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Abstract. The article presents the results of a retrospective analysis of the building codes for
the design of masonry buildings in seismic areas. The main attention is paid to the regulatory
documents that were developed from the 1930s. The main regulatory documents that were
introduced in Soviet times and their improvement are considered. The approval of regulatory
requirements for seismic resistance in Ukraine, the introduction of seismic zoning maps depending
on the place of construction. The main part of the paper contains a table comparing the main
parameters, criteria and requirements of regulatory documents for the design of masonry buildings
in seismic areas. The table can be used to track trends in the increase of requirements for seismic-
resistant construction both by certain criteria (checking the strength of off-center compression,
opening width, the ratio of the width of the partition to the width of the opening, etc. Based on the
results of the assessment, the paper describes the possible use of retrospective analysis in the visual
assessment of the seismic resistance of masonry buildings.

The systematisation of building codes performed in the paper makes it possible to: first, to
trace trends in the development of regulatory documents; second, to identify elements that are
obviously deficient in seismic resistance; third, to emphasise the list of issues that should be given
priority attention during certification.

Thus, the year of construction, when compared with the regulatory documents which were
valid at the time of construction, makes it possible to make a conclusion about the degree of initial
prerequisites and solutions made in the project. The practical interest of this table is that when
collecting information as part of the assessment process, based on the date of construction of the
building, it is possible to conclude which clauses of the applicable regulatory documents the facility
potentially does not comply with.

Keywords: seismic resistance, assessment system, retrospective analysis, regulatory
framework.

Introduction. Today, in seismic areas of many countries, an important task is to assess the
seismic resistance of buildings. The seismic resistance of buildings is assessed by applying a
comprehensive seismic resistance assessment system. The first stage of this system is visual
assessment, which includes a set of procedures for certification, visual assessment and seismic
monitoring. To date, such a system has already been developed for buildings with a monolithic
reinforced concrete frame, and development is ongoing using the existing methodology for other
structural schemes of buildings. [1-3]. For this purpose, a comprehensive analysis of the regulatory
framework for construction in seismic areas was conducted.

Analysis of recent research and publications. During the twentieth and twenty-first
centuries, requirements for the seismic resistance of masonry buildings in the territory of modern
Ukraine were developed. The development of the regulatory framework for ensuring earthquake
resistance in Ukraine dates back to Soviet times, when the territory of modern Ukraine was part of
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the USSR. During this period, the basis for regulating earthquake-resistant construction was the all-
Union norms that took into account the experience of construction in various seismically active
regions of the USSR, such as the Caucasus, Central Asia and the Far East. The development of the
regulatory framework for earthquake-resistant construction was aimed at addressing the challenges
of earthquake protection in various regions, including those that are now part of Ukraine. In the
1930s, the Soviet Union began to formulate the first rules for anti-seismic construction, according to
which the intensity was 5-8 points, attention was paid to the symmetry of buildings to avoid uneven
distribution of loads, and the use of rigid horizontal and vertical elms in structures was mandatory,
but the first recommendations included simplified approaches to calculating seismic impacts due to
the lack of advanced computing technology. In the 1950s, regulatory documents appeared, namely
PSP-101-51 "Regulations for Construction in Seismic Areas” and design guidelines SN 8-57.
"Norms and Rules for Construction in Seismic Areas" of earthquake-resistant structures. Their
creation was caused by significant earthquakes in the USSR, in particular in Turkmenistan
(Ashgabat, 1948), which had catastrophic consequences. These documents focused on the choice of
materials, design schemes and construction technology. Requirements were developed for the
rigidity of buildings and their ability to withstand horizontal loads during earthquakes [4-8].

The adoption of SNiP 11-7-81 "Construction in Seismic Areas" [9] not only improved the
methodology of calculations for seismic impacts, but this document also took into account
international experience and research results in Soviet research institutes.

After gaining independence in 1991, Ukraine began to adapt the Soviet regulatory framework
to national conditions, taking into account local geological features. In the current DBN B 1.1-
12:2006 [10] and DBN B1.1-12 2014 [11], the intensity of seismic impacts, in terms of
microseismic scale points, for the construction area should be taken on the basis of the General
Seismic Zoning Maps (GZM-2004) of the territory of Ukraine.

In addition to the introduction of seismic zoning maps, the requirements for materials,
structures and construction technology have become more stringent. This document has
significantly changed the situation with seismic risk assessment, as the intensity has been increased
by at least 1 point for a significant part of the territory of our country. Changing requirements for
buildings and increased seismic hazard have led to the fact that a large number of buildings need to
have their seismic resistance assessed.

