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THEORETICAL CONCEPT AND PRACTICAL

IMPLEMENTATION OF THE NEW

INTEGRATED METHODOLOGY FOR LANDSLIDE
HAZARDS EARLY WARNING SYSTEMS

ABSTRACT

The global climate changes and continued
expansion of land use result in a tangible raise of the
landslides frequency and intensity. Landslides are an
important component of a number of major natural
disasters and are charged with far greater losses
than it is generally recognized. Usually, they are
referred to in connection with floods, earthquakes or
volcanoes eruptions with the losses from landslides
often exceeding all other damages from a general
disaster. During the last decade (from 2000 to 2009),
the natural disasters damaged and destroyed about
one million objects directly affecting nearly 2.5 billion
people around the world. Every year in Europe about
20 major landslides occur, and this considerably
exceeds the number of floods, earthquakes and
hurricanes. Early warning systems are an effective tool
for preventing and mitigating the risks associated with
the occurrences of various types of threats (including
landslides). The paper presents and describes the
concept and practical implementation of the new
integrated methodology (NIM) for early warning
systems (EWS), which is based on the integration of
modern monitoring technologies and comprehensive
numerical modeling of an object under study. The
basic concept of an EWS installed on landslides is
that the elements at risk, especially people being
away from the dangerous area, must have sufficient
time to evacuate, if an imminent collapse is expected.
Therefore, the effective EWS shall include such four
main sets of actions: monitoring of the observed object
activity, i.e. the data collection and transmission,
as well as the equipment maintenance; the analysis
and modeling of the observed and studied object;
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warning, i.e. the dissemination of simple and clear
information about the observed object; the effective
response of risk exposed elements; full understanding
of risks. The examples of the practical application
of the proposed integrated methodology to various
construction projects and natural and technological
systems are given, including 1) the Central Livadia
Landslide System and Livadia Palace, 2) a system for
landslide hazard areas monitoring in the Kharkiv
region; and 3) a landslides early warning system using
unmanned aerial vehicles as a specialized monitoring
system for shear deformations.

KEYWORDS: Concept, methodology, hazard early
warning, monitoring and numerical modeling.

TEOPETHYHA KOHUEIIIIA TA IIPAKTHYHA
PEAAI3AIILA HOBOI IHTETPOBAHOI
METOOAOTII CHCTEM PAHHBOTIO
ITIOITEPEAKEHHA ITPO 3CYBHY HEBE3IIEKY

AHOTAIIA

'nobaapHI  KAIMATHYHI  3MIHH 1 TpPHBalo-
4ye 306IABIIEHHS 3€MACKOPHCTYBAHHS BHUKAHKAIOThH
noMiTHe 30IABIIEHHSA YacTOTH Ta I1HTEHCHBHOCTI
3CyBiB. 3CYBH € BAKAUBOIO CKAQ/J0BOIO HU3KU 3HAYHHUX
CTHXIITHUX AHX 1 HECyTh BIAINOBIZAABHICTH 3a Haba-
rato OIABII BEAHKI BTPATH, HLK 3araAbHOBH3HAHO.
3a3Buyaii 9acTO MPO 3CYBHU 3rajyioTh Yy 3B'A3KY 3 IIOBE-
HAMH, 3€MAETPycaMHu ab0 BUBEP:KEHHAMH BYAKAHIB
HABITh IIPH TOMY, IIIO BTPATH BiJ 3CYyBHUX PYiIlHYBaHb
MO’KYTb II€PEBUIIYBATH BCl 1HII 30UTKH BlJ 3araAbHOI
Karacrpopu. IIporsiroM oCTaHHBOrO AECATHAITTA (3
2000 mo 2009) cTuxiifHl AMXa HOIIKOAUAU Ta 3PYiH-




HyBaAU OAHM3BKO OJHOTO MiAbifOHa 06'€KTiB, Mo 6e3-
rocepeJHbO TOPKHYAOCSA Mailxke 2,5 MApa Aogeld B
ycoomy cBiti. Hopiuno y €Bpormi TpanageTscsa 6An3b-
Ko 20 BEAHMKHX 3CYBIB — 3HAYHO OiAbIIE, HIK IIOBE-
Hel, 3eMAeTpyciB Ta yparaHiB. CHCTEeMH PpPaHHBO-
ro InouepesKeHHs Hpo HebOe3leKy € ePEeKTHBHUM
IHCTpyMeHTaM JAfA 3amobiraHHsA Ta IIOM'SIKIIEHHA
PHU3UKIB, MOB'A3aHUX 3 BUHHUKHEHHAM PI3HOTO THITY
3arpo3 (3CyBiB y TOMY YHCAl). Y cTaTTi ImpejCcTaBAe-
Ha 1 ONHMCAaHA KOHIIENIA Ta NPaKTHYHA peanisaliid
HOBOI iHTerpOBaHo'l' METOAOAOTII CHCTEM PaHHbLOIrO
HOIEePEAKEHHS, KA 3aCHOBAHA HA IHTErpamil Mix
CY4aCHUMH TEXHOAOT1MH MOHITOPHUHTY 1 BCeOIYHUM
YUCEABHHM MO/EAIOBAHHAM JOCALKYBAHOIO OOEKTY.
OcnosHa konneniigs EWS, BcranoBaeHHX Ha 3cy-
BAaX, IIOAATAE B TOMY, IIOO €A€MEHTH, KOTPI CXUABHI
A0 PHU3HKY, OCOOAUBO AIOAHU, IO 3HAXOAATHCSA JaAe-
KO BiJ HebGe3NedHOl 30HH, MAAU JOCTAaTHBO 4acy AAS
€BaKyallil y BUIIaJKy OYIKyBaHHSA HEMHHYYOI'O KOAQAII-
cy. Tomy giiioa i epextuBHa EWS nosunnaa BkAIOUa-
TH B cebe 4oTHPl OCHOBHI HAOOpHU Alil: MOHITOPUHT
AKTHBHOCTI 00’€KTa crocrepeskeHHs: 30ip gaHUX,
nepesgada 1 0OCAYyroByBaHHsA OOAAZHAHHS; aHAAI3
1 MOJEAIOBAaHHSA JOCAIZKYBaHOrOo 00’€KTa; Iouepe-
AKEHHS - PO3IOBCIOAKEHHS IPOCTOI 1 3PO3yMiAOi
indopmanii 1po 06’€KT criocrepexeHHs; ePpeKTuBHa
peaxiis y BiAIOBiAb €AE€MEHTIB CXUABHUX 40 PHU3U-
Ky; IIOBHE 3HAaHHA pu3uKy. HasegeHo npuxaagu
HPAaKTUYHOI peaAisaii 3alIpOIIOHOBAHOI IHTEIrPOBAHOI
METOAOAOTIl AAs pisHUX OysiBeAbHHX O0’€KTIB Ta
NPUPOAHO-TEXHOT€HHHUX cucteM: 1) IleHTpaapHa
AiBajiificbka 3cyBHa cucrema Ta AiBagilicbKUN
naaarn, 2) CHCTeMa MOHITOPHHIY 3CyBOHeOEe3IeBHUX
AIAAHOK XapbKiBCbKOi 0OA., 3) cucremMa paHHBOIO
[OIEPEeAKEHHS 3CYBIB 3 BHKOPUCTAHHAM GE3MIAOTHHUX
AITAABHHX QIIIapaTiB B SAKOCTI CIIEIIaAI30BAHOI CUCTE-
MH MOHITOPHHIY 3CYBHUX AepOopMariil.

