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1. Introduction. Usually for the non-elastic deformation using the yielding coefficient  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): 

As shown on the figure 1 it takes place 

Figure 1. To definition of coefficient of damages.

For the ideal elastic-plastic materials (structures) y = y and as result will have 

where is 

   Thus, the coefficient of damages k1 represents the relation of elastic-plastic response of system in the moment 
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of beginning of plastic deformation Rn max to conventional maximal response Ry max of this system in the 

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 k1 [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 

   The same results were received for the 10 storeys reinforced concrete frame building with masses m1 = m2 

= ...m10 = 52kgsec2/cm, storeys stiffness a1 = a2 = ...an = 110400kg/cm and k1 = 0.5, k = 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 k1) and limitation of displacements (elastic + elastic-plastic). 

The value of initial 
period of free 

oscillation, T, sec

Maximal displacement, cm

Elastic calculation
Non-elastic calculation

=1.43
k1=0.7

=2.0
k1=0.5

=3.33 
k1=0.3

0.35 2.41
0.4 2.97
0.45 3.97
0.5 4.27
0.55 3.01
0.6 5.53
0.7 6.05
0.8 4.57
1.0 3.86
1.2 2.96
1.5 8.04
2.0 14.3
2.5 17.2
3.0 18.5



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 II-2.02-94 [4]. 

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 

where is 

is horizontal acceleration of concentrated mass Q/g.
Because of between concentrated mass and its displacement there is relation [3]: 

for displacement of system by norm CCRA II-2.02-94 
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If will take into consideration the seismic zone 3 (A=0.4) and taking k0=0.8 for I-st category of soil for maximal 

displacements under the elastic oscillation will have 

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

Transfer (9) to (8) and assuming 

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

   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 is 
normal stress in the column, E - initial module of elasticity, h -column cross section height and l - 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 ßtress-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 

where are n = [N/(bh bk)], bk - characteristically strength of cylindrical concrete samples with age 28 days,

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 = 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: 

ymax(T) = 10.73T4/3. (8)
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On the base of (11) and (12) will have: 

From where 

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  may be take equal 3.5 (k1=0.285). 

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

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 

   The values of characteristically strength of concrete bk 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 173×103, 199×103 and 214×103 kgf/cm2 correspondingly. For the heavy 
concrete class B15, B20 and B25 the values of initial modules of elasticity were 235×103, 275×103 and 306×103

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 lim is 13 15% from bk and at h=60 80cm - 15 16% from bk. For the column from 

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

h=60 80cm - 18 21% from bk.

   The limitation of relative drifr of stories 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 

ymax < ylim

1.27 2/3h 4/3l2E 2/3 < 2×10 4
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Height of column 
cross section h, 

cm

Limit values of axial stress lim under the permanent loading for the different 
concretes, kgf/cm2

light concrete heavy concrete
B15

D2000
B20

D1800
B20

D2000
B25

D2000
B15 B20 B25

20 24.3 32.5 34.4 39.5 26.8 39.2 45.6
30 26.4 35.3 37.3 42.8 29.1 42.5 49.5
40 27.9 37.4 39.5 45.4 30.8 45.0 52.4
50 29.2 39.1 41.3 47.4 32.2 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 35.4 51.7 60.2



this limitation is 1/200 of the building height [4]. With accordance to experimental results what were received
by M. Melkumyan [6] for the -type reinforced concrete frame the limit drift  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 l = 300cm corresponded to  = l/150.
   On the base of (11), the drift limitation can be express by the following way 

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

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  = 1.5 cm (l/200) and  = 2.0cm (l/150) are shown 
in the table 3. 

                                                                                                                                                    Table 3 

The minimal values of columns section height h 

   As shown in table 3 the minimal height of the columns cross-section at = 2cm in 1.24 times less than the 
acceptable distortion  = 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

1.27 2/3h 4/3l2E 2/3 < . (15)

h > 1.196 1/2E 1/2 3/4l3/2. (16)

Normal 
stress in 

the 
column 

under the 
permanent
loading ,
kgf/cm2

The height of column h must be not less than (cm)

acceptable drift is =1.5cm acceptable drift is =2.0cm

ight concrete heavy concrete light concrete heavy concrete

B20 
D1800

B20 
D200

B25 
D200

B15 B20 B25 B20 
D1800

B20 
D200

B25 
D200

B15 B20 B25

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



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  = 2.0cm in the 1.24 times less than at 
= 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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Ակադեմիկոս Է. Ե. Խաչիյան, Պ. Հ. Տեր-Պետրոսյան, Վ. Վ. Պողոսյան 

Սեյսմիկ ազդեցությունների ժամանակ երկաթբետոնե կոնստրուկցիաներում  

սեղմող նորմալ լարումների մեծությունների սահմանափակումների մասին 
 

Համաձայն սեյսմակայուն շինարարության նորմերի [4] երկրաշարժի ժամանակ կրող 

կոնստրուկցիաներում թույլատրվում են որոշակի վնասվածքներ: Հոդվածը նվիրված է այդ 

վնասվածքների մակարդակի վրա երկաթբետոնե կառույցի սեփական քաշից առաջացած 

սեղմող լարումների դերին: Ցույց է տրված, որ ինչքան փոքր լինեն այդ լարումները, այնքան 

մեծ չափերի վնասվածքներ կարելի է թույլատրել: Ստացված արդյունքները վկայում են, որ 

Հայաստանի սեյսմիկ պայմաններում սեփական քաշից երկաթբետոնե սյուներում առաջա-

ցած նորմալ լարումները չպետք է գերազանցեն բետոնի նորմատիվային ամրության 25%-ը: 

Նշվում է, որ նախկինում ՀՀ տարածքում կառուցված երկաթբետոնե բարձրահարկ շենքերը 

չեն բավարարում այս պայմաններին, ինչը կարող է բերել նրանց ընկրկելիության 

փոքրացմանը և փխուր քայքայման հավանականության մեծացմանը: 

 
 
 

Академик Э. Е. Хачиян, П. А. Тер-Петросян, В. В. Погосян 

Об ограничениях величин нормальных сжимающих напряжений в  

железобетонныхконструкциях при сейсмических воздействиях 
 

Согласно нормам сейсмостойкого строительства [4] в несущих конструкциях при земле-
трясениях допускаются определенные повреждения. В статье рассматривается зависимость 
уровня таких повреждений от сжимающих напряжений, возникающих в железобетонных конс-
трукциях под действием собственного веса. Показано, что чем меньше эти напряжения, тем 
больше уровень допустимых повреждений. Полученные результаты свидетельствуют о том, что 
в сейсмических условиях Армении нормальные напряжения, возникающие в железобетонных 
колоннах под действием собственного веса, не должны превышать 25% нормативной прочности 
бетона. Отмечено, что построенные в прошлом на территории РА железобетонные здания не 
удовлетворяют этим условиям, что может привести к их податливости и возрастанию 
вероятности хрупкого разрушения. 