Table 1 provides a comparative analysis of the requirements of regulatory documents for the
design of masonry buildings. Presentation in the form of a table makes it possible to follow the
trends in the change and development of regulatory documents, identify the most vulnerable parts
and elements that have insufficient seismic resistance, and indicate issues that should be given more
attention.

The purpose of the study. To perform a generalized retrospective analysis of the
requirements of regulatory documents regarding the seismic resistance of masonry buildings.

Materials and methods of the study. In this paper, we analyzed the project documentation
on the start of implementation and changes in the requirements for ensuring the seismic resistance
of masonry buildings. In particular, a retrospective analysis was performed for buildings with a
frame structural scheme [12-14]. Also, the American FEMA 154 indicates the year that shows
changes in the regulatory framework of requirements and norms, so it is possible to track the trend
of improving these norms and introducing more stringent requirements for the seismic resistance of
buildings [15].
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Table 1 — Comparative table of requirements for the design of masonry buildings

Criterion

SNiIP 11-12-62

SNiP 11-12-69

SNiP 11-7-81

DBN 2006
DBN 2014

1. Brick grade for masonry is not lower
than

M75

M75

M75

M75 | M75

2. The grade of mortar for masonry is
not lower than

M25

M25/50

M25/50

M50 | M50

3. Concrete stones, solid and hollow,
with a total density of not less than

1200 kg/m®

1200
kg/m?

800
kg/m?

1 category

Rp>1.8 kg/cm?

Rp>1.8 kg/cm?

Rp>1.8 kg/lem?

2 category

1.8 kglcm*>Rp>
1.2 kg/cm?

1.8 kg/lcm*>Rp>

1.2 kg/cm?

1.8 kglem™>

Rp>1.2 kg/cm?

4. Axial stretching Rp
3rd category

1.2 kg/cm*>Rp>
0.6 kg/cm?

1.2 kg/cm*>Rp>

0.6 kg/cm®

Rp>1.2
kg/cm?

4th category

0.6 kg/cm*>Rp>
0.3 kg/cm?

5. Emptiness

up to
20%

up to
35%

6. Off-center compression strength test

7. An anti-seismic belt (with a
supporting section of the floor) should
be arranged, as a rule, for the entire
width of the wall; in external walls with
a thickness of 500 mm or more, the
width of the belt may be 100-150 mm
less. The height of the belt should be at
least 150 mm, and the concrete gradel
should be at least 150. Anti-seismic belts
should have longitudinal reinforcement
of 4d10 for a design seismicity of 7-8
points and not less than 4 d12 for 9
points.

8. Stairwells on two sides of the building
for 9 points

9. The value of vertical
seismic load for the

7-8 points

calculated seismicity

should be taken as 9 points

15%

30%

10. Beam lintels shall be embedded in
the masonry walls by 30-35 cm. Lintels
with a span of up to 1.5 m are allowed to
be embedded by 25 cm.

11. The removal of 7 points

1.5m

balconies at the calculated

seismicity should not 8 points

1.25m

exceed 9 points

1.0m

1.25m

1.5m

Modern construction and architecture, 2024, no. 10, page 37-44

39



40

BUILDING STRUCTURES

Continuation of Table 1

o (o)) -
© © foe) © <
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Criterion = = = > >
o o o m m
Z Z P &) @)
n n n
1 category 8m
2 category 7m
7 points 6m 5m (6 m)
12. The height of the 3rd category 6m
floor of buildings with 4th category 5m
load-bearing stone walls 1 category 7 m
should not exceed in 2 category 5
areas with seismicity (in . m
case of reinforcement of 8 points 3rd category 5m om 4mGm)
masonry ywth rglnforced 4th category
concrete inclusions,
another height is 1 category 6m
allowed) o coins 2 category 5m . 35m |32m
P 3rd category (4.5m) (4.2 m)
4th category
6 points 20m
1 category 25m 18 m
. 2 category 20 m 15m
7 points 15m
3rd category 16 m 12 m
4th category 10m
13. The distance
between the axes of 1 category 20m 15m 12m
transverse walls or ) 2 category 16 m 12 m
frames that replace them | 8 POINts ——=—o category 2m om
is not more than
4th category
1 category 16 m 12m
) 2 category 12 m 9m
9 points 3rd category om
4th category
1 category
- 80m
7 points| 2 category sﬁirﬁgg rzjl(r)(re]as
3-4 categories
1 category 80m 80 m
sections should not 8 points seismic areas
exceed the standard 3rd category 60 m
seismicity 4th category
1 category  |No more than 60m 60 m 50
m
. 2 category  |No more than 40m 40 m
9 points 60 m
3rd category -
4th category -//-
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Continuation of Table 1