KAIOUOBI CAOBA: xoHnenijisg, METOJOAOTIA,
PAHHE MONEpPesKEeHHs PO Hebe3NeKy, MOHITOPHHT,
YUCEAbHE MOJEAIOBAHHSI.

INTRODUCTION

The global climate changes and continued
expansion of land use result in a tangible raise of
the landslides frequency and intensity. Landslides
are an important component of a number of major
natural disasters and are charged with far greater
losses than it is generally recognized. Usually, they
are referred to in connection with floods, earthquakes
or volcanoes eruptions with the losses from landslides
often exceeding all other damages from general
disasters. During the last decade (from 2000 to 2009),
the natural disasters damaged and destroyed about
one million objects directly affecting nearly 2.5 billion
people around the world. Every year in Europe about
20 major landslides occur, and this considerably
exceeds the number of floods, earthquakes and
hurricanes [1].

In the USA all states and territories sufter from
landslides and other soil problems. Moreover, in
36 states the landslide hazard has changed from
moderate to extremely dangerous. Landslides in
the United States are a serious hazard and every
year result in significant human and financial losses
amounting from 25 to 50 deaths and from one billion
to three billion dollars damages [2]. In Ukraine
landslides are on the top in terms of caused losses
and their number has increased by 1.3 times over the
last 15 years and approximately by 3 times during 30
years [3].

Massive landslides were observed in Kyiv in April
2014: "The landslides have again become more active
in Kyiv. Soil already slumps at 131 sites all over the
city (last year there were 125 such areas). Experts say
the city could be threatened by large-scale land slips,
because caving soil can damage roads, houses, water
supply system, heating mains and gas pipelines" [4].

The landslide hazards study requires the answers
to two fundamental questions:

I. "Where and when can landslides occur?" and

2. "How to avoid them or mitigate their

consequences?"

The early stage of the landslide hazards automated
study has begun with a variety of monitoring systems,
the main role of which was to collect information
about an object or phenomenon under study.

The term "monitoring" originates from the English
verb "to monitor" (to check, supervise, watch or keep
track of) derived from Latin monit - ‘warned’ or
monere - to warn, admonish or remind. In a variety
of scientific and practical activities, the method of
observation has been used for a long time as a method
of knowledge acquisition based on relatively long-
term, purposeful and systematic perception of objects
and phenomena of the surrounding environment.
The brilliant patterns of the nature observation
management were described in the first century AD
in the Natural History (Naturalis Historia) by Pliny
the Elder (Gaius Plinius Secundus). The work was
divided into 37 books organized into ten volumes.
They covered topics including astronomy, geography,
geology, zoology, botany, mineralogy etc. and became
the most complete encyclopedia until the Middle
Ages [5].

The organization of observations of the
hydrocarbon oxide content in coal mines air in
England and Belgium more than 100 years ago
can be considered as the environmental monitoring
historical beginning. For those observations canaries,
guinea pigs and cockroaches were used as some
kinds of sensors [6]. The systems for recording and
accumulating information are the simplest forms
of monitoring or of monitoring systems (MS). The
historical sciences, which gather and analyze the
data on historical facts and events, seem to be the
oldest among such systems. In the 20th century,
due to the modern information and analytic bases
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and the computerization of all fields of science and
technology, the monitoring systems have spread
everywhere, including technology [7], economics [8],
medicine and sociology [9], public administration etc
[10-11].

There are many various definitions of monitoring,

for instance:

1. Monitoring (Latin monitor - who reminds or
warns) is a complex system of observations,
assessments and predictions of changes in the
states of a technical object or its individual
elements and nodes under the various actions
influences.

2. Monitoring can be understood as the
continuous observation of system component
elements or the system as a whole to establish
their development regularities, forecast the
development, make the managerial decisions
and control their implementation results [12].

3. Seismo-acoustic monitoring is based on the
observation of the seismo-acoustic wavefield
of the object under study. At present the
physical, geological and methodological
principles of seismo-acoustic monitoring [13]
are being developed. They will provide for
the possibilities to detect and interpret the
seismic wavefields variations by the available
hardware, methodological and computational
tools [14].

4. Monitoring can be regarded as a set of
operations on data collection, accumulation
and transformation in order to extract from
them an information in a form, which can best
satisfy the information needs of the user, and
with the maximum possible computerization of
its following components [15]:

- content-related component covering the
information technology processes of
preparation and design including problems

statement, used models and methods of
applied mathematics and information
support;

- functional component including complex
documenting, circulation and processing of
information;

- system activities component formalizing the
human activities structural units, including
reasoning, interactive modeling abilities,
procedures and technologies, in compliance
with a powerful computing base, i.e. system-
wide and hardware equipment.

The purpose of monitoring is to determine the
time points, at which the deviations from the normal
operation of the object under study occur. The main
role in monitoring belongs to the information system
for the observations and assessment of object current
state and trends of technical state (TS) variation
under the operating conditions. The amount of
experimental data obtained during monitoring
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constitutes the scientific basis for planning the
measures to resume the technical state and the
optimal methods to achieve this goal (by time, cost,
parts and mechanisms replacement necessity etc.).

The main task to be solved in the monitoring
process is the detection and assessment of the
recorded field deviation from the stationary state. But
prior to this, at a preliminary stage, it is important to
study and find the stationary state characteristics.
The mathematical modeling use makes it possible
to assign a certain set of technical state indicators,
which correspond to the normal or optimal state
of the object under study, to a given natural or
technical object. To identify the object state by
means of analysis, the most informative indicative
parameters, the combination of which represents the
state of the object under study, should be selected.
For observations the indicative areas, nodes and
mechanisms, that is, areas with the most dynamic (or,
on the contrary, stable) state variations can also be
chosen. In the process of monitoring, the indicative
parameters actual values shall be recorded [16 and
17].

In 2001 the President of the National Academy of
Sciences of Ukraine, the academician B.E.Paton in
his report on the problems of constructions, buildings
and equipment resources in Ukraine presented at the
scientific and practical conference "Reconstruction of
buildings and structures. Experience and problems"
noted that in recent years a new direction of the
continuous monitoring of the state of the most loaded
elements, the failure of which can cause significant
consequences, has been developed in order to
improve the critical structures safe operation. Special
systems for monitoring the structures state have been
worked out. They allow estimating both the actual
loading (for example, in case of earthquakes) and
the degradation of the structural elements resistance
against real loads. A wide range of such solutions
relating to bridges, dams, tunnels, bridge railroads
etc. and taking into account the requirement of their
reliable service during a period from 50 to 100 years
are known in the USA and Europe. Such systems
differ in the type of sensors and the saturation of
an interface for recording, storing, transferring and
processing measurement results. The equipment
should meet the high requirements of performance
reliability during long service life. A very important
issue is cost, since in the real structures the number
of "hot spots”, that is, the sensors installation places,
can reach several thousands. Nevertheless, the costs
of such systems for monitoring the structures state
can be fully compensated by means of the accidents
risks reduction, which now is well understood in the
advanced economies of the world. Monitoring should
be an integral part of any meaningful activity. The
lack of monitoring leads to a loss of the link between
an activity and its results, which, after all, inevitably
leads to emergencies occurrences.




