitation of displacements (elastic + elastic-plastic).
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Figure.2 Distributing of displacements for elastic and non-elastic calculations
of 10 storeys building.

On the sample of system with one degree of freedom - one floor frame with rigid beam, carrying the
concentrated load Q (figure 3) will show the conditions when it is possible to have above-mentioned
compromise for design by the Armenian Norm CCRA 11-2.02-94 [4].
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Figure 3. Deformation scheme of structure

According to code [4] the elastic seismic load for the one floor structure for the I-st category of soil and periods
T > 0.4 sec will be

S =QAkB(T) = C—l 7(T), (5)
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is horizontal acceleration of concentrated mass Q/g.
Because of between concentrated mass and its displacement there is relation [3]:
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If will take into consideration the seismic zone 3 (A=0.4) and taking k=0.8 for I-st category of soil for maximal

displacements under the elastic oscillation will have
¥, (T) = 107372, (8)

The period of natural oscillations for the structural system (column with fixed edges), which is shown on the
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figure 2, will have

Transfer (9) to (8) and assuming

where is 6 normal stress in the columns under the permanent loading for the displacement (8) will have (in the
cm)

2/31.—4/3121-2/3
Yinax = 1.27¢7°h 7°1“E . (11)

Thus we can take into consideration that during the earthquakes the expression (11) for the maximal
displacements of structure for the conventional elastic and real elastic-plastic behavior is the same, where G is
normal stress in the column, E - initial module of elasticity, h -column cross section height and 1 - column
height.

For the optimal design it is necessary to determine by the experiment the value of very important parameter:
what displacement limitation may be allow or the structure.

J. F. Borjes and A.Ravara have shown [2] on the base of experimental studying of reinforced concrete elements
buckling and on the base of hypothesis of plane section and ideal diagram f3tress-deformation" for concrete and
reinforcement (maximal relative deformation 1% for the strained reinforcement and 0.35% for the concrete
correspond to destruction) and non-elastic behavior, that for the fixed by two edges column the boundary
displacement express in the following way

12
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where are n = [N/(bho - characteristically strength of cylindrical concrete samples with age 28 days,

bl Chk
which is assume equal to 85% of cubic strength. The percentage of reinforcement of samples was in limitation
0.5-1.5%, and value of yielding coefficient equal p = 3.5. By the mean of authors [2], at the more large
percentages of reinforcement the value of yielding coefficient may be too high. As authors mention the
expression (12) may be true for different classes of concrete and steel.

Base on the main criterions of seismic resistance - the maximal movement of structure with taking into
consideration of elastic-plastic deformation can't exceed permissible value:

(13)



Ymax < Ylim
On the base of (11) and (12) will have:
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From where
-3 3/52/51.1/5 ,
o), < 5.23x10 s YPEYh!P, (14))

The expression (14) allows determine relation between the height of cross section h and minimal value of axial
stress ¢ under the permanent loading for the column with known concrete class (strength). On the case of
keeping of this relation the value of yielding of structure u may be take equal 3.5 (k,=0.285).

3. Analysis of results. In the table 2 are shown boundary values of axial stresses o, lim what were calculated

li
by (14) in dependence of column cross section h for the light and heavy concrete which are usually use in the
construction of frame buildings in Armenia (concrete class B15, B20 and B25).

Table 2

The limit values of axial stresses

Limit values of axial stress oy;,,, under the permanent loading for the different
Height of column concretes, kgf/cm?
cross section h, light concrete heavy concrete
cm BI15 B20 B20 B25 B15 B20 B25
D2000 D1800 D2000 D2000
20 24.3 32.5 344 39.5 26.8 39.2 45.6
30 26.4 353 37.3 42.8 29.1 42.5 49.5
40 27.9 37.4 39.5 454 30.8 45.0 52.4
50 29.2 39.1 41.3 47.4 322 47.1 54.8
60 30.3 40.5 42.9 49.2 33.4 48.8 56.8
70 31.2 41.8 44.3 50.7 34.5 50.3 58.6
80 32.1 42.9 45.4 52.1 354 51.7 60.2

The values of characteristically strength of concrete o, correspondingly take equal 200, 250, and 300kgf/cm2.
For the light concrete were considered three class of concrete: B20 (D1800), B20 (D2000) and B25 (D2000) with
initial module of elasticity E equal 173x103, 199x10° and 214x10° kgf/cm2 correspondingly. For the heavy
concrete class B15, B20 and B25 the values of initial modules of elasticity were 235><103, 275x10° and 306x10°
kgf/cm2 correspondingly [5].

