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INTRODUCTION 
The Spitak 1988 Earthquake has shown that the level of seismic resistance of the majority 
of buildings and structures in Armenia is considerably lower than the level of seismic risk 
and practically all its territory is located in the high seismic risk zone. 
Starting from 1989, large-scale works were carried out towards seismic risk reduction for 
the Northern region of Armenia, damaged due to the earthquake. The level of seismic risk 
for the region was assessed again, the inventory-taking of buildings and structures 
impacted from the Spitak earthquake was finished and the buildings and structures 
damaged were strengthened to the level of seismic resistance, in compliance with the 
requirements of Earthquake Resistant Construction Codes established in Armenia after 
the Spitak earthquake.  
Currently the seismic risk in Armenia has reached its peak which is due to the new cycle of 
seismic activity, the low seismic resistance of buildings and structures, the high level of 
urbanization, the lack of attention towards structures of higher importance (e.g. the nuclear 
power plant, dams, storage pools, healthcare centers), low level of public awareness, the 
social-economic state and etc.  
According to the historical data, there have been a number of destructive earthquakes in 
Armenia, like Dvin (1319, 1840), Garni (1679) and Tsakhkadzor (1827). 
During the 20th century, within the area of thirty thousand square kilometers of the 
Republic of Armenia four strong earthquakes occurred: one of them measured at 8 points 
(Zangezur, 1968), two  8-9 points and 9 points (Leninakan, 1926 and Zangezur, 1931) and 
one -10 points (Spitak - 10 points). The Spitak earthquake strength (7.0 magnitude and 10 
points) was not unprecedented in the area. The statistics regarding earthquakes show that 
the western and southern parts of the country are subjected to the influence of destructive 
earthquakes during different periods. Almost all capital cities, such as Shirak, Zangezur 
and Ararat plain were subjected to destructions caused by earthquakes.  
On December 7, 1988, the Spitak earthquake killed more than 25,000 people, about 
19,000 were injured, 514,000 became homeless. The earthquake destroyed 21 villages,  
58 towns and 58 villages, leaving 21,000 houses collapsed.  
On July 4, 1679, Garni destructive earthquake with a seismic intensity of 9-10 points 
destroyed Nork, Kanaker, Noragavit, Noragyugh, Dzoragyuz and many other settlements 
of Yerevan. The village of Garni was completely destroyed and 7,600 people died. 1,230 
individuals died in Kanaker. Because of the earthquake, a large number of churches and 
monasteries were destroyed, among them St. Sargis, St. Hovhannes and Zoravor in 
Yerevan.  
The Parakar seismogenic zone/layer includes 9 earthquakes, 7 of which took place in 
1937. The most intensive of them with a seismic intensity of 7 points took place on 
January 7, 1937 in the southwestern outskirts of Yerevan city. Because of the shakings, 
many structures got different degrees of damages and houses were destroyed. 
Since 1976 in the vast area of the Greater Caucasus and the Armenian Highland, the 
territory of Armenia being part of them, the seismic activity has been characterized by 
catastrophic earthquakes such as Chaldran (1976, M=7.3, Intensity-10, Turkey); Norman 
(1988, M=6.7, Intensity-8, Turkey); Spitak (1988, M=7.0, Intensity-10, Armenia); Rudbar 
(1990, M=7.7, Intensity-11, Iran); Rachin (1991, M=7.1, Intensity-9, Georgia); Erzijan 
(1992, M=6.8, Intensity-9, Turkey); Barisakho (1992, M=6.4, Intensity-8, Georgia); 
Ardebil (1997, M=6.9, Intensity-9, Iran); Izmit (1999, M=7.4, Intensity-10, Turkey); 32 km 
SE from Baku (2000, M=6.8, Intensity-9, Azerbaijan);  215 km SW from Tehran (2002, 



 
 

 
“De-risking and Scaling-up Investment in Energy Efficient Building Retrofits” UNDP-GCF Project 

Pаge 7 of 24 
 

M=6.5, Intensity-8-9, Iran); Van (2011, M=7.1, Intensity-10, Turkey); Ahar (2012, M=6.4, 
Intensity-8-9, Iran). 
From the above-mentioned data, it is clear that the seismicity of the region has changed 
in recent years. If in the past, a major earthquake occurred once in 50 years, since 1976 
the intervals have been as follows - 7, 5, 2 and 1 year and 1992 was marked with two 
events. Thus, it is evident that the increase of seismic activity in the region poses a 
serious threat to Armenia. This treat is particularly serious in terms of the high 
vulnerability of structures that are likely to be subjected to earthquakes stronger than 
those in the past. 
Before 1988, buildings and structures were mostly designed for ground acceleration of 0.1-
0.2g corresponding to seismic hazard level of 7-8 on the MSK-64 scale. According to 
MSK-64 scale for horizontal direction, the following values are accepted as equivalent 
acceleration (cm/sec2) values for seismic intensity of 7, 8 and 9 points: 

•  7 seismic intensity - (61÷120) cm/sec2(0.061÷0.120)g 
•  8 seismic intensity - (121÷240) cm/sec2(0.12÷0.24)g 
•  9 seismic intensity - (241÷480) cm/sec2(0.21÷0.480)g. 
 