In view of the fact that monitoring systems relate
to the information technologies field, since 2001
they have undergone very thorough changes. As a
result, the information technologies, hardware and
strategies for landslide analysis and soil disaster
risks mitigation require permanent and continuous
improvement by various means, including landslide
hazard early warning systems (LH EWS).

CONCEPT OF THE EARLY WARNING
SYSTEMS NEW INTEGRATED METHODOLOGY
(EWS NIM)

As defined by the UN International Strategy for
Environmental Disaster Reduction (UN International
Strategy for Disaster Reduction, UNISDR 2009),
the Early Warning System (EWS) is “the set of
capacities needed to generate and disseminate
timely and meaningful warning information to
enable individuals, communities and organizations
threatened by a hazard to prepare and to act
appropriately and in sufficient time to reduce the
possibility of harm or loss” [18].

This general definition can be applicable to any
danger and does not contain a direct reference
to landslides. Regardless of the definition and the
hazard considered, EWS is used to reduce the risk
by affecting the impact on exposed elements. The
basic concept of EWS installed on landslides is that
the elements at risk, especially people being away
from the dangerous area, must have sufficient time to
evacuate, if an imminent collapse is expected.

Therefore, an effective EWS shall include such
four main sets of actions [19]:

* Monitoring of the observed object activity, i.e.
the data collection and transmission, as well as
the equipment maintenance;

* The analysis and modeling of the observed and
studied object;

* Warning, i.e. the dissemination of simple and
clear information about the observed object;

e The effective response of risk exposed elements;
tull understanding of risks.

The key to the successful application of landslides
EWS is the system ability to identify and measure in
real time a limited number of important indicators
called precursors that precede landslide catastrophic
movements including disturbances and collapses.
The recent advances in the development of control
and measuring equipment in conjunction with GPS
and photogrammetric techniques have increased
the potential for obtaining the highly reliable
measurements of various parameters, which then
can be used to detect landslide activity preceding the
entire slope breakage [20-28].

It is quite obvious that whenever the mechanics
and instability mechanism of a particular slope are
ignored, it may be difficult or simply impossible
to rely solely on the analysis based on the surface
displacements and velocities measurements.

Therefore, it is necessary to describe the landslide
forerunners for the purposes of early warning about
soil movements [29-31].

As EWS in its components is time-sensitive or
stochastic errors susceptible, it is necessary to
develop the EWS designing methodology, which will
determine the methods for integrating the monitoring
information sources, identifying the potential hazard
thresholds and assessing the associated risks within
the frameworks of an explicit cause-and-effect
analysis. Since both the corresponding forerunners
and the landslides characteristic elements can vary
depending on the landslide type and its location
(urban, rural or mountainous areas), each EWS can
be tailored for each particular landslide area to be
investigated.

The LH EWS NIM is usually based on a real-time
monitoring of the landslide surfaces displacements
and displacements velocities (I), as well as on the
realistic numerical prediction of their behavior (II),
i.e., the methodology is ensured by the use of these
both approaches (I&II) taken together.

The LH EWS NIM consists of four main
components shown in the block-diagram of fig. 1.

Each module performs certain functions. The
surface displacements and velocities are chosen here
as precursors, although the methodology architecture
has been designed to ensure compatibility with
a wide range of precursors that would be used
for the various types of landslides. The LH EWS
methodology includes four main elements as follows:

1. Special monitoring module;

2. Integrated monitoring module;

3. Module of characteristics description and

mathematical modeling;

4. Module of analysis (verification).

Modules 1 through 3 are the input data sources
tor the decision-making algorithm (orange dotted
frame at the bottom of the flowchart). The algorithm
allows the continuous assessment of hazard levels
and identifies the appropriate actions to be taken to
ensure an adequate safety level for elements exposed
to risk.

In Fig. 1 there is also the time scale (¢,, ¢, ¢, and {;),
which should be as follows:

t, can be considered as the initial control time.
For the first occurred violation of a soil, the
value of ¢, represents a period of time prior
to landslides emergence. For a dormant or
potential landslide, ¢, represents the landslide
reactivation time;

¢, 1s a time directly from the moment immediately
after ¢, to about the next three days;

{,1s a time from 3 to about 20 days after ¢,

{; 1s a time exceeding 20 days after ¢,.

The special monitoring module (1) is the first
to be triggered and to ensure the EWS setting at
t; period when the critical conditions require the
warning system immediate activation. Modules 2 and
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3, which perform the general monitoring (2) and
characteristics description and modeling (3), can be
started simultaneously, but this requires additional
time to provide for the feedback (outputs) useful for
the EWS optimization.

Forinstance,among all known landslide monitoring
systems there is the GBInSAR system, which is unique
due to its radar capabilities for measuring the surface
bias field and velocity with millimeter accuracy over
the entire landslide (or pit surface) practically in real
time with a detection frequency of several minutes
under any weather conditions without the necessity
of any contact sensors installation on a landslide [32-
33]. These functions allow obtaining the maps of the
monitored area displacements and velocities in a few
hours after the system setting (¢,). The possibility of
obtaining the displacement maps, which are updated
every 10 minutes or less, fully meets the real-
time monitoring system requirements, especially in
emergency conditions, and is an important additional
advantage of such a monitoring system [32-33].

The integrated monitoring module (2). The
integrated monitoring module covers all operations
related to the installation, collection and processing
of data obtained from the geotechnical instruments
(piezometers, inclinometers, extensometers, crack
measuring devices etc.) arranged on the landslide
and from the additional remote sensing equipment
(i.e., a ground-based laser scanner, tachometers,
photogrammetric devices etc.) that can be used
to monitor the landslides [34-35]. The equipment
arrangement on the site also implies the need for the
staff and mechanisms to have an access to the works
on the control points installation. Due to the time
constraints, the availability of data from the standard
monitoring module generally differs by a few days
or weeks (t,) after the occurrence of the first ground
tailure. If the devices are equipped with sensors that
perform an effective procedure of data analysis in
real time, it is possible to get a significant reduction
of time required to get to the “core” algorithm of the
decision-making unit.

The module of characteristics description
and modeling (3). This module performs field
studies (geological, geomorphological, structural
and geophysical), laboratory tests on undisturbed
and broken rocks and numerical modeling for
the study of landslide triggering conditions and
its evolution scenarios. All these activities usually
require some time and their execution takes from
one week to several months (¢,-¢;) after the landslide
occurrence. The time spent for field surveys and
on-site investigations is generally proportional to
the level of detail. Field studies and on-site tests
may begin within some days or weeks after the
onset of instability (Z;), but to obtain reliable results,
which will be used at the next stages (t,), the basic
time is required. Geotechnical laboratory tests also
require some time to ensure the valid geomechanical

parameters for numerical modeling. Laboratory
tests, however, are a fundamental stage for obtaining
the quantitative characteristics of undisturbed and
broken rocks properties and provide the input
parameters for numerical modeling. The selection
of tests to be necessarily carried out is based on the
soil physical and mechanical characteristics and the
mechanism leading to this landslide instability.

