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Abstract. A significant share of Ukraine's prefabricated reinforced concrete building stock,
constructed in the 1960s-1990s, is currently in service beyond its designed service life. The concrete
cover in such structures often does not exceed 15-20 mm, which, combined with rising CO:
concentrations in urban atmospheres and seasonal climatic effects, substantially accelerates concrete
carbonation and reinforcement corrosion, reducing structural load capacity and durability. This paper
develops and validates a methodology for assessing the compliance of reinforced concrete structures
with normative service life requirements for five representative Ukrainian cities: Chernihiv, Kyiv, Lviv,
Kharkiv and Dnipro. The methodology is based on analytical carbonation and corrosion models and
determines the critical time — the moment at which reinforcement degradation reaches a threshold level
beyond which structural load capacity falls below an acceptable limit. The results were compared with
the normative service life requirements of DBN V.1.2-14:2018 for residential and public buildings. It
was found that at a concrete cover of 20 mm, none of the studied regions meets the 100-year normative
service life for residential buildings: the critical time ranges from 52 to 76 years, i.e. 24-48 years short
of the normative requirement. For industrial buildings (60 years), the requirements are not met in Dnipro
and Kyiv. Sensitivity analysis showed that increasing the concrete cover to 30 mm allows Chernihiv and
Lviv to achieve the 100-year service life, while Dnipro, Kharkiv and Kyiv require additional protective
measures. The results confirm previous research conclusions on the need for rehabilitation of Ukraine's
reinforced concrete building stock and provide quantitative justification for regionally differentiated
requirements for concrete cover and concrete class in the design of new structures.

Keywords: reinforced concrete structures, durability, normative service life, carbonation,
reinforcement corrosion, concrete cover.

Introduction. The normative service life is a key criterion for assessing the compliance of
reinforced concrete structures with safety and serviceability requirements. According to DBN V.1.2-
14:2018 [1], the minimum normative service life for residential and public buildings is 100 years, and
for industrial and warehouse buildings 60 years. At the same time, a significant share of Ukraine's
prefabricated reinforced concrete building stock, constructed in the 1960s—-1990s, is already approaching
or exceeding these limits without undergoing systematic assessment of residual service life [2, 3].

The primary mechanisms of degradation of reinforced concrete structures under temperate-
continental climate conditions are concrete carbonation and subsequent corrosion of reinforcement bars.
Carbonation is a chemical reaction of CO: with calcium hydroxide in concrete pores, which reduces the
pH below 9, destroying the passive protective layer on the reinforcement surface [4, 5]. After
depassivation, electrochemical corrosion of the metal begins, leading to a reduction in reinforcement bar
diameter and, consequently, to a decrease in the load-bearing capacity of structural elements [6, 7].

Regional climatic conditions — such as relative humidity, temperature, CO2 concentration, and
the number of freeze-thaw cycles — largely determine the intensity of these processes. In Ukraine,
such a regional analysis linked to the DBN regulatory framework has practically not been conducted,
which defines the relevance of this study.
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Analysis of recent research and publications. Issues of durability and service life of
reinforced concrete structures have been at the centre of attention of domestic and international
researchers for several decades. The regression model of Y. Liu et al. [8], built on a dataset of 1834
experimental groups, enables the quantitative determination of the carbonation coefficient depending
on climatic parameters. The model accounts for relative humidity, temperature and CO: concentration
and is one of the most validated among its counterparts. These studies showed that the carbonation
coefficient may differ between regions by a factor of 1.3-1.5 depending on climatic conditions. Of
significant relevance to the topic is the work of V. Troian et al. [9], who conducted a regional analysis
of the condition of Ukraine's prefabricated reinforced concrete building stock with a view to
rehabilitation. The authors found that the service life of internal reinforced concrete structures can be
extended to 100 years, while external elements after 50 years of service may require repair or
replacement. This work confirms the urgency of the problem but does not provide quantitative
estimates of the critical degradation time for specific regions.