It is evident that in case of a potential major earthquake (with a magnitude of M > 5.5) a 
large number of buildings or their separate components will be destructed which will result 
in a high death toll and huge real estate damage. 
This problem is at the focus of attention of the Government of the Republic of Armenia. In 
1999, two decisions were adopted aimed at implementing state projects on seismic risk 
reduction in the territory of Armenia and Yerevan city (the decisions No. 392 of 07.06.1999 
and No. 429 of 10.06.1999 of the RA Government) and in 2010 the decision 1760-N 
“About approving the program of measures aimed at seismic risk reduction stipulated by 
the concept of developing the seismic safety system of RA” was adopted. 
The issue of the improvement for the seismic resistance of buildings and structures stems 
from the Disaster Risk Reduction “Sendai Framework for Disaster Risk Reduction 2015-
2030 Action Plan” adopted at the UNICEF Third World Conference, which took place in 
Sendai, Japan on March 18, 2015. In addition, it is stated in the February 7, 2007 NH-37-N 
Decree and in the August 28, 2010 NK-140-N order of the President of the RA. 
“Improvement of the Seismic Resistance of the buildings and structures of RA” strategy 
has been approved by number 39, on 14 September 2017, protocol of the RA 
Government. The Strategy is in line with the RA Government’s projection (N646-Ա 
decision accepted by RA Government, 19 June 2017) and aimed at the safe exploitation of 
the buildings and structures with different significance levels, (which require increase of 
seismic resistance) Seismic Risk Reduction and prevention of possible consequences. 
The first stage of the strategy, for the period of 2018-2020, among a number of events, it is 
also planned to investigate technical conditions and passportize the buildings and 
structures.  
The UNDP-GCF project supports the Municipality of Yerevan (MoY) in implementing the 
“Yerevan Energy Efficiency (YEE) Project” aiming at sustainable Energy Efficiency 
Improvements in the city. 
This report has been prepared based on the agreement N RFP-005/18 of 
16.02.2018Signed between United Nations Development Programme (UNDP) and 
Regional Survey for Seismic Protection (RSSP) SNCO. 
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The purpose of the works is to assess technical condition and seismic vulnerability of 31 
kindergartens (that relate to EE in public buildings sector) and provide suggestions for the 
opportunity of future exploitation and the application of the necessary measures. The 
results of the surveys of the 31 kindergartens are presented with separate reports. 

 
1. SUMMARY RESULTS OF THE OBSERVATIONAL-INSTRUMENTAL WORKS 

During the observational-instrumental surveys, constructive solutions of the structural 
system, structural elements (reinforced concrete framing, inter floor covers and upper floor 
RC slabs, walls, staircases, partitions, etc.) were assessed and investigated for the 
purpose of evaluation of the technical conditions of the buildings. In order to study the 
quality of the construction of the hidden elements, some sections were opened in 
appropriate places and were assessed. structural elements, cracks, deformations, their 
nature and possible causes, the thickness and condition of the concrete protective layer of 
the reinforcements, displacements of the supporting parts of the elements, the presence of 
erosion of the reinforcements and steel elements, were carefully examined and with this 
regard qualitative and quantitative assessments have been conducted. The depreciation, 
nature and degree of the damage of the structural elements and components were 
determined. The actual views of the structural elements, as well as significant damages, 
cracks, deformations and flaws have been photographed, and they have been presented 
in the reports with corresponding comments. 
The quantitative assessments of the damages to different load bearing structural elements 
are presented below. 
 

Reinforced concrete elements: 
 

Moderate damages – slight moisture content of up to 20 per cent of the whole surface of 
the element, cracks with an opening width of up to 0.5mm in the concrete protective layer 
of the reinforcements, the concrete protective layer is hard to remove from the corners at a 
depth of up to 10 mm, in case of scratching the concrete surface with a chisel, a slight 
trace remains, there is a ringing sound from a hammer blow, there are cracks with an 
opening width of up to 0.5mm in the concrete zone, there is baring of reinforcements in 
sections and moderate local corrosion, loosening of connection of the concrete with the 
reinforcement, the bending of elements does not exceed the maximum allowed limit 
Considerable damages - considerable moisture content of up to 40 per cent of the whole 
surface of the element, cracks with an opening width of up to 1mm in the concrete 
protective layer of the reinforcements, the concrete protective layer is hard to remove from 
the corners at a depth of up to 20 mm, in case of scratching the concrete surface with a 
chisel, a deep trace does not remain, there is not a ringing sound from a hammer blow, 
there are cracks with an opening width of up to 1mm in the concrete zone, there is baring 
of reinforcements and considerable local corrosion, loosening of connection of the 
concrete with the reinforcement, the bending of elements is up to 2 times the maximum 
allowed limit.  
Strong damages - strong moisture content of  up to 60 per cent of the whole surface of 
the constructive element, cracks with an opening width of more than 1mm in the concrete 
protective layer of the reinforcements, the concrete protective layer is hard to remove from 
the corners at a depth of up to 30 mm, in case of scratching the concrete surface with a 
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chisel a deep trace remains, there is a dull sound from a hammer blow, there are cracks 
with an opening width of more than 1mm in the concrete zone, there is baring of 
reinforcements and strong corrosion, loosening of connection of the concrete with the 
reinforcement, the bending of elements is up to 4 times the maximum allowed limit.  