Criterion

SNIP 11-12-62

SNiP 11-12-69

DBN 2006
DBN 2014

SNiP 11-7-81

15. Connecting walls in masonry

The masonry infill
should be connected
to the frame by
reinforcement laid in
horizontal joints in
each direction from
the post at least
70 cm.

In the wall joints,
reinforcing mesh
1.5-2 m long should
be laid in the
masonry every
70 cmin height at a
design seismicity of
7-8 points and
every 50 cmat 9
points.

Reinforcing mesh with a
total cross-sectional area
of longitudinal
reinforcement of at least
1 cm?, at least 120 cm
long in each direction,
should be placed in the
masonry at wall joints
every 70 cm in height at
seismicity of 7 and 8
points and every 50 cm
at 9 points.

16. The width
of the walls
should be not
less than

6 points

0.64 m

7 points

1 category

0.77m

2 category

3rd category

4th category

09m

8 points

1 category

1.16 m

2 category

3rd category

4th category

9 points

1 category

2 category

1.55m

3rd category

4th category

17. The width

of the openings

should be not
less than

6 points

3.5m

7 points

1 category

2 category

3m

3rd category

4th category

25m

8 points

1 category

2 category

25m

3rd category

4th category

2m

9 points

1 category

2 category

25m

2m

3rd category

4th category
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Continuation of Table 1
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6 points
18. The ratio of the width of P . 03
the partition to the width of 7 points 0.33 0.35
the opening should be not 8 points 05 05
less than 9 points 0.75 0.8
6 points - 3.5m
19. Wall projections in the 7 points 4m 2m
plan are not more than 8 points o’m im
9 points 1m
20. The length of the _sectlon of resting of floor slabs and_ 120 mm 1120 mm 1120 mm | 120 mm | 120 mm
coatings on load-bearing structures shall be not less than:
21. Partitions shall be attached to the vertical structures of + + + N N
buildings, and for lengths over 3 m — to the ceilings.

Results of the research. Based on this study, before a visual assessment of seismic resistance,
based on the date of construction of the facility, it is possible to conclude which clauses of the current
regulatory documents the facility does not comply with. In particular, the DBN V.2006 and V.2014,
unlike the soviet standards, require that the strength of structures be tested for off-center compression
when calculating them. The requirements for supporting beam lintels remain common to all documents.
The requirements for the maximum floor height at different intensities are clearly visible, and the same
trend is observed in the permissible distance between the axes of transverse walls or frames.

The requirements for the installation of anti-seismic belts, slab abutment areas, beam lintels,
requirements for fixing partitions to vertical structures and for floors with a length of more than 3 m
remained unchanged.

The systematization of the requirements of the regulatory documents presented in the table
makes it possible to:

— first, to trace trends in the development of regulatory documents;

— second, to identify elements that obviously have a deficit in seismic resistance;

— third, to emphasize the list of issues that should be given priority attention during certification.

Thus, the year of construction, when compared with the regulatory documents in force at the
time of construction, makes it possible to draw a conclusion about the degree of initial prerequisites
and decisions made in the project. The practical interest of this table lies in the fact that when collecting
information as part of the certification process, based on the date of construction of the facility, it is
possible to conclude which clauses of the applicable regulatory documents the facility potentially does
not comply with.

Conclusions.

1. A retrospective review and systematization of regulatory documents on the seismic
resistance of masonry buildings has been carried out.

2. The tendency of development and detailing of the required parameters depending on the
category, score and dimensions of the structure was noted, the unchanged requirements and the
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requirements that were improved were identified.