Once the undisturbed and broken rocks
characteristics determination is completed, the
process of numerical modeling of the slope instability
(t;) may begin. Since the landslides analysis is often
complicated because of the geometry or topography,
material anisotropy, nonlinear behavior, stresses
within slopes and the related processes presence (e.g.,
hydromechanical behavior), numerical modeling is
the only solution that will properly use and take into
account all these interactions.

The reverse analysis process [36, 37] based
on the monitoring data obtained by GBInSAR
or conventional monitoring methods, as well
as the continuous calibration of numerical and
physicomechanical parameters allow using with
increased confidence the mathematical modeling
results in the landslide scenario analysis for early
warning purposes. Therefore, the numerical
modeling results can forecast the landslide kinetic
energy, displacement and velocity of a moving mass,
its depth and final configuration after the deposition.

Verification module (4). The verification module
is the last component, which represents the decision-
making algorithm in the integrated methodology.
It provides for a set of operations necessary for
the constant and continuous determination of real-
time hazard levels associated with the observed
object of instability using data from at least one
of the previously described analysis modules. The
module of decision-making in compliance with the
time variable can be ready for analysis performance
within the interval from ¢; (a few hours after the
landslide beginnings) to t; (several weeks) depending
on the particular combination of chosen analysis
modules. In this sense, it does not present any special
restrictions as to the time of its operation activation.

The results of GBInSAR and other monitoring
modules operation are consistent with the landslide
kinematics determination and the subsequent
interpretation of landslide displacement models.
Various areas in complicated landslides may be
characterized by different types of movements,
velocities and volumes, and may manifest various
short- and long-term behaviors under the actions
of various “triggers” (e.g., precipitation). This can
be explained by the introduction of the “Region of
Interest” (ROI) concept. The ROIs are the landslide
parts characterized by a uniform kinematic behavior
(i.e., type, direction, displacement and velocity of
motion) and a certain degree of activity.

After the ROI is determined, the next step in the
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algorithm is the selection of the threshold values
that will be used in the decision-making algorithm.
The general criteria for choosing adequate threshold
values include the necessity to predict the landslide
evolution scenario (or slope degradation modes) and
the time required for a competent response. In the
proposed methodology in the case of information
unavailability, for instance, from the landslide
monitoring network, the verification module is
activated only via the radar monitoring module (time
point ¢;). As a consequence, the threshold values will
be conservative to a large extent and will be selected
by the method of expert ratings assessment. As the
first data of GBInSAR monitoring are becoming
available, it becomes possible to analyze the time
series for various points of the landslide under
study to gradually optimize the previously selected
threshold values. At time point ¢, (from days to weeks
after the landslides occurrence) this improvement can
be ensured by other general (standard) monitoring
data. The further and more reliable optimization
of the threshold values, which will be taken for the
landslide long-term monitoring, should be carried
out at the time point ¢; based on the results of

set of responses that indicates, which actions (i.e.,
“What to do?” and “Who is responsible?”) should
be activated to mitigate the landslide hazard. A
comprehensive consideration of specific actions 1is
far beyond the scope of this report, since social,
economic and political aspects that can be learned
only from specific interdisciplinary risks assessment
studies shall be taken into account. In the proposed
scheme, the responses associated with each warning
level have a feedback with the monitoring modules
(1-3). When a certain threshold level is reached,
the measurement frequency increases under the
alarm condition until the maximum frequency of
sensors scan is obtained and continuous monitoring
is ensured. Once the hazard levels (warnings) and
the corresponding threshold values are defined, the
verification module (4) continuously compares in real
time the results of the measurements in the selected
quantity of ROI data with predetermined threshold
values. The software is able to display in real time
the maps of displacements and velocities generated
during the processing, as well as to make the hazard
level maps of controlled landslide area available
on-line.

Table 1 - Warning levels accepted for an early warning system [38] THE PRACTICAL
IMPLEMENTATIONS
Warning Desription Trigger Response OF THE LANDSLIDE
level HAZARDS EARLY
WL1 - Seasonal or long-term | Seasonal The standard measurement WARNING SYSTEMS
norm change of characteristics | thresholds frequency. NEwW INTEGRATED
— Seasonal activity values are not | The check of seasonal variations. METHODOLOGY (LH

exceeded EWS NIM)

WL2 - Changes of characteristics) Exceeding of | The measurement frequency

Attention | according to seasonal relative increase. 1. As the first illustration of
trends — Increased threshold The preparation to the alarm the LH EWS NIM practical
activity values raise. embodiment the project
WL3 - Acceleration of Exceeding of | The maximum frequency of «System of monitoring the
Alarm characteristics changes — | relative measurements. Central Livadia landslide
signaling | Collapse is probable threshold The twenty-four-hour system (CLLS) and Livadia
values and/or | observations. Palace» (34, 39, 40]
expert ratings | The manpower resource is implemented during 2002-
necessary. . 2014 (Project Chairman
Commu_mcatmg with the Yu.Il.Kaliukh) can be taken.
popmatl?n', In this project unit 2, unit
The prehmmar)f elaborated plan 8 and partially unit 4 of the
of actions to be implemented. four units of the LH EWS

the characteristics description and mathematical
modeling module (3).

In the proposed methodology, a typical set of
three warning levels (WL1, WL2 and WL3) is used
and, consequently, a two-threshold system (attention
and alarm) is adopted (see table 1).

Each level of warning is then associated with the
state of the landslide activity (normal or seasonal
activity, increased activity or possible collapse) and
activated by exceeding the corresponding threshold
(boundary) value. For each warning level there is a
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NIM were implemented.

To study the CLLS geological environment state
the monitoring system was developed and technically
implemented on the computer. Heliogenic
parameters included solar activity, changes in
temperature and humidity regimes, the nature and
intensity of precipitation, wind activity etc. The data
were manually loaded into the computer. Lithogenic
parameters were presented by a set of conditions and
factors characterizing the mechanism and dynamics
of changes in the equilibrium state of the CLLS
slopes. The system performed the following actions:

0}



N

N

1. Control of the CLLS reference points
displacements by means of landslide surface
visual observations and subsequent manual
loading of information into the PC.

2. The continuous real-time monitoring of
the deviation angle changes evolution for
selected areas and zones within the landslide
massif with the use of high precision electric
inclinometers, filtering of electrical signals,
converting of analog signals into a digital code
by means of the analog-to-digital converter
(ADC) and data real-time downloading into
the PC.

The processing of the measurement results showed

the following facts [41-44]:

1. The southeastern wing of the Livadia
palace performs continuous waves relative
to a certain intermediate position. These
vibrations are of a noticeable periodic nature
with a period being defined as twenty-four
hours. The daily vibrations amplitude varies
within the range of approximately 1.5 angular
minutes, that is, about 45 angular seconds
to every side away from the intermediate
position. The vibrations are directed relative
to the transverse building axis.

2. Sometimes (for instance, on February 13-14,
February 26-27 and March 22-23, 2002), the
Livadia Palace tilt angle increase was recorded.
In those cases, the amplitude increased to
6 angular minutes. The calculation results
showed that the usual daily vibrations were
1.9 mm to each side from the intermediate
position, but on the mentioned
days the vibrations were about
4.2 mm to each side from the
intermediate position.