 
Walls built with small blocks, artificial and natural stones  

 
Moderate damages –Weathering of joints between separate stone blocks in up to 20 per 
cent of the wall surface with a depth of joints up to 10 mm, deviation from the vertical 
direction by up to 1/300 of the height of the building, vertical cracks with a width of up to 
0.5mm in the intersections of the longitudinal and transverse walls, disintegration of the 
protective layer of the anti-seismic section by up to 20 per cent of the surface, small cracks 
with an opening width of up to 0.5mm in the joint knots of the anti-seismic section.  
Considerable damages - Weathering of joints between separate stone blocks in up to 40 
per cent of the wall surface with a depth of joints up to 20 mm, deviation from the vertical 
direction by up to 1/200 of the height of the building, erosion of the wall masonry in some 
spots, buckling of the deformed section by no more than 1/6 of the wall thickness, vertical 
cracks with a width of up to 5mm in the masonry joints, vertical cracks with a width of up to 
3mm in the intersections of the longitudinal and transverse walls, disintegration of the 
protective layer of the anti-seismic section by up to 40 per cent of the surface, small cracks 
with an opening width of up to 1mm in the joint knots of the anti-seismic section.  
Strong damages - Weathering of joints between separate stone blocks in up to 60 per 
cent of the wall surface with a depth of joints of more than 20 mm, deviation from the 
vertical direction by more than 1/200 of the height of the building, erosion of the wall 
masonry in some spots, buckling of the deformed section by more than 1/6 of the wall 
thickness, vertical cracks with a width of more than 5mm in the masonry joints, vertical 
cracks with a width of more than 3mm in the intersections of the longitudinal and 
transverse walls, disintegration of the protective layer of the anti-seismic section by up to 
60 per cent of the surface, disruption of the reinforcements of the anti-seismic section, 
cracks with an opening width of more than 1mm in the joint knots of the anti-seismic 
section. 
The strength measurement of existing concrete of the reinforced concrete frame of the 
buildings was performed in accordance with the requirements of the AST EN 12504-2-201 
“Testing concrete in structures - Part 2: Non-destructive testing -Determination of rebound 
number” standard. 

The following normatives and technical documents enforced in the sphere of urban 
development of RA have been referred to in the report: 

1.  “Earthquake Resistant Construction. Design Codes” RABC II-6.02-2006 
2.   “Methodological instructions for examining the technical state of residential, public   

and industrial buildings and structures” 08.12.2009, Yerevan 
3.   “Rehabilitation, Restoration and Reinforcement of Buildings and Structures. Main     

Provisions” RABC 20-06-2014 
4. Stone and reinforced masonry structures”  RABC IV-13.01-96 
5. AST EN 12504-2-201 “Testing concrete in structures - Part 2: Non-destructive 

testing -Determination of rebound number”  
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6. СТО НОСТРОЙ/НОП 2.7.143-2014 «Повышение сейсмостойкости 
существующих многоэтажных каркасных зданий» 

7. Альбом конструктивных решений по сейсмоусилению каменных зданий и 
сооружений- под общей редакцией Г. П. Тонких, 2010 г. 
 

According to the above-mentioned documents in regard to the technical state and level of 
seismic vulnerability of the buildings, the following assessments were conducted: 
According to Annex 1 of the order 282-N as of 08.12.2009 approved by the Minister of 
Urban development “Methodological instructions for examining the technical state of 
residential, public and industrial buildings and structures” the technical state of the 
buildings is:  
Good (first degree, depreciation percentage up to 20), i.e. “There are no damages or 
deformations, there are separate minor deficiencies which are possible to eliminate by a 
regular repair and do not affect the maintenance/operation of the structural elements. 
Intensive repairs can be done only in separate segments that have a high degree of 
depreciation”. 
Satisfactory (second degree, depreciation percentage in the range of 21-40), i.e. “The 
structural elements are generally suitable for maintenance/operation, but require some 
major repairs”. 
Unsatisfactory (third degree, depreciation percentage in the range of 41-60), i.e. “The 
maintenance/operation of structural elements is possible only after intensive repairs”. 
Hazardous (fourth degree, depreciation percentage in the range of 61-85), i.e. “The state 
of load bearing structural elements is hazardous, that of non-load bearing ones is 
dilapidated. The limited fulfillment of the functions of structural elements is possible only 
after undertaking protective measures or total replacement of the structural elements”. 
Ruined (fifth degree, depreciation percentage in the range of 86-100), i.e. “The load 
bearing structural elements are in a deteriorated, partly or completely collapsed state”. 
The repairs/restoration works for strengthening of the structural elements of buildings and 
structures is carried out based on what the damage category is, according to the Table 24 
of the RABC II-6.02-2006. 