3. According to the results of this study, when conducting a visual assessment of the seismic
resistance of a building, based on the year of construction, it is possible to determine the main
criteria to be paid attention to.
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PETPQCHEKTHBUHHIK AHAJII3 BUMOI' HOPMATUBHUX TOKYMEHTIB
3 CEUCMOCTIMKOI'O BYAIBHULTBA 10 BYJIUHKIB 3 KAM’SIHOI'O
MYPYBAHHAA
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AHoOTaniAg. Y CTaTTi NpPEeACTaBIEHO pe3yJIbTaTH PETPOCHEKTHBHOIO aHali3y OyIiBEIbHUX
HOPM IIOJI0 MPOEKTYBaHHS Oy/iBeNb 3 KaM'stHOT KIaaKu y ceiicMiyHMX paiioHax. OCHOBHY yBary
MPUIUICHO HOPMATHBHUM JOKyMEHTaM, siki po3poOisaucs 3 1930-x pokiB. Po3risiHyTo OCHOBHI
HOPMATHBHI JOKYMEHTH, $Ki OynM BBEAEHI 3a paASHCBKUX 4YaciB Ta iX YJZOCKOHAJCHHS.
3aTBep/PKEHHS] HOPMAaTUBHUX BUMOT JIO CEHCMOCTIMKOCTI B YKpaiHi, BBEJICHHS KapT CEHCMIYHOTO
paifoHyBaHHS B 3aJIKHOCTI Bix micus OyniBHUITBA. OCHOBHA YaCcTHHA CTATTI MICTUTH TaOJIHIIO
MOPIBHSAHHS OCHOBHMX IapaMeTpiB, KpUTEpiiB Ta BHMOI HOPMAaTHUBHMX JOKYMEHTIB J0
MPOEKTYBAaHHS Oy/IiBeNb 3 KaM'sTHOTO MYPYBaHHS y CEHCMIYHUX paliOHax. 3a TOTIOMOTOI0 TaOJUII
MOKHa BIJICTEKUTU TEHJICHII MiJBUIICHHS BHUMOI JO CEMCMOCTIMiKOro OyIiBHMIITBA, SIK 3a
OKpEMHUMH KpHUTEpisiMU (TIepeBipKa HECY4Oi 3/[aTHOCTI Ha MO3AIEHTPOBUI CTHCK, IIUPUHA TTPOPI3Y,
BiJIHOILICHHS IIUPUHU MEPETOPOAKH J0 MUPHUHH MPOPi3y TOIIO), TaK 1 3a BCiMa IHIIUMU (TIepeBipKa
Ha HeCydy 3/aTHICTh Ha MO3AIEHTPOBUI CTUCK, IIMPHHA NPOPI3y TOMIO). 3a pe3yiabTaTaMu
OLIIHIOBaHHS B pOOOTI OMMCAHO MOXKJIMBICTh BHUKOPHCTAHHS PETPOCIEKTUBHOIO aHali3y IpH
Bi3yaJIbHOMY OIiOBaHHI CEHCMOCTIMKOCTI KaM'STHUX OY/IiBelb.

[IpoBenena B poOOTi cuctemarusaiisi OyIiBEIbHUX HOPM Ja€ MOXJIMBICTH: MO-TIEpIIE,
MIPOCTEKUTH TEHJACHII] PO3BUTKY HOPMAaTHBHHUX JOKYMEHTIB; IMO-IpYre, BUSBUTH €JIEMEHTH, SKi
SIBHO HE MalOTh JOCTaTHBOI'O PiBHS CEMCMOCTIHKOCTI; MO-TPETE, BUOKPEMHUTH MEPEiK MUTaHb, HAa
K1 CJI1/1 3BEPHYTH MEPIIOYEPTOBY yBary Iij 4yac cepTudikarii.

Takum yuHOM, piK OYIIBHUITBA, MOPIBHSIHO 3 HOPMATUBHUMHU JOKYMEHTAMH, IO iU Ha
MOMEHT OyJIIBHUIITBA, Ja€ MOXJIUBICTH 3pOOUTH BHUCHOBOK MPO CTYMiHb BUXIJIHHUX MEPEAYMOB 1
pillieHb, 3akiaajeHux y npoekti. [IpakTuunuii iHTEepec 1iei Tabuui noysirae B TOMy, 1o Ipu 360pi
iHpopMallli B paMKax MpOIeCy OI[IHIOBAaHHS, BUXOJASYM 3 JAaTu OyIIBHMUIITBA OyiBII, MOXHA
3pOOUTH BUCHOBOK IIPO T€, SIKUM ITYHKTaM YMHHHUX HOPMAaTHBHMX JIOKYMEHTIB 00'€KT MOTEHIIITHO
HE BITOBIJIAE.

KurouoBi cioBa: celicMOCTiliKicTh, CHCT€Ma OIIHIOBAHHS, PETPOCHEKTHBHUN aHai3,
HOpMaTuBHa 0as3a.
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