3. The exact correlation of those
tactors with the Livadia Palace

slopes in Kharkivska oblast by means of ERS”
[45-47] implemented during 2008-2011 (Project
Chairman A.N.Trofymchuk) can be taken as the
second illustration of the LH EWS NIM practical
embodiment. In this project the unit 1, partially unit
3 and partially unit 4 of the four units of the LH EWS
NIM were implemented.

As the basis for the proposed structure of the
landslide hazard slopes information system the
proprietary database and GIS (fig. 2) were taken.
The developed database had an information
and reference character and contained the brief
information about fifty-two certificates of the Kharkiv
region landslide areas and the data on the total
precipitation during twenty years from 1983 to
2002 at the Kharkiv region meteorological stations.
The database information could be used for the
rapid assessment of landslides formation risk. The
GIS contained the multilayer information on relief,
gradients of slopes, hydrographic network, roads,
landslide areas etc.

It was found that with the decrease of the distance
between a road and landslide areas, the number
of landslides increases. Despite the fact that the
Kharkiv region territory is relatively small in size, its
main part is struck by the landslide processes, which
should be constantly monitored.

The GIS adaptation to the existing database
of the Kharkiv region landslide hazard massifs
(LHM) facilitated the clarification of the following
connections: "landslides density - area flooding", "the
number of landslides - the amount of precipitation”,
"slump deformations - slope gradient", "slump

Structure of the landslide-prone slopes information DB

/\

civil structures dynamics was
not proved because of the
frequent forced breaks in the

Data base (DB) development

Geoinformation system (GIS) development

monitoring system operation.

/\

Such breaks were caused by the
necessity to fulfill the mandatory
requirements of the Security

Certificates of landslide areas (conceptual
information)

Maps Tables

Service of Ukraine during the

— \

various official events of the
All-Ukrainian and local (Yalta
and Livadia) levels in the

Certificates of landslide areas (brief
information)

Diagrams Plots

Livadia Palace and preliminary

preparations for them. Since
January 2014, the monitoring
of the CLLS and the Livadia

Precipitation

Diagrams

v

Palace has been completely

ceased because of the Crimea
occupation by Russia.

2. The project “System of GIS-

monitoring of the landslide hazard

Figure 2 — Structure of the landslide hazard slopes

information database
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deformations - seismic loads", "density of landslides -
density of the road network". On the most part of the
Kharkiv region territory, the LHM areas flooding,
precipitation and anthropogenic factors have the
dominant effects on the landslides evolution or
activation.

Firstly, a water table rise due to natural and
anthropogenic factors is recorded almost wherever
numerous landslides are observed. Anthropogenic
factors can include the violations of sewer systems
of buildings, low efficiency and hydrological
imperfections of drainage systems, storm-water
sewerage systems failures etc. Secondly, it is possible
to observe the various economic activities with the
significant violations of control standards (cutting
of LHM slopes, lands ploughing for agricultural
use in the vicinity of the landslide deformations
manifestations, trees removal on slopes etc.). Thirdly,
the dynamic impact on LHMs is rising because of the
intensification of traffic density and transport speed,
increase of transit freight traffic and respective roads
surfaces loads, reduction of the distances between
roads and slopes etc.

When processing the information available from
the DB of landslide manifestations in the Kharkiv
region districts, which has been obtained earlier,
it became clear that there was no valid correlation
between the landslide areas and landslides quantities.

That fact can be caused by several reasons
including the unreliability of landslides information,
shifting (increase) of landslides activation, secondary
factors of influence, stale data etc. All of that requires
the new approaches and modern information
technologies application to the LHM data collection
and processing etc., as well as the on-line acquisition
of operational information. To solve those tasks,
the advanced software tools are necessary for the
landslide hazard assessment at the local and regional
levels based on a systemic combination of the analysis
of unmanned aerial vehicles (UAV) cartographic
information, space images taken by means of Earth
remote sensing (ERS), mathematical modeling
results and GIS-technologies outputs. The new GIS
model should contain multilayer information on
the relief, slopes gradients, hydrographic network,
roads, landslide areas and others.

3. At present, the paper authors develop “System
tor the UAV- monitoring of landslide slopes”. In
2017 O.A.Klimenkov defended his dissertation
where the preliminary studies of the LH EWS
NIM units 1-4 using the unmanned aerial vehicle
(UAV) were implemented at the theoretical and
methodological levels [45, 46]. The new approaches
and modern information technologies application to
the collection and processing of data on potentially
dangerous landslide massifs etc. and the on-line
obtaining of operational information require the
improvement of existing software for the landslide
hazard assessment at local and regional levels based
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on a systemic combination of UAV cartographic
information analysis, satellite images taken by means
of the Earth remote sensing (ERS), mathematical
modeling and GIS technologies [45].

Despite the continuous improvement of the
aerospace ERS tools, such aerospace photography
has well-known methodological limitations, which
are determined, first of all, by the impossibility
of photographing at any time and in any place
depending on the weather conditions and on account
of satellites orbits geometry. The preconditions for
the UAV use as a new photogrammetric tool include
the disadvantages of two traditional ways of the
remote sensing data acquisition by means of space
satellites (space photography) or manned aircrafts
(aerial photography) (fig. 3).

Satellite observations allow the images acquisition
with a publicly accessible maximum resolution of 0.5
m, which is insufficient for large-scale mapping (fig.
3.a). Moreover, it is not always possible to find the
cloudless photos in archive. In case of customized
photographing, the promptness of data acquisition
may be lost. The operators and distributors often
do not exhibit the flexible pricing policies as to
the relatively compact areas. Traditional aerial
photography carried out from aircrafts (Tu-134,
An-2, An-30, II-18, Cesna and L-410) or helicopters
(Mi-8T, Ka-26 and AS-350) requires high economic
costs for maintenance and fueling, which leads to the
increase of a final product value.

The application of standard aircraft systems is
uneconomic in the following situations:

1. The photography of small objects and small

areas. In such cases, the economic and
time costs of work organization related to a
photographed area unit significantly exceed
the similar parameters of the large areas
photography (particularly for objects at a
considerable distance from an aerodrome);

2. Thenecessitytocarryoutregular photographing
for monitoring the extended objects, including
pipelines, transmission lines or traffic arteries.

It should be noted that the technology of aerial
photography from UAV has been largely worked
out [46, 47]. Currently, most of the existing and
operating UAVs are intended for air reconnaissance
and surveillance by taking photos and videos.

The vertical and horizontal axes show the area
covered by photographing and the operativity and
relevance of the data received, respectively. As can
be seen from the figure, the materials of satellite
acquisition have the maximum coverage, but their
applicability is insignificant. Sometimes the space
images of certain territories are waited for months.

The aerial photography and aerial laser scanning
have a higher applicability and accuracy, but cover
the smaller areas as compared to satellite acquisition.
Also, both of the above mentioned methods of
taking photos are expensive. The use of UAVs is




justified in cases when it is necessary
to quickly obtain accurate information
about a locality at a small area. In
addition, taking into account the cost of
each of the solutions, UAVs get the very
advantageous scoring and are optimal
in some cases in terms of financial costs.
Thus, the plus points of UAVs use are as
follows: economic efficiency; possibility
of taking photos from small altitudes and
in the vicinity of objects and, therefore,
obtaining the high resolution images;
immediate imaging and the possibility
of UAV usage in zones of emergency
without any risk to the pilots’ lives and
health.