According to this table, the degree of damage extent is assessed from 0 to 5. 
Damage category is 0-No damage,  
Damage category is 1 – Light damage of non-load bearing elements, 
Damage category is 2 – Moderate damage of structures, 
Damage category is 3 - Significant damage of structures, 
Damage category is 4 - Severe damage of structures, 
Damage category is 5 – Collapse. 
 

According to order 957-A as of 23.10.2014 approved by the Minister of Emergency 
Situations “Methodological instructions for estimating the level (degree) of seismic 
vulnerability of buildings and structures” the following levels of vulnerability are defined: 
High: i.e. in case of a potential earthquake with a seismic intensity value of up to 8 points 
on MSK-64 scale (with maximal expected ground acceleration amax=0.2g) major damages 
can occur in the structures of the building with the 4th damage degree according to Table 
24 of RABC II-6.02-2006 codes. 
Average: i.e. in case of a potential earthquake with a seismic intensity value of up to 8-9 
points on MSK-64 scale (with maximal expected ground acceleration amax=0.3g) 
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considerable damages can occur in the structures of the building with the 3rd damage 
degree according to Table 24 of RABC II-6.02-2006 codes. 
Low: i.e. in case of a potential earthquake with a seismic intensity value of 9 points and 
more on MSK-64 scale (with maximal expected ground acceleration amax=0.4g) moderate 
damages can occur in the structures of the building with the 2nd damage degree according 
to Table 24 of RABC II-6.02-2006 codes. 
Table 1 (pages 24-27) presents the year of build, storeys, the numbers of blocks, structural 
solution, depreciation percentage, technical condition and seismic vulnerability 
assessment level, level of reconstruction.     
The table below presents the appearances of the buildings, the structural solutions, main 
defects, assessments of the technical state and level of seismic vulnerability and 
recommendations on their future safe exploitation. 
 

8. SELECTION OF THE BEST METHOD OF STRENGTHENING 
 

For the purpose of selecting the best methods for strengthening, the kindergarten buildings 
were divided into three separate groups: buildings with load bearing walls made of stone 
masonry, frame buildings (series IIS-04) and frame buildings constructed with the method 
of raising floors. 
 

2.1. Buildings with load bearing walls, made of stone masonry 
 

The buildings with load bearing walls, made of stone masonry are in their turn divided into 
five separate types based on their volumetric-design solutions, number of storeys, 
indicators of non-compliance with valid building codes. 

 
TYPE 1 /kindergartens N156, 138/ 

 
This type includes kindergartens built before 1960s, with comparably small marginal axial 
size (surface), which have 2 separate two-storey buildings and 1 single-storey building. 
The single-storey building serves as a management unit and canteen. Since the 
management units are single-storey buildings of small size, there is no need to increase 
their seismic resistance, except when there are significant damages of the bearing 
structural elements of the building. The enhancement of seismic resistance of the two-
storey buildings of this type can be achieved by ensuring the joint connection of the 
bearing and connecting walls and for that reason it is recommended that some sections of 
the walls should be strengthened through the use of RC jacket. Besides, the corners of the 
building should be strengthened with a two-layer cover, on the cross-sections of 
longitudinal and transverse walls – with a single-layer jacket.  
Since for two-storey stone buildings the drift of the first floor is minimal, the joint 
connection of the cover slabs should be ensured mainly in the upper level by making a 
local RC cover layer.   
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TYPE 2 /kindergartens N74, 75/ 
 

Type two buildings include single-storey kindergartens with average marginal axes size  
(13,5×26,90m). 
Since the distance between the transverse walls of these buildings exceeds twice the 
number of the codes’ requirements, it is recommended to make a new RC frame for their 
strengthening purposes. The frame columns should have a section of at least 30x30cm 
and made with a minimum strength quality of B15 concrete class. Besides, it is necessary 
to anchor the RC cover columns to the existing walls on a reliable manner. For this 
purpose, it is recommended that in the attachment area of the new frame and the existing 
wall, the latter should be reinforced with at least 1.0m-wide RC jacket. Since for single-
storey stone buildings the drift of the floor is minimal, there is no need to add an RC layer 
for cover slabs.   

 
TYPE 3 

  /kindergartens N 33, 36,47, 98, 100, 101, 103, 108, 109, 110, 112, 157/ 
 

This type includes kindergartens built in 1970s with typical designs. According to design 
solutions, the walls for these types of buildings are of complex masonry; and in their case 
the transverse walls placed with a span of 4.5m and 6.0m are load bearing. In the section 
of the corridors, the transverse walls are replaced with RC frame. For this type of 
buildings, the main non-compliance issue with the valid codes is the axial distance 
between the two external longitudinal walls which exceeds 7.20m.  
Taking into account also the fact that the RC cores in the wall masonry do not provide the 
necessary strength and do not ensure the joint connection with the stone masonry, for 
enhancing seismic resistance it is recommended: 

• to strengthen the corners of the building with a two-layer RC jacket; 
• to make a single-layer RC jacket in the cross-sections of longitudinal and                            

transverse walls of the building; 
• since the opening width of the longitudinal windows of the buildings is 540cm and 

that of the piers between them – 60cm, it is necessary to strengthen the piers with 
reinforced stone masonry; 

• to fill the gap between the middle longitudinal wall by making a RC frame; 
• to make an RC cover with a 1.0m-wide layer in the direction of the load bearing 

walls in order to increase the horizontal rigidity of the upper cover slabs of the 
building and to ensure their joint function. Based on the specificity of work carried 
out on the roof, the cover can be built at a distance of about 1.0m from the 
longitudinal walls.  