The basis for most modern approaches is the two-phase model studied by K. Tuutti, P.
P. Schiessl et al. [10, 11]. The first phase (initiation) ends when the carbonation front reaches the
level of the reinforcement. The second phase (corrosion propagation) continues until the limit state is
reached. A comprehensive review of analytical models for predicting the depth of the carbonation
front was performed by X. Wang et al. [4], who identified more than 20 calculation formulas used in
design practice across different countries.

M. Stefanoni et al. [12] systematized field measurements of corrosion current density for
conditions of carbonation-induced corrosion and established typical ranges for different climatic zones,
which allows selecting design parameter values without conducting independent field investigations.

The influence of freeze—thaw cycles on concrete permeability has been studied in detail by
J. Guo et al. [13], D. Lv et al. [14], S. Zhang et al. [15] and Q. Yang et al. [16]. The authors found
that at more than 40-50 cycles per year, microcracking substantially increases the carbonation
coefficient. This effect is particularly significant for Kharkiv and Kyiv, where the number of cycles
is the highest among the studied regions.

A probabilistic approach to corrosion risk and service life assessment of reinforced concrete
structures was developed by L. Fiorino, G. Della Corte, R. Landolfo [17], who demonstrated that the
deterministic estimate of tcr is a lower bound of the actual service life, and the scatter of parameters
may shift the critical time by +10-20 years. This is important when interpreting results for structures
whose tcr approaches the normative service life; such structures should be considered as requiring
priority attention.

Thus, despite the considerable volume of international and domestic research, the issue of
quantitative assessment of the compliance of reinforced concrete structures with the normative
service life requirements of DBN V.1.2-14:2018 in the context of regional climatic conditions of
Ukraine remains insufficiently studied.

The aim of the study is to develop a methodology for the quantitative assessment of the
compliance of reinforced concrete structures with the normative service life and to validate it for five
representative regions of Ukraine with a temperate-continental climate.

To achieve this aim, the following objectives were set: to determine the climatic parameters for
five regions and justify the values of the degradation model parameters; to calculate the critical time
— the moment of reaching the threshold level of reinforcement cross-section area loss of 20 % for
each region; to compare the results with the normative service lives of 60 and 100 years according to
DBN V.1.2-14:2018; to perform a sensitivity analysis of the results with respect to concrete cover
thickness; to formulate practical recommendations on structural protective measures for each region.

Materials and Methods. The object of study is reinforced concrete structures of mass-
construction buildings of the second half of the 20th century, made of concrete class C20/25 with
A400 reinforcement. Design parameters were adopted based on a synthesis of field survey data given
in [2, 3]: concrete cover thickness cnom= 20 mm (baseline), initial reinforcement bar diameter do = 16
mm. The sensitivity analysis was performed for crom= 20, 25 and 30 mm.

Climatic parameters for five regions (mean annual temperature, relative humidity, CO-
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concentration, number of freeze—thaw cycles) were determined from meteorological station data and
verified using at least two independent sources [18-26].

The choice of regions is justified by their representativeness of the main climatic zones of the
temperate-continental climate of Ukraine: Chernihiv — north, Kyiv — centre, Lviv — west, Kharkiv —
east, Dnipro — central east. Coastal cities (Odesa, Mariupol) were deliberately excluded from the
analysis, since the dominant degradation mechanism for them is chloride diffusion rather than
carbonation. The influence of climatic factors on durability and climatic parameters of the regions
are presented in Tables 1-2.

Table 1 — Influence of climatic factors on the durability of reinforced concrete structures

No. Climatic factor Degradation mechanism Effect on service life
1 Concrete carbonation pH reduction, destruction of Determines corrosion
(CO: + moisture) passive reinforcement initiation time
protection
2 Reinforcement Reduction of cross-sectional Determines critical time
corrosion (carbonation- | area, decrease in load-bearing
induced) capacity
3 Freeze—thaw cycles Increased concrete Increases carbonation
permeability, accelerated CO- coefficient
diffusion
4 Industrial and traffic Increased CO: and aggressive Accelerates carbonation in
pollution gas concentration in the near- urban environments
surface layer
5 | Relative humidity and Controls the rate of CO: Determines regional model
temperature diffusion and corrosion Kinetics parameter values

Source: compiled from [4, 5, 11, 12, 13-16].