The use of UAVs for solving the tasks
of emergency areas aerial surveillance
(such as monitoring of the Fukushima-1
NPP condition as of March 16, 2011

Figure 3 — Satellite observation data
a. The low resolution image from the Google
Earth service
b. Superimposition of the aerial photo made from
"Dozor-2" UAV
c. A high-resolution photo segment

Figure 4 - The photograph (DigitalGlobe) of the first
four power units of Fukushima-1 NPP as of March 16, 2011

after the radiation accident (fig. 4)) is the most cost- CONCLUSIONS
effective, safe and operational means of environmental

monitoring. It is evident from fig. 4 that only the 1. Theconceptand practicalimplementation ofthe
second power unit building has some small external Early Warning System (EWS) new integrated
damages; but the buildings of the Fukushima-1 NPP methodology, which is based on the integration
third and fourth power units suffered greatly. of modern monitoring technologies and
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investigated object comprehensive numerical

simulation, is presented and described.

The actual and efficient EWS shall perform

four main sets of the following actions:

* The monitoring of the behaviour of an object
under observation, i.e. data collection and
transfer, as well as equipment maintenance;

* Theanalysisand modeling of theinvestigated
object under observation;

* Warning, that is, the dissemination of
simple and clear information about the
object under observation; and

* The effective response of risk-exposed
elements; full understanding of risks.

The new integrated methodology of landslide

hazard EWS includes four main elements as

follows:

- Special monitoring module.

- Integrated monitoring module.

- Module of characteristics description and
mathematical modeling.

- Analysis (verification) module.

The time scale (¢, t, t, and t;) should be as

follows:

- t, can be considered as the initial control
time. For the first-in-time soil violation, the
l, value represents a period of time before
the landslides occurrence. For a dormant or
potential landslide, the ¢, value represents
the time of its reactivation;

- 1, means approximately three days period
from the moment immediately after ¢

- t,is a period from 3 to about 20 days after ¢;;
- 1; means more than 20 days after .
The proposed methodology uses a typical set
of three warning levels (WL1-WL3), therefore,
a dual-threshold system (attention and alarm)
is adopted. Each level of warning is related to
the landslide activity state (normal or seasonal
activity, increased activity or possible collapse)
and becomes activated when the corresponding
threshold (boundary value) is exceeded. For
each alert level, there is a set of responses to
indicate, which actions should be activated for
mitigating the landslide hazard (i.e., "What to
do?" and "Who is responsible?").

The integrated methodology was tested

and proved to be effective in managing

the Torgiovannetto di Assisi rockslide. The
warning thresholds and danger threshold
were identified and applied to create a EWS in

an experimental mountain landslide area [38].

The following examples of practical

implementation of the proposed integrated

methodology for various construction objects
or natural and man-made systems are
presented: 1) the Central Livadia landslide
system and Livadia Palace; 2) the system for
landslide hazard areas monitoring in Kharkiv
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Region, and 3) the systems of early prevention
of landslides with the use of unmanned
aerial vehicles as the specialized systems for
monitoring the deformations due to landslides.
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OIIEHKA HECYIIEN CIIOCOBHOCTHU
CTPOUTEABHBIX KOHCTPYKITHUU
BN KEAE3OBETOHHOM BEHTUAAITMOHHOHN Hmmm

TPYBbI BBICOTOM

150 M HA OCHOBE

HATYPHBIX 1 UUCAEHHBIX UCCAEAOBAHUI

AHHOTAIIUA
B craTbe npegcTaBAEHBI PE3YABTATHI OIIEHKH HECY-
mel  CcocoOHOCTH CTPOUTEABHBIX KOHCTPYKIJMH
AKeAe300€TOHHON BEHTUAAITMOHHONU TPYOBI BBICOTOM
150 M npu ceiicMHYECKHX BO3JEHCTBUAX M HATPY3-
Kax OT CMepdYa, C Y4E€TOM PE3YAbTATOB HaTYPHBIX
AMHAMUYECKHX ¥ HHCTPYMEHTAABHBIX 06CA€JOBaHUIA
CTPOUTEABHBIX KOHCTPYKIIMH, HA OCHOBE YHCAEHHBIX
HCCAE€JOBAHUN AMHEHHON M HEAMHEHMHOHU mpocTpaH-
CTBEHHBIX PACYETHBIX MOJEAEH.
Pearnsanma nmoctaBA€HHOH 1eAn 6bIAA JOCTUTHY-
Ta 3a CYET PEMIEHHUA CAEAYIONIUX 3a/jad:
* mpoBeJeHUA BUOpOJHMHAMHUYECKHX 0OCAeJ0BaA-
HUH;
* oIpeJeAeHHE IPOYHOCTH GETOHHBIX KOHCTPYK-
UH YABTPA3BYKOBBIM METOAOM;
* paspaboTKM AMHEWHOW M HEAUHEHHOH mpo-
CTPAHCTBEHHBIX PACYETHBIX MOJEAEH TPYOBI;
® BBIIOAHEHHUS PACYETOB HA BO3JAEHCTBUA cMepua
KAacca F3 u ceficMuyeckux BO34€MCTBUI UHTEH-
cuBHOCTBIO 6 6arroB (MP3) u 7 6arroB (Bbile
MP3).
ITo pesyabTaTam BHOGpOAMHAMHYECKHX OOCAELO-

BaHUIl ompegeAeHbl (aKTHYECKHE JUHAMHUYECKHE
rnapaMeTpbl KOHCTPYKIHII BEHTHUAAIMOHHOM TPYOBI
(popMmpr KOAEOaHUA, Tpeobiajaolue MEPHOALI U
YaCTOTBI IPU KOA€OAHHUAX II0 OCHOBHBIM (opMmam).
ITo pesyApTaTaM HMHCTPYMEHTAABHBIX HCCAEZOBAHHI
KOHCTPYKIHH YABTPa3BYKOBBIM METOJOM OIIpPEJEAe-
Hbl (PAKTHYECKHE XapaKTEPUCTUKH IPOYHOCTH KOH-
cTpyknuii 6erona. IloaydyeHHbIE HAaTypHBIE JAaHHBIE
HCIIOAB30BAHBI IPH pa3paboTKe IMPOCTPAHCTBEHHBIX
PaCYETHBIX MOJEAEH COOPYKEHHA.

JAAa onpeaseneHHA Hecymed crmocoOHOCTH KOH-
CTPYKIIUH BBIIIOAHEHBI PaCY€Thl MOJAEAEH C HCIIOAB30-
BaHHEM HporpaMMHoro komnaekca «<AMPA CAIIP»,
KOTOPBIM ABAAETCS KOMIBIOTEPHOM CHCTEMON JAAA
CTPYKTYPHOTO aHAAH3a U MPOEKTUPOBAHUS.