 
 

TYPE 4 / kindergarten N129/ 
 

This type includes kindergartens built with individual designs in 1950s. According to design 
solutions, the building has a rectangular layout of marginal axes size of 13.0x32.0m, is a 
two-storey facility and has a basement. The height of the first and second storeys (floor to 
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floor) is 3.6m, and that of the basement floor is 3.0m. The inter-floor covers and upper 
cover are made of RC slabs.  
For this type of buildings the main non-compliance with the valid codes is the structural 
solutions of the stone masonry of walls which do not comply with the solutions required by 
Table 12 of the codes and the factual axial distances between the transverse walls, 
exceeding the maximal permissible values required by Table 13 of the codes.  
Taking into account the above mentioned, for enhancing seismic resistance of the building 
it is recommended: 

• to strengthen the corner parts of the walls and the cross-sections of longitudinal and 
transverse walls of the building with a single-layer RC jacket; 

• to make an additional RC frame in the transverse direction in order to decrease the 
axial distance (span) between the transverse walls. 

 
TYPE 5 /kindergarten N23/ 

 
This type includes kindergartens built in 1970s with typical designs. According to design 
solutions, the walls of these buildings are of complex masonry; and the longitudinal walls 
placed with a 6.0m span are load bearing. For this type of buildings, the main non-
compliance with the valid codes is the axial distance between the two external transverse 
walls, which exceeds 9.0m, and furthermore the internal wall of the staircase along the 
whole width of the building is not through.  
Taking into account the above mentioned and the fact that the RC cores in the wall 
masonry do not provide the necessary strength and do not ensure the joint function with 
the stone masonry. For enhancing seismic resistance it is recommended: 

• to strengthen the corners of the building with a two-layer RC jacket; 
• to make an additional RC frame in the transverse direction in order to decrease the 

axial distance between the transverse walls. Besides, since the internal wall of the 
staircase along the whole width of the building is not through, it should be casted with 
RC frame;  

• since the building is three-storey, it is necessary to attach the adjacent slabs to one 
another with RC filling with a marginal size of 30.0x30.0cm in order to ensure the 
joint function of the inter-floor cover slabs (in the first and second storeys); 

• to make an RC cover with a 1.0m-wide layer in the direction of the load bearing walls 
in order to increase the horizontal rigidity of the upper cover slabs and to ensure their 
joint function. Based on the specificity of work carried out on the roof, the cover can 
be built at a distance of about 1.0m from the longitudinal walls;  

• to make an anti-seismic joint between the 6.0cm-thick partitions and cover slabs. In 
order to ensure the stability of the partitions outside the plane, the partitions should 
be attached with roof slabs. 

 
2.2 Frame buildings (IIS-04) 

The kindergartens built in 1970s were mainly constructed with built-in RC structures with a 
typical design. The composition of the kindergartens consists of several buildings that are 
annexed to each other with corridors. The corridors also have staircases. The buildings 
are separated from each other by anti-seismic joints. The main buildings, as well as the 
corridors are two-storey and generally have a basement floor.  
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The frames of the transverse direction of buildings are load bearing and they are 
connected to each other in the longitudinal direction through connection of cover slabs. 
The load bearing frames in the buildings are two-span with spans of 6.0m, and in the 
corridors they are single-span, with a span of 3.0-3.6m. The axial distances between the 
bearing frames in the longitudinal direction are 6.0m. 
Based on their volumetric-design solutions, the buildings can be conditionally divided into 
the following buildings: 
 Building 1 – corridors with the size of 3.0x24.0m, 
 Building 2 – buildings with marginal axes size of 12.0x12.0m, 

Building 3 – buildings with a Г–shaped layout, with marginal axes size of 9.0m and                     
18.0m, 
Building 4 – buildings with a rectangular layout, with a width of 12.0m and a length 
of up to 30.0m, 
Building 5 – buildings with a rectangular layout, with a width of 6.0-12.0m and a 
length of up to 45.0m. 