Table 2 — Climatic parameters of the regions

Region (climatic zone) | T,°C | ¢, % oy clI:e s-;-y oar i;cr); C%ngste (;]:Ornr;
Chernihiv (North) 7.0 77 40 412 C20/25 20
Kyiv (Centre) 7.5 75 42 425 C20/25 20
Lviv (West) 7.0 78 38 415 C20/25 20
Kharkiv (East) 8.0 74 45 428 C20/25 20
Dnipro (Central East) 9.0 70 38 430 C20/25 20

Source: compiled from [18-26]. Humidity and temperature verified using > 2 independent
meteorological sources.

Research results. Degradation of reinforced concrete structures is predicted in two phases
according to the two-phase model of K. Tuutti [10]. Phase 1. Initiation. The depth of the carbonation
front increases according to the square-root-of-time law, which is a consequence of the diffusion
character of the process [8, 4]:

x.(t) = Kc - +/t, (1)

where Kc — regional carbonation coefficient, mm/Vyear, determined according to [8] as a
function of relative humidity ¢, temperature T and CO: concentration;

t—time in years. Corrosion initiates when xc(t) = cnom, Which corresponds to the critical initiation
time:

ti = (Cnom/ KC)Z- (2

Phase 2. Corrosion propagation. After the passive protective layer is destroyed, uniform

carbonation-induced corrosion begins, the rate of which is proportional to the corrosion current
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density [6, 12, 27]:

xcorr(t) = a - leopr (t - ti) nput > i, (3)
where a = 0.0116 mm/(year-puA/cm?) — coefficient obtained from Faraday's law [12];
icorr — measured value of corrosion current density, pA/cm?.
Reduction of geometric parameters of the reinforcement bar:
dT(t) = dO -2 xcorr(zt) (4)
WAA(L) = [1 - (=9 ] . 100 %. (5)
0

The central quantity in the methodology is the critical time ter — the moment when %AA reaches
the threshold level beyond which the load-bearing capacity of the structural element falls below the
acceptable threshold. Expressing the condition %644 = Acr analytically from equations (3)—(5), we obtain:

ter = 4 + @;(_)T‘::::)' (6)
where d, ., = do - V(1 — Acr /100) - residual diameter at threshold Aer.

The threshold level 4cr= 20 % was adopted based on an analysis of international research [6,
17, 28]: at this degree of damage, the reduction in load-bearing capacity of a reinforced concrete
element typically reaches 15-20 % of the initial value, which corresponds to the acceptable risk limit
for structures without strengthening. For a conservative assessment, tcr was additionally calculated at
Aer = 25 %.

The compliance assessment was performed by comparing ter with the normative service life
requirements of DBN V.1.2-14:2018 [1]:

— Thormat = 100 years — 100 years — for residential and public buildings;

— Tnormal = 60 years — for industrial and warehouse buildings.

A structure is considered non-compliant with the normative service life if ter < Tnormal.

The carbonation coefficient Kc was determined using the formula of Y. Liu et al. [8] based on
the climatic data of Table 2. Since the model [8] is built on field data and validated on a large dataset,
the obtained values K¢ = 3.6-4.6 mm/\year are consistent with typical values for temperate-
continental climate given in [4, 12, 29, 30]. The corrosion current density icorr Was adopted according
to [12] (Table 3, parameters of carbonation-induced corrosion at relative humidity of 70-78 %): for
regions with ¢ > 75 %, icorr= 1.5-1.7 nA/cm? was adopted; for regions with ¢ < 75 % and elevated
industrial activity — 1.8-2.2 pA/cm? These values correspond to "moderate” corrosion activity
according to the fib Bulletin 34 [11] classification for the climatic conditions of each region; values
are in the range of 1.5-2.2 pA/cm?, which corresponds to "moderate" corrosion activity according to
[11]. The degradation model parameters by region are presented in Table 3.