As you can see from Table 2, with increasing of column cross section height h the value of boundary axial

stress under the permanent loading also increase, but very slowly. For the column from light concrete at
h=30+50cm the value of 6, is 13+15% from o, and at h=60+80cm - 15+16% from o, , . For the column from

heavy concrete these relation is insignificant higher and there are at h=30+50cm - 15+19% from o,, and at

h=60+80cm - 18+21% from Opx

The limitation of relative drifr of stories A of buildings also can be considers as measure for the structure
seismic resistance. According to Armenian Code CCRA II-2.02-94 for the frame reinforced concrete structures
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this limitation is 1/200 of the building height [4]. With accordance to experimental results what were received
by M. Melkumyan [6] for the I1-type reinforced concrete frame the limit drift A may be assume a 1/200+1/160 of
the floor height. In accordance to [2] the relative displacement for the buildings with ordinary height of the
floors cannot exceed 2cm, that is for floor height 1 = 300cm corresponded to A =1/150.

On the base of (11), the drift limitation can be express by the following way

1.27623n 431228 _ A, (15)

From (15) it is possible to determine the minimal height of column cross section for the different values of
axial stresses o:

h > 1.19662E1/2A=3/43/2, (16)

For the above considered columns from the light and heavy concrete B15, B20 and B25 classes the minimal
values of h calculated by (16) for the two values of limit drift A = 1.5 cm (1/200) and A = 2.0cm (1/150) are shown
in the table 3.

Table 3
The minimal values of columns section height h
Normal The height of column 4 must be not less than (cm)
stress in
the acceptable drift is A=1.5cm acceptable drift is A=2.0cm
column
under the ight concrete heavy concrete light concrete heavy concrete
bermanen
oadings,| B20 B20 B25 BI15 B20 B25 B20 B20 B25 BI15 B20 B25
kef/em? D1800 D200 D200 D1800 D200 D200
5 25 23 22 21 20 18 20 19 18 17 16 15
10 35 33 31 30 28 26 28 26 25 24 22 21
15 43 40 38 37 34 32 34 32 31 29 27 26
20 49 46 44 42 39 37 40 37 35 34 31 30
25 55 51 49 47 44 41 44 41 39 38 35 33
30 60 56 54 52 48 45 47 45 43 42 38 36
35 65 61 59 56 52 49 52 49 46 45 42 40
40 69 65 63 60 55 52 56 52 51 48 44 42
45 74 69 66 63 59 55 59 56 53 51 47 44
50 79 73 70 67 62 58 63 58 56 54 50 47
55 82 76 73 70 65 61 66 61 59 56 52 49
60 85 80 77 73 68 64 69 64 62 59 54 52
70 92 86 83 79 73 69 74 69 67 64 56 56
80 98 92 87 85 78 74 79 74 70 68 60 60

As shown in table 3 the minimal height of the columns cross-section at A = 2cm in 1.24 times less than the
acceptable distortion A = 1.5cm. The comparison of the data of tables 2 and 3 shown the significant differences
between limit maximal axial stresses and minimal heights of columns sections for the limit drift calculated by
formula (15) and deformations by formula (12). The values of axial stresses s for the small and large height of
columns section change insignificantly when use the formula (12) and when use the formula (15) this change is
more rapidly. But in real limitation of column cross section height 50 < h < 70cm the using of both formula give
the same result.

4. Conclusion. The research shows the connections
between the coefficient of damaged, floors acceptable drifts, axial stresses and cross section height of reinforced
concrete columns. In the research it is shown:

1) for the ordinary dimensions of cross section of columns (from 40 cm to 80 cm) and at the coefficient of



damages k < 0.3 the values of axial stresses under the permanent loading can not be more than 25% from
characteristically strength of concrete;

2) the minimal height of column cross section at the acceptable drift A = 2.0cm in the 1.24 times less than at A
=1.5cm;

3) the minimal height of cross section of column from heavy concrete is in the 1.5 times less than light
concrete when the class of concrete is the same.

The main conclusion of research is that for the ordinary dimensions of columns cross sections the axial forces
must be limited and its values must be not more than 25% from characteristically strength of concrete.

Above were shown the analysis of simple system with one degree of freedom. As shown in [2,3,9] and many
other works, the maximal displacements in the elastic and elastic-plastic calculations of multi-storey buildings
also insignificantly different like it is for above mentioned single floor buildings. In this case it is only necessary
to increase the maximal displacement (8) on 20-25%. Therefore above-mentioned conclusions can be the same
for ground floors of multi-storey buildings.