Taking into account the volumetric-design solutions of the buildings and the number of 
storeys, for enhancing seismic resistance it is recommended: 

-  there is no need for seismic resistance enhancement of the corridors; 
-  to make metal connections (bracing) between the transverse frames in the 

longitudinal direction of all the buildings, starting from the first floor, as shown in the figure 
(see fig. 2.2.1). The connections should be placed in the marginal sections and middle 
section. For example, in a building with a length of 24.0m having a span of 6.0m, it is 
necessary to make 3 connections in one direction (a total of 6 connections in one storey);  

- it is necessary to attach the adjacent slabs to one another with RC filling with a 
marginal size of 30.0x30.0cm in all the buildings in order to ensure the joint function of the 
inter-floor cover slabs (see fig. 2.2.2). The number of fillings should be substantiated with 
calculations and they should be placed along the length of the slabs in at least three areas 
(in the mid-span and near the supports); 

-  based on the fact that for ensuring the energy efficiency of kindergarten buildings, 
roof repair is also planned, it is recommended to make a RC slab in order to increase the 
horizontal rigidity of the upper cover slabs of the building and to ensure their joint function 
(see fig. 2.2.3); 

- to strengthen the junction of “column-beam” in buildings (2 and 3) with comparably 
small marginal axes size (see fig. 2.2.4); 

- to make at least two RC shear walls in the transverse direction of buildings (4) 
having average marginal sizes. Besides, the columns between which shear walls are 
placed, should be strengthened with metal belts (see fig. 2.2.5);  

- to make at least three RC shear walls in the transverse direction of buildings (5) 
where the length and width ratio is several times higher than the value defined by the 
codes; 

-  to make an anti-seismic joint between the 6.0cm-thick partitions and cover slabs. In 
order to ensure the stability of the partitions outside the plane, the partitions should be 
attached with roof slabs. 
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Fig. 2.2.1 Metal connections (bracings) between the transverse frames 
 

 

Fig. 2.2.2 RC fillings 
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Fig. 2.2.3 RC local cover 
 

 

 
Fig. 2.2.4 The “column-beam” junction strengthening 
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Fig. 2.2.5 RC shear wall 

 
 

2.3 Frame buildings constructed with the method of raising floors 
 

Two of the studied kindergartens - N48 and N49 - were constructed with a design 
developed with the method of raising floors. The structural solutions of this type of 
kindergartens is frame, where the frame is made with built-in reinforced concrete (RC) 
components and in the corridors with cast in place RC. 
The columns in the buildings are placed in a round shape and the axial distances between 
them are between 4.6-8.0m.  
In order to enhance the seismic resistance of those buildings it is recommended: 

• to place at least 2 RC shear walls for each section separated by a seismic joint in 
each transverse and longitudinal direction; 

• to make an anti-seismic joint between the 6.0cm-thick partitions and cover slabs. In 
order to ensure the stability of the partitions outside the plane, the partitions should 
be attached with cover slabs. 

 
3. Cost estimates 

 
According to the TOR attached to the contract, it cost estimates were developed and 
breakdown for the implementation of the strengthening works for every kindergarten is 
presented. 
The selection of the best method of “Improving seismic capacity” is based on the principle 
of Cost-effectiveness, and for this purpose a comparative analysis of different methods 
and the technical-economic substantiation of the choices have been carried out. 
Moreover, taking into consideration the specifications of the structural elements of the 
kindergarten and the number of storeys, the coefficient of the seismic capacity 
enhancement is taken as KSE=0.5. 
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Sketch designs for the selected best methods have been developed and they serve as the 
basis for determining the strengthening work volumes and cost estimates for every 
kindergarten. 
The cost estimates are developed according to the N 879 decision of the Government RA 
accepted on 23 June 2011, and the costs of the materials are based on the June 2017 
published Yearbook of the Ministry of Finance of RA, with market values of 2017. (5% 
added for other materials, 5.72% transport expenses, 2% storage costs)    
Material costs for the structural elements are taken from the 1984 norms. The basic 
workmanship salary and vehicle operation costs are estimated according to the 1984 costs 
and recalculated considering 2017 prices, based on the following exchange coefficient of 
the RUB to AMD:   

• For the salary – 1,979.83, 
• For the vehicle operation – 2,774.45: 
 

Exchange coefficient of the RUB to AMD is calculated based on the employees’ monthly 
204,173 AMD average salary.  
Below is the sum of the cost estimates for the implementation of the strengthening works 
for 30 kindergarten. It should also be mentioned that no cost estimate has been prepared 
for kindergarten N24 because it is more feasible to change the operational purpose of that 
building and/or build a new kindergarten instead. 
 

# of the kindergarten  Strengthening cost estimate 
 /million AMD/ 

22 21.1 
56 27.9 
81 17.1 
83 27.1 
102 14.3 

161 28.1 
71 26.7 
78 27.9 

93 27.9 

118 27.9 

48 34.3 

49 34.3 

138 7.8 

156 7.8 

74 5.0 

75 5.0 

33 32.3 

36 32.3 
47 32.3 
98 32.3 
100 32.3 
101 32.3 
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103 32.3 
108 32.3 
109 32.3 
110 32.3 
112 32.3 
157 32.3 

129 10.0 

23 19.1 
TOTAL for the 30 

kindergartens 
760.0 
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CONCLUSION 
 

1. The issue of the improvement of the seismic resistance of buildings and structures 
stems from the Disaster Risk Reduction “Sendai Framework for Disaster Risk Reduction 
2015-2030 Action Plan” adopted at the UNICEF Third World Conference, which took place 
in Sendai, Japan on March 18, 2015. In addition, it is stated in the February 7, 2007 NH-
37-N Decree and in the August 28, 2010 NK-140-N order of the President of the RA. 