Table 3 — Degradation model parameters

. Ke, icorr, ti, Veorr, .
Region mm/\year WA om? years um/years Source Kec | Source icorr
Chernihiv 3.8 1.5 21.7 17.4 [8] [12]
Kyiv 4.4 2.0 20.7 23.2 [8] [12]
Lviv 3.6 1.7 30.9 19.7 [8] [12]
Kharkiv 4.2 1.8 22.7 20.9 [8] [12]
Dnipro 4.6 2.2 18.9 25.5 [8] [12]

Note. ti = (Cnom / Kc)? cnom = 20 mm; Veorr = o - icorr, o0 = 0.0116 mm/(year-ﬂA/cmZ) [12].

Table 3 shows a clear regional gradient: the highest carbonation coefficient is characteristic of
Dnipro, explained by lower relative humidity (70 %) and higher mean annual temperature (9 °C); the
lowest — for Lviv, due to elevated humidity (78 %) and moderate temperature. Accordingly, the
corrosion initiation time ti ranges from 18.9 years (Dnipro) to 30.9 years (Lviv), indicating a
substantial regional differentiation of degradation conditions. The carbonation front depth values by
region are presented in Table 4.
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Table 4 — Depth of the carbonation front Xc , mm

Region Xc(20 yr) Xc(30 yr) Xc(50 yr) Xc(60 yr) Xc(100 yr) ti, years
Chernihiv 17.0 20.8 26.9 29.4 38.0 27.7
Kyiv 19.7 24.1 31.1 34.1 44.0 20.7
Lviv 16.1 19.7 25.5 27.9 36.0 30.9
Kharkiv 18.8 23.0 29.7 32.5 42.0 22.7
Dnipro 20.6 25.2 32.5 35.6 46.0 18.9

From Table 4 it can be seen that after 100 years the carbonation front depth is 36-46 mm, i.e. 1.8—
2.3 times greater than cnom = 20 mm. This means that over 70-80 years (depending on the region) the
carbonation front advances beyond the reinforcement level and corrosion develops over a prolonged
period. The values of corrosion damage depth and cross-section area loss are presented in Table 5.

Table 5 — Corrosion damage depth Xcorr(ty and cross-section area 1oss %AA(t)

Region Xcorr(60 yr), MM Xcorr(100 yr), MM %AA(60 yr), % | %AA(100 yr), %
Chernihiv 0.5620 1.2580 13.6 29.0
Kyiv 0.9127 1.8407 21.5 40.7
Lviv 0.5746 1.3634 13.8 31.2
Kharkiv 0.7793 1.6145 18.5 36.3
Dnipro 1.0488 2.0696 24.5 45.0

Analysis of Table 5 shows that after 60 years the critical threshold %AA = 20 % is exceeded in
Dnipro and Kyiv. After 100 years this threshold is exceeded in all five regions — from 31.2 % in Lviv
t0 45.0 % in Dnipro. It should be noted that the value of 45.0 % for Dnipro represents approximately
twice the critical threshold, indicating a critical level of degradation well before the end of the
normative service life. The dynamics of cross-section area loss is shown in Fig. 1.

50.0
L 450

Loss of cross-sectional area %AA(t), %
[ ] 2
= N
= o

80 100 120
Time t, years

—e—Chernihiv —e—Kyiv Lviv —e—Kharkiv Dnipro Critical threshold 20 %

Fig. 1. Percentage loss of reinforcement cross-section area for regions of Ukraine
(horizontal line — critical threshold of 20 %)
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Based on formulas (2) and (6), the critical time ter20 %) and ter(25 %) were calculated for each
region and compared with the normative service life requirements of DBN V.1.2-14:2018 [1]. The
results are presented in Table 6.