PacdeTsl BLITOAHEHBI HA HATPY3KHU OT CMepPYa KAAC-
ca F3, a takxke ceficMuyeckue BO3/€HUCTBUSA HUHTEH-
CHUBHOCTBIO 6 1 7 GarnoB, OIpeseAE€HHbIE 110 CIIEK-
TPaABHOMY MeTOAY. /lOTIOAHHUTEABHO BBITOAHEHA
OIleHKa Hecyleil cmocobHOCTH KeAe300€ TOHHBIX KOH-
CTPYKIIUH COOPY/KEHUA, IPH 9KCTPEMAABHBIX HATpy3-
Kax (ceficMuueckux 7 6aaroB n cmepua kaacca F3)
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C Y4EeTOM IAACTHYECKHUX CBOMCTB OeToOHa M apmarty-
pbl. MICIIOAB30BaH HEAMHEHHBIH cTaTHYECKUI aHAANUS
(Pushover analysis) KOHCTpyKIuii, TpUMEHAEMBIH B
HopMax YkKpaunbl, Espocorosa, CIIIA u apyrux crpa-
HaX IPH OIEHKE CEeHCMOCTOMKOCTH ®KCIAyaTHpye-
MBIX COOPY/KE€HHUI.

ITo pesyAbTaTaM HMCCA€AOBAHUH IOAYYEHBI Iapa-
METPbI HAIPAKEHHO-4€POPMUPOBAHHOTO COCTOSHUS
KOHCTPYKIIUH >KeAe300€TOHHOH BEHTHAAIIHOHHON
TpyOBbI IpHU PACCMOTPEHHBIX CEHCMHYECKUX H CMEp-
YEBBIX HATPY3KaX, MOATOTOBAEHBI PEKOMEHAAIIUH IO
CHUKEHHMIO BO3MOKHBIX IIOCAEJACTBUH 3eMAeTpsce-
HUsI HHTEHCUBHOCTBIO 7 GAANOB U cMepua KAacca F3.

THE CIVIL STRUCTURES BEARING CAPACITY
ASSESSMENT FOR 150 M HIGH REINFORCED
CONCRETE VENTILATION PIPE BASED ON
THE FIELD AND NUMERICAL SURVEYS

ABSTRACT

In the paper the results of the building structures
bearing capacity assessment are presented for a
reinforced concrete ventilation pipe with a height
of 150 m under seismic effects and tornado loads,
taking into account the results of full-scale dynamic
and instrumental building structures surveys, based
on the linear and nonlinear spatial design models
numerical studies.

This goal was achieved by solving the following
tasks:

* the vibrodynamic surveys execution;

* the concrete structures strength determination

by an ultrasonic method;

* development of linear and nonlinear spatial
design models of the pipe;

* the calculations of class F3 tornado effects and
intensities 6 (MDE) and 7 (above MDE) seismic
impacts.

Based on the results of vibrodynamic surveys,
the actual dynamic parameters of the ventilation
pipe structures were determined (vibration modes,
prevailing periods and frequencies during principal
modes vibrations). Based on the results of structures
instrumental studies by ultrasonic method, the actual
characteristics of concrete structures strength are
determined. The obtained field data were used in the
development of the facility spatial design models.

To determine the bearing capacity of structures,
the models calculations were performed using the
LIRA CAD software package, which is a computer
system for structural analysis and design.

The calculations were performed for the class
F3 tornado loads, as well as the intensities 6 and 7
seismic effects determined by the spectral method.
Additionally, the bearing capacity of facility reinforced
concrete structures was assessed under extreme loads
(intensity 7 seismic impacts and class F3 tornado)
taking into account the concrete and reinforcement
plastic properties. The structures non-linear static
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analysis (Pushover analysis) applied in the standards
of Ukraine, the European Union, the USA and
other countries for the assessment of the operating
structures seismic resistance was used.

Based on the results of the research, the reinforced
concrete ventilation pipe structures stress-strain state
parameters under the considered seismic and tornado
loads were obtained and the recommendations were
prepared to reduce the possible consequences of an
intensity 7 earthquake and a class F3 tornado.

BBEJAEHHE

AHAAU3 MPOEKTHOU JAOKYMEHTAITUU

Bentunanmonnas Tpyba HaAXOAUTCA Ha TEPPHU-
Topuu oxpaHsaeMoil 30HbB YepHOOBIABCKOIT ADC
(UADC), BBegeHa B 9KCIAyaTanuio B Mae 1978 r.
Kenresoberonnas tpyba sbicoroit 150,0 M nmeer BHY-
TpeHHHU# BbIXOZHOU gmameTrp 6,5 M. Tpyba sampo-
€KTHpPOBaHa JASl OTBOJA HE arpeCcCHBHBIX II0 OTHO-
mIeHHIO K 6€TOHY ra3oB ¢ MAKCUMAaAbHOH TeMIlepaTy-
poii y Bxoga +60° u MmuaumManpHOH +20° ¢ BAAKHO-
crei0 40 H0%.

CTBOA TpPyOBI BBIITOAHEH M3 MOHOAHUTHOIO JKEAE-
3o6eTonHa (mpoekTHBIH KAacc 6erona C20/25). Ykaon
HAapYKHOH IIOBEPXHOCTH CTBOAA II€PEMEHHBIH II0
BBICOTE, YKAOH HHKHEH 4acTH MCKYCCTBEHHBIH (H3-32
PAaCIIOAOKEHHA B IJOKOAE ra3roAbjepa). CTeHbI CTBO-
A2 BEHTHUAAIIHOHHOM TPYOBI COCTOAT U3 MOACOB BBICO-
Toit 2,5 M. Becero no BeicoTe Tpy6BI yeTpoeHno 60 mos-
coB. ToAmuHA CTEH CTBOAA IEpEMEHHAA H U3MEHAET-
cst o BeicoTe TPy6nr o1 1000 MM Ha ormeTkax 0,000

.+ 30,000 m g0 200 MM Ha ormerkax +110,000 ...
+150,000 M.

dyngaMeHT - MOHOAUTHBIH KeAe300€TOHHBII
BBITOAHEH H3 GetoHa kaacca (C20/25, Kpyrablil B
IIAQHE, COCTOAMMI M3 CTakaHa M IIAOCKOHM IIAHTBI.
Crakan uMmeeT POpPMY YCEYEHHOrO KOHYCa BBICOTOMH
2,5 M; HApPyKHBIH AUAMETP B OCHOBAaHUH COCTABASET
11 M. CTakan onupaeTcss HA IMAUTY TOAIUHOHN 3,0 M
u guamerpoM 30 M. I'Anybuna 3aroxennsa pyHgaMeH-
Ta OT YPOBHsA IOBEPXHOCTH 3EMAM COCTABASET 5,5 M.

BbpIIOAHEH  KOMIIAEKC  9KCIE€PHMEHTAABHO-
TEOPETHYECKUX HCCAEJOBAHUH JAASL 0OOCHOBaHHA
CeHICMOCTOMKOCTH KOHCTPYKIIUH IPH MaKCHUMAaAbHOM
pacdeTHOM 3eMAETpsAceHHH 6 6aAnOB, a Takke IpHU
CBEPXIIPOEKTHBIX BO3JEHCTBUAX (cMepd KAacca F3 u
3€MAETPSICEHUE UHTEHCHUBHOCTBIO 7 GaANOB).