2. The UNDP-GCF project supports the Municipality of Yerevan (MoY) in 
implementing the “Yerevan Energy Efficiency (YEE) Project” aiming at sustainable Energy 
Efficiency (EE) Improvement in the city. Within the framework of this program it is planned 
to assess the technical condition and seismic vulnerability of the 31 kindergartens (that 
relate to EE in public buildings sector). This will later serve as the basis for designing 
specific EE measures. 

3. For the purpose of assessment of the current technical state and seismic 
vulnerability of the kindergarten buildings, the structural solutions of the volumetric-design 
and structural system of each building and associated structures have been studied and 
assessed, and an observational-instrumental survey was carried out. The actual views of 
the structural elements, as well as significant damages, cracks, deformations and flaws 
have been photographed, and they have been presented in the reports with corresponding 
comments. 

4. For the purpose of selecting the best methods of strengthening, the kindergarten 
buildings are divided into three separate groups: buildings with load bearing walls of stone 
block masonry, frame buildings (series IIS-04) and frame buildings constructed with the 
method of raising floors. 

5. The selection of the best method of “Improved seismic capacity” was based on the 
principle of Cost Optimality, and for this purpose a comparative analysis of different 
methods and the technical-economic substantiation of the choices were carried out. 
Moreover, taking into consideration the specifications of the structural elements of the 
kindergarten and the number of storeys, the coefficient of the seismic capacity 
enhancement was taken as KSE=0.5. 

Sketch designs for the selected best methods have been prepared and they serve as 
the basis for determining the strengthening work volumes and cost estimations for every 
kindergarten. 

6. The cost estimates are developed according to N879 decision of the Government 
of RA dated on June 23, 2011, and the costs of the materials have been determined 
according to the June, 2017 published Yearbook of the Ministry of Finance of RA, with 
market values of 2017. (Plus other materials - 5%, transport expenses - 5.72%, storage 
costs - 2%). 

7. The cost estimates for the purpose of strengthening 30 kindergartens has 
comprised about 76.0 million AMD. It should also be mentioned that no cost estimate has 
been developed for kindergarten N24 because it is more feasible to change the 
operational purpose of the building and build a new kindergarten instead. 
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Table 1 

LOT N
o N Address The date of 

construction 

Numbe
r of 

buildin
g 

blocks 

Number 
of floors Type 

Percentage 
of the 

physical 
depreciatio

n 

Current Technical  
state 

Level  
of seismic 

vulnerability 

Level of 
reconstruction 

1 2 3 4 5 6 7 8 9 10 11 12 

LO
T 

1 

1 98 Nor Nork 1 District, 
Safaryan 8  1960s 2 2 Stone 

 walls  40 Satisfactory 
(second degree) Average Improved 

 seismic capacity 

2 101 
Nor Nork 2 District, 

Totovents 3/5th 
Lane  

1967 2 2 Stone 
 walls  36 Satisfactory 

(second degree) Average Improved 
 seismic capacity 

3 102 

Nor Nork 2 District, 
Totovents 8  

/part of it was 
alienated/ 

1980s 7 2 “ИИС-04” 
series  40 Satisfactory 

(second degree) Average Improved 
 seismic capacity 

4 103 Nor Nork 2 District, 
Totovents 9  1970s 2 2 Stone 

 walls  33 Satisfactory 
(second degree) Average Improved 

 seismic capacity 

5 109 Nor Nork Bakunc. 
6  1974 2 2 

Stone 
 walls  

 
38 Satisfactory 

(second degree) Average Improved 
 seismic capacity 

6 110 Nor Nork District, 
”Mayak” 6  1970s 2 2 Stone 

 walls  38 Satisfactory 
(second degree) Average Improved 

 seismic capacity 

7 112 

Nor Nork 5 District, 
 Mar 9  

/part of it was 
alienated/ 

1970s 2 2 Stone 
 walls  38 Satisfactory 

(second degree) Average Improved 
 seismic capacity 

8 118 Nor Nork 8 District, 
Vilnyus 21  1985 7 2 “ИИС-04” 

series  40 Satisfactory 
(second degree) Average 

Improved 
 seismic capacity 
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1 2 3 4 5 6 7 8 9 10 11 12 

LO
T 

2 

1 47 
Ajapnyak, 

Bashinjaghyan 2nd 
Lane, 4  

1975 2 2 Stone 
 walls  37 Satisfactory  

(second degree) Average 
Improved 

 seismic capacity 

2 49 
Ajapnyak,16 

District, 
Melkumyan Str.  

1986 4 2 Lift slab 
method 40 Satisfactory 

 (second degree) Average 
Improved 

 seismic capacity 

3 78 
Malatia Sebastia, 
Babajanyan Str. 