Table 6 — Critical time ter and compliance with the normative service life
per DBN V.1.2-14:2018

Region ti, ter(20 %), ter(2s %), Industrial Residential (?&f ';'rt)
years years years (60 yr) (100 yr) ’
years
Chernihiv 217.7 76.2 89.3 v X +24
Kyiv 20.7 57.1 66.9 X X +43
Lviv 30.9 73.7 85.2 V4 X +26
Kharkiv 22.7 63.1 74.0 v X +37
Dnipro 18.9 52.0 60.9 X X +48

Note. v/— complies with the normative service life; X'— does not comply.

The results of Table 6 indicate that at a concrete cover thickness cnom = 20 mm, none of the five
studied regions meets the 100-year normative service life for residential and public buildings. The
service life deficit — from 24 years (Chernihiv) to 48 years (Dnipro) — is statistically significant for
all regions.

For industrial buildings (60 years), non-compliance is observed in two regions: Dnipro (ter =
52.0 yr, deficit 8 yr) and Kyiv (ter = 57.1 yr, deficit 3 yr). Kharkiv formally meets the 60-year
threshold, but with a margin of only 3 years. Since the deterministic model provides an optimistic
estimate of ter (the actual scatter of parameters may reduce tcr by 10-15 years [17]), an elevated level
of reinforcement protection is recommended even for Kharkiv.

This conclusion is consistent with the findings of V. Troian et al. [9], who established the need
for repair of external reinforced concrete structures after 50 years, and with the general trend noted
in international studies [6, 17, 31] indicating that a 100-year service life without additional protective
measures is unrealistic for most climatic zones under typical mass-construction parameters of the
second half of the 20th century.

The concrete cover thickness cnom IS the most effective structural parameter controlling service life,
regulated by DBN V.2.6-98:2009 [32]. Since tcr depends on cnom through the quadratic formula (2) in
the initiation phase and the linear formula (6) in the corrosion propagation phase, increasing Cnom
produces a disproportionately large effect for regions with low vcorr and a smaller effect for regions
with intensive corrosion (Table 7).

Table 7 — Critical time tcr(20 %) depending on Cnom, years

. Cnom = 20 mm Cnom = 30 mm.
Region (baseline) Cnom = 25 mm Cnom = 30 mm compllz_ance _
100 yr (residential)
Chernihiv 76.2 91.8 110.9 v
Kyiv 57.1 68.7 82.9 X
Lviv 73.7 91.1 112.3 v
Kharkiv 63.1 75.9 915 X
Dnipro 52.0 62.6 75.6 X

Note. Criterion — 100 years for residential buildings (DBN V.1.2-14:2018).

Increasing cnom from 20 to 30 mm provides an increase in ter of 35-39 years depending on the
region. For Chernihiv and Lviv, cnom = 30 mm ensures compliance with the 100-year normative
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requirement. For Dnipro, Kharkiv and Kyiv, even cnom = 30 mm is insufficient.

It is important to note that the actual effectiveness of increasing cnom depends on construction
quality control. Studies [2, 3] show that the actual deviation of crom from the design value in mass
construction conditions may reach +5 mm. A reduction of Chom by 5 mm reduces tcr by 13-18 years,
which demonstrates the critical importance of controlling concrete cover thickness during the
manufacture and installation of structural elements.

Based on the results of the analysis and comparison with the regulatory requirements of DBN
V.1.2-14:2018, the following practical recommendations are formulated.

1. For Dnipro and Kyiv in the design of industrial buildings (Tnormar = 60 yr), the minimum
concrete cover shall be chom > 25 mm with concrete class C20/25, or Chom = 20 mm with an increase
in concrete class to C25/30 and above with a reduced water-cement ratio. For residential buildings
(Trnormat = 100 yr), a combined solution is required: cnom > 30 mm in combination with concrete of at
least class C30/35 or the use of carbonation-retarding admixtures.