The selective calculations by norms of the former USSR (k1=0.24, A=0.1-0.2g) of axial stresses under the

permanent loadings for existing in Armenia multi-storey frame buildings shown that they don't satisfy to above-
mentioned conditions. It is significantly decrease their real yielding and increase the possibility of brittle
destruction during the earthquakes with ground acceleration 0.3-0.4g, that foreseen by Armenian Codes.

Yerevan State University of Architecture and Construction
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Uljugkdhynu E. 6. vwghjui, M. Z. Skp-NEnpnuyub, 9. 9. Mnnnuywub

Ukjudhlj mqpbkgnipiniutbph dwdwbwy tpuppbnntt §nuunpnijghwtibpnid
ubnunn unpdwy jupnudubph dEdnmipiniuttph vwhdwbwhwlnidubtph dwuht

Zudwdwyt ubjudwjuynit ghttwpupnipjut tnpdtnph [4] Eppuowndh dudwtiwl Ypnn
Yntunpnijghwbpnid poyjunpynid tu npnowlh Juwudusputp: Znndusp whpus L wyy
Juwudwsputph dwjupnulh Jpu Gpupptnntut jupnygh ubthwljwt puohg wnwowgusd
ubnunn jupnudubph nhpht: 8nyg E wipdws, np huspwtt thnpp hukb wyn jupnudubpp, wyiput
Ukd swthtph Juwudwspubp Jupkih E poyjuwnpk: Unwugdws wpnniupubpp Jjuynud G, np
Zujuunnwih ubjudhl wuydwbtbkpnud ubthwlwb pwohg Epljuppbnnut yniukpnid wnwew-
gué tnpdwy jupnidubpp syhwnp k ghipuquugkt phnnuh tnpdunhyuwihtt wdpnipjut 25%-p:
Uoynud L, np twpujhinid 22 tnupuspnid junnigws tpluppbnntt pupdpwhwny okuptpp
skt pujuwpupnid wyju  wuydwbtbtphty, husp Ywpnn b phpkp tpuwbg pulplbhnipput
thnppugdwtp b thjunip pujpwydut hwjubwjuinipjut dkdwugdwn:

Axkanemuk J. E. Xaunsmn, I1. A. Tep-Ilerpocsin, B. B. Ilorocsin

O0 orpannyeHNAX BeJJMYHH HOPMAJIBbHBIX CKUMAKOIIUX HANIPSIKEHUH B
7KeJ1e300e TOHHBIXKOHCTPYKIUSAX NPH CeiicMUYeCKUX BO3AelCTBUAX

CornacHO HOpMaM CEHCMOCTOMKOTO CTPOUTENBCTBA [4] B HECYHNIMX KOHCTPYKLMSIX MPHU 3€MIIe-
TPSICCHUSIX JIOMYCKAIOTCSl OMNpEeNICHHbIe MOBpeXACHUs. B cTarbe paccMaTpuBaeTcss 3aBHCHUMOCTH
YPOBHS TaKUX HOBpe)K,Z[GHI/Iﬁ OT CXKHUMAKIIUX HaHpHH(eHHﬁ, BO3HHUKAOIOIUX B )KCJIGSOGGTOHHBIX KOHC-
TPYKOUAX TIO0O I[CI\/JICTBI/IGM coOCTBEHHOI'0 Beca. HOKaSaHO, 4TO 4YC€M MCHLUIC OTU HAIPAKCHHA, TCM
00JIbIlIe YPOBEHD JIOMYCTUMBIX MOBpexkAeHU. [lonyyeHHble pe3yIbTaThl CBUIETENBCTBYIOT O TOM, UTO
B CEMCMMUYECKHUX YCIOBUAX ApPMEHUH HOPMAIbHbIC HANPSHKEHUS, BOSHHUKAIOIIME B HKENE300€TOHHBIX
KOJIOHHAX TOJ JIeHiCTBHEM COOCTBEHHOT'O Beca, He JTOJIKHBI MPEBBIIIATh 25% HOPMATUBHOM MPOYHOCTH
6etona. OTMEUYEHO, YTO MOCTPOEHHBIE B MPOILIOM Ha TeppUTOpUU PA jkerne300€TOHHBIC 3/1aHMS HE
YAOBJIETBOPSIOT STHUM YCIOBUSIM, YTO MOXET MPUBECTH K HX MOJATIMBOCTH U BO3pPACTaHHIO
BEPOATHOCTH XPYIKOTO pa3pyIICHHUS.