139  
1980s 7 2 

“ИИС-04” 
series  

 
39 Satisfactory 

 (second degree) Average 
Improved 

 seismic capacity 

4 81 
Malatia Sebastia, 
Kurghinyan Str., 

 11/5 Lane  
1980s 3 2 “ИИС-04” 

series  32 Satisfactory 
 (second degree) Average 

Improved 
 seismic capacity 

5 83 
Malatia Sebastia, 

Andranik 97  
 

1980s 7 2 
“ИИС-04” 

series  
 

1-6 blocks 
37; pool 

block - 69 

1-6 blocks 
satisfactory  

(second degree) 
 pool block - 

hazardous (fourth 
degree) 

1-6 blocks-  
Average, 

pool block- 
High 

Improved 
 seismic capacity 

6 93 
Malatia Sebastia, 

 Raffi 69  
 

1980s 7 2 and 1 
“ИИС-04” 

series  
 

1st and 4th 
blocks- 

57;  
2nd, 3rd, 

5th, 6th, 7th 
blocks- 38 

1st and 4th blocks- 
usnsatisfactory 
 (third degree); 

 2nd, 3rd, 5th, 6th, 7th 
blocks- satisfactory  

(second degree) 

Average 

 
 
 

Improved 
 seismic capacity 

 
 
 
 
 

7 129 Shengavit, H. 
 Hovsepyan 17  1950s 1 2 Stone 

 walls  45 Satisfactory 
 (second degree) Average 

Improved 
 seismic capacity 
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8 138 Shengavit, Aragats 
101  1960s 3 2 and 1 Stone 

 walls  47 Satisfactory  
(second degree) 

2 story block- 
Average, 
 1 story 

block- Low 

Improved 
 seismic capacity 

1 2 3 4 5 6 7 8 9 10 11 12 

LO
T 

3 

1 22 Arabkir, 
Griboyedov 2/2  1980s 5 2 “ИИС-04” 

series  34 Satisfactory 
 (second degree) Average Improved 

 seismic capacity 

2 23 Arabkir, Vratsakan 
19  1975 3 3 Stone 

 walls  36 Satisfactory 
 (second degree) Average Improved 

 seismic capacity 

3 24 Arabkir, Qanaqer 
HPP  1930s 1 2 Stone 

 walls  46 Unsatisfactory 
 (third degree) High 

Change the 
meaning of 
exploitation 

4 33 Arabkir, 
Khachatryan 28/1  1971 2 2 Stone 

 walls  33 Satisfactory 
 (second degree) Average Improved 

 seismic capacity 

5 156 

Qanaqer-Zeytun, 
M. Avetisyan 2nd 

block  
 

1960s 3 2 և 1  Stone 
 walls  34 Satisfactory 

 (second degree) 

2 story block- 
Average, 
 1 story 

block- Low 

Improved 
 seismic capacity 

6 157 Qanaqer-Zeytun, 
Z. Qanaqertsi 14  1970s 2 2 Stone 

 walls  32 Satisfactory  
(second degree) Average Improved 

 seismic capacity 

7 161 Qanaqer-Zeytun Z. 
Qanaqertsi 145a  1970s 2 2 “ИИС-04” 

series  36 Satisfactory 
 (second degree) Average Improved 

 seismic capacity 

8 56 

Avan-Arinj, 1 
Micro-District, N 

1/4  
 

1980s 7 2 “ИИС-04” 
series  36 Satisfactory 

 (second degree) Average Improved 
 seismic capacity 
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1 2 3 4 5 6 7 8 9 10 11 12 

LO
T 

4 

1 48 Ajapnyak,16 
District, Norashen  1984 4 2 Lift slab 

method 

1st block 56  
2nd 3th, 4th 
blocks 39 

Satisfactory  
(second degree) Average Improved 

 seismic capacity 

2 71 Erebuni, Nor Aresh 
2,  b. 45  1980s 7 2 

“ИИС-04” 
series  

 

1-6 blocks 
39 

pool block 
57 

1-6 blocks 
satisfactory  

(second degree), 
pool block 

unsatisfactory 
 (third degree) 

Average  Improved 
 seismic capacity 

3 74 Erebuni, Jrashen 1  1960s 1 1 Stone 
 walls  34 Satisfactory  

(second degree)) Low Improved 
 seismic capacity 

4 75 Erebuni, Mushakan 
5  1960s 1 1 Stone 

 walls  37 Satisfactory  
(second degree)) Low Improved 

 seismic capacity 

5 100 Nor Nork 1 District, 
Nansen 22  1970s 2 2 Stone 

 walls  36 Satisfactory  
(second degree) Average Improved 

 seismic capacity 

6 108 
Nor Nork 2 District, 

Bakunts 1, 7th 
Lane  

1971 2 2 Stone 
 walls  39 Satisfactory  

(second degree) Average Improved 
 seismic capacity 

7 36 

Ajapnyak, 
Bashinjaghyan 2nd 

Lane, 14  
 

1970s 2 2 Stone 
 walls  38 Satisfactory  

(second degree) Average Improved 
 seismic capacity 
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