2. For Kharkiv at Tnormai = 60 yr, Cnom > 25 mm is sufficient; however, given the elevated number
of F-T cycles (45/year), it is additionally recommended to use concrete with air-entraining admixtures
to improve frost resistance. At Tnormal = 100 yr — Cnom > 30 mm + concrete C25/30 or higher.

3. For Chernihiv and Lviv, chom = 30 mm ensures a 100-year service life for residential
buildings. crom = 25 mm is sufficient for industrial buildings (margin exceeding 10-14 years).

4. For all regions, strict production control of actual concrete cover thickness during the
manufacture of precast elements and in-situ concreting is the most effective and economical
protective measure. A reduction of cnom by even 5 mm reduces the service life by 13-18 years.

5. For existing buildings of the 1960s—-1990s, instrumental monitoring of carbonation depth is
recommended starting from the age of 2025 years for structures in Dnipro and Kyiv, and from 25—
30 years — in other regions.

The proposed methodology is deterministic and provides a point estimate of ter. The actual
scatter of parameters Kc and icorr results in variability of the critical time. A probabilistic assessment,
for example by the Monte Carlo method, will allow determining the time horizon at which, for
example, 10 or 20 % of structures exceed the %AA threshold — which is a more conservative and
scientifically justified criterion for practical decision-making [17].

Additional limitations are associated with the fact that the model does not account for: cracking
of the concrete cover due to the volumetric expansion of corrosion products; reduction of bond
between reinforcement and concrete under prolonged corrosion; local increase in corrosion intensity
in crack zones [33]; protective measures (hydrophobisation, impregnation, anti-corrosion coatings).
The first three factors are conservative and indicate that the actual ter may be lower than calculated;
the presence of protective coatings, on the contrary, can substantially extend the service life.

Conclusions. A methodology for the quantitative assessment of the compliance of reinforced
concrete structures with the normative service life has been developed. It is based on an analytical
model of carbonation and corrosion and includes the calculation of the critical time tcr — the moment
of reaching the threshold level of reinforcement damage — with subsequent comparison against the
requirements of DBN V.1.2-14:2018. The methodology has been validated for five representative
regions of Ukraine.

It has been established that at a typical concrete cover thickness cnom = 20 mm, none of the
studied regions meets the 100-year normative service life for residential and public buildings. The
critical time ranges from 52.0 yr (Dnipro) to 76.2 yr (Chernihiv) — 24-48 years less than the normative
requirement. For industrial buildings (60 yr), non-compliance is observed in Dnipro and Kyiv. These
conclusions are consistent with the findings of V. Troian et al. [9], who established the need for repair
of external reinforced concrete structures after 50 years, and complement them with quantitative
regional estimates.

Sensitivity analysis showed that increasing cnom to 30 mm ensures a 100-year service life only
for Chernihiv and Lviv. For Dnipro, Kharkiv and Kyiv, a combination of increased concrete cover
and higher concrete class or special admixtures is required.

The obtained results justify the need for regionally differentiated requirements for structural
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reinforcement protection in the design of buildings under the climatic conditions of Ukraine.
Directions for further research include: probabilistic assessment of tcr by the Monte Carlo method
accounting for parameter scatter; development of a similar methodology for coastal regions based on
the chloride diffusion model; consideration of possible changes in climatic parameters for future
periods.
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YXapriscoxuii nayionansnuii ynisepcumem micvkozo 2ocnodapcemea imeni O.M. Bexemosa
ByJ1. YopHorna3ziBebka, 17, M. Xapki, 61002, Ykpaina

AHoTanifa. 3HayHa dYacThHa OyaiBenbHOTO (oHAy VYKpaiHu 31 30ipHOro 3a1i300€TOHY,
3BesieHoro y 1960-1990-x pokax, Hapasi eKCIUIyaTyeTbCsl IOHAJ| NMPOEKTHUH cTpok. ToBmmHa
3aXHMCHOTO MIapy apMaTypHu Y KOHCTPYKIISAX I[bOTO (OHIY HEPIAKO CTAHOBUTH JuIie 15-20 mwm, 1m0 B
MO€JIHAHHI 13 3pOCTAl0Y0I0 KOHLEHTPALIE€I0 BYIJIEKHCIOrO ray B arMocdepi MICT Ta CE30HHUMHU
KJIIMaTUYHUMH BIUIMBaMU CYTTEBO IPUCKOPIOE KapOOHi3alil0 OETOHYy Ta KOpO3il0 apMmarypu,
3HWKYIOUM HECy4y 3JaTHICTh 1 JOBFOBIUHICTh KOHCTPYKIIH. Y CTaTTi po3po6iieHO Ta anpoboBaHO
METOJIMKY OLIIHKH BIAMOBITHOCTI 3aJ11300€ TOHHUX KOHCTPYKIIIM HOPMAaTHBHOMY CTPOKY CIIyKOU is
I'ITH perpe3eHTaTUBHUX MicT Ykpainu: Yepnirosa, Kuesa, JIbBoBa, XapkoBa ta [{ninpa. Meroauka
IPYHTY€ETbCS Ha aHAJTITHYHUX MOJEISAX KapOoHi3alii Ta KOpo3ii 1 J03BOJII€ BUBHAYUTH KPUTUUHHM
4ac — MOMEHT JIOCSTHEHHS TPAaHUYHOT'O PiBHS YpaKeHHS apMaTypH, MICIis sIKOTO Hecyua 3/1aTHICTh
KOHCTPYKII 3HMXKYETbCA HUXU€ MPUHHATHOro piBHA. OTpuMaHi pe3yibTaTd MOPIBHIOBAIUCH 3
HOpPMaTUBHUMHU cTpoKkamu ciyx0u 3a JIbH B.1.2-14:2018 15t %KMTIOBUX Ta TPOMAJICHKUX Oy 11BEMb.
BceranoBieHo, 1m0 mpu TOBHIMHI 3aXMCHOTO miapy 20 MM KOJEH 3 JOCIII)KyBaHUX PETiOHIB HE
Bignosigae 100-piyHOMY HOPMATHBHOMY CTPOKY CITY>KOH JJIsl )KUTJIOBUX OyJliBEJIb: KPUTUYHUHN Yac
KOJIMBA€EThCs BiA 52 10 76 pokiB, TOOTO Ha 24-48 poKiB MEHIIIE Bl HOpMaTUBHOTO. /{715t poMHCIIOBUX
Oyaisens (60 pokiB) BUMOTH He BUKOHYIOThCS y J{Hinpi Ta KueBi. AHaii3 4yTIUBOCTI MOKa3aB, 1110
301bIIeHHS 3aXucHOTO mapy 710 30 MM no3Bossie UepHirosy i1 JIbBoBy mocsrtu 100-pidHOTO CTpOKY
cyx06u, onnak juis Juinpa, Xapkosa i KueBa 1boro He0CTaTHRO 1 HEOOXIIHI TOATKOBI 3aX01
3axucTy. Pe3ynbTaTel MiATBEPHKYIOTH BHUCHOBKHM IOTIEPEIHIX JOCTIIHKEHBb IMIOJ0 HEOOX1THOCTI
peaOumitarii 3amizobeToHHoro GoHay YKpaiHM Ta € KUIbKICHUM OOIPDYHTYBaHHSIM HEOOXiIHOCTI
perioHanbHO AudepeHiioBaHUX BUMOT J0 3aXMCHOrO Hiapy 1 Kjacy O€TOHy NpU MpPOEKTYBaHHI
HOBMX KOHCTPYKIIiH.

KarouoBi ciioBa: 3ami300eTOHHI KOHCTPYKIi, JOBrOBIYHICTh, HOPMAaTUBHHUI CTPOK CITY>XKOH,
KapOoHi3allisi, KOpo3is apMaTypH, 3aXHCHUH map.
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