IIOCTAHOBKA 3AZAY HCCAEZOBAHUI

FAaBHOIT 11eABIO paboThI ABASIETCS NPOBEJEHUE
HATYPHBIX JAMHAMHUYECKHX W HHCTPYMEHTAAbHBIX
obcAe40BaHUIT CTPOUTEABHBIX KOHCTPYKIMH BEHT-
TPpYOBI, BBIIIOAHEHHE YHCAEHHBIX HCCAE€JOBAHUM
AMHEHMHOM M HEAMHEHUHOU IPOCTPAHCTBEHHBIX MOJE-
A€if, OoIleHKa Hecymeld CIOCOOHOCTH CTPOHUTEABHBIX
KOHCTPYKIUH NIpU CEHCMUYECKUX BO3AECHCTBUAX WU
cMepua Kaacca F3, paspaborka pexkomeHngamuii 1mo
AaAbHEHIIEH 9KCIIAyaTaLluH.




Pearnsanmsa rmocraBAeHHOI 1jeAn 6bIAA JOCTHTHYTA
3a CYET pelIeHUs CAeJYIOIIUX 3a4ad:

* npoBeJeHus BHOPOAMHAMHYECKHX 0OCA€J0BaA-
HU;

* onpeJeAeHHE NMPOYHOCTH G€TOHA KOHCTPYKIUH
YABTPa3BYKOBBIM METO/J0OM;

* pa3paboTKH pacyeTHOH MOJAEAHN TPYOBI U BBIITOA-
HEHHUsA PACcYeTOB HA BO3JAEHCTBUA cMEpYa KAacca
F3 u ceiicMudeckue BO3ZEUCTBUS HHTEHCUBHO-
creio 6 6aaroB (MP3) u 7 6arros (Beitiie MP3).

MATEPUAABI HCCAEAOBAHUN

LleAabfo mpoBeJeHHA HATYPHBIX BUOpOAMHAMUYE-
CKHX 0O6CA€Z0BaHUI fABAAETCA onpejeAeHHe PpaKTH-
YeCKUX JUHAMHYECKHX IapaMeTpoB (popm koreba-
HHH, a Takke npeobrajaonux IEePHOJ0B U JaCTOT
pHu KoAe6aHHAX 110 OCHOBHBIM popMaM) KOHCTPYK-
Ui BeHTUAAHOHHON Tpy6pr BT-1.

JAs perucrpanun JAUHAMHYECKOH peaKkIuH KOH-
CTPYKIHH COOPYKEHUA IPU BUOPAIJHOHHBIX BO3J€H-
cTBuAX 6bIaa paspaboTaHa COOTBETCTBYIOMIAA METO-
Auka BUOpoJMHAMHUYECKHX O0OCA€JOBAaHHM, KOTO-
pas mpegycMaTpuBaAa u3MepeHue subpoyckopeHnuit
CTPOUTEABHBIX KOHCTPYKIIUH TPyOBI B ABYX Hampas-
A€HHAX (B4OAB ocel Y n X) B TOpPU3OHTAABHOM ITAO-
ckoctu corracuo JCTY ISO 4866:2008 [1].

B pamkax paspaboTtaHHOil METOAUKU ObIA peann-
30BaHa CX€Ma pa3MelieHHs BHOPOJATYHKOB, ITOKa-
3aHHaAA Ha puc. 1.

Peructpanuma BuOGpPOCUTHAAOB BBIIOAHAAACH C
HCIIOAB30BAHHEM KOMIIAEKTAa aBTOHOMHOI bGecmpo-
BOAHOM MHOTOKAHAABHOH CHCTEMBI MOHHUTOPHUHTIA
CTPOUTEABLHBIX KOHCTPYKIIUH [2].

Hcrouynnkamu BHOPAIMOHHOTO BO3JAEHCTBUA Ha
KOHCTPYKIMIO BEHTUAAIIMOHHOH TPYyOLI ABAAAHCDH
BETPOBBIE BO3ACHUCTBUA, IPY30BOH aBTOTPAHCHOPT
u BubpoaktuBHOE obopyjoBaHue, paboTaomiee Ha
npomnaomagke YADC.

Ha pucynkax 2 um 3 mpusejeHBbl 3allUCH pacyeT-
HBIX AMIIAHTYJAHBIX CIEKTPOB IepeMeNmeHUH KOH-
CTPYKIIUII BEHTHAALHOHHOMN Tpyber BT-1 B Hanpas-
AeHUH Y, 3apETUCTPUPOBAHHBIE Y OCHOBAHHUA TPYOLI
U Ha €€ KOHCTPYKIJUH B PAa3AHYHBIX TOYKAX H3Me-
peHus.

HHTEPIIPETAIIA PE3YABTATOB H HX
AITPOBAIIN A
Ha ocHOBe KOHCTPYKTHBHOH CXE€MBbI BEHTTPYODLI
B nporpammHoM kKomnaekce AMPA-CAITP 2017 [3],
6blAa padpaboTaHa KOMIIBIOTEPHAS MOJeAb (puc. 4)
KOTOpas COCTOHUT H3:
® YHHUBEPCAABHBIX UYETBIPEXYTOABHBIX KOHEYHBIX
aAreMeHTOB 060A0uku (KD 44) ¢ skecTKUMHU BCTaB-
KaMH, MOJEAHUPYIONINX KOHHYECKHI ra3o0TBOAA-
IIUIT CTBOA IO BHEIITHEH €TI0 ITOBEPXHOCTH;
® YHHUBEPCAABHBIX TPEYTOABHBIX H UYETBIPEXYTOAb-
HBIX KOHEYHBIX dAeMeHTOB oborouku (KD 42
u K9 44) ¢ KecTkMMH BCTaBKaMH, MOJEAHPYIO-
muxX PyHAAMEHTHYIO IIAHTY C IIPHBA3KOH ee cpe-

AUHHOH IIAOCKOCTH K ®AE€MEHTAM Ta300TBOZsILlE-
IO CTBOAQ;
® JKECTKHUX CBA3eH, 00ecrneunBaronuX HETIO/BHK-
HOCTb BCETO COOPYKEHUSA BAOAD TAABHBIX KOOPAH-
HATHBIX OCEH.
B OKpysKHOM HAlpABA€HHH CTBOA TPYOBLI U pyHAa-
MeHTa pa3butel Ha 36 CEKTOPOB.
KoMmmbioTepHas MogeAb BEHTTPYObI pacCuuTaHa HA
CAEAYIOIHE HATPY3KU U BO3ACHCTBHA:
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Pucynox 1 - PaccraHoBka JaTYMKOB IIO BBICO-
T€ COOPYKEHHUS. 4-E-> - AATYUK JASl U3MEPEHUA
TOPH30HTAABHBIX KOoAebaHmil
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PucyHok 2 — AMIAUTYAHBIH CIIEKTP FOPHU3OHTAABHBIX BHOponepeMenieHuil (BJOAb ocH Y)
¢yngamenTa BeHTTPYOBI Ha oM. 0,000 M
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PucyHok 3 — AMIAUTYAHBIH CIIEKTP OPHU30OHTAABHBIX BHOpomnepeMenieHuil (BJOAb ocH Y)
KOHCTPYKIIHU BEHTTPYOBI HAa oT™. +85,000 M

CcOOCTBEHHBIN BEC, ONpegeAseMblil IPOorpamMm-
HO II0 CEYEHHUAM KOHCTPYKTHUBHBIX DAEMEHTOB
U PacuYeTHOU IINOTHOCTH KeAe306€ToHa, paBHOI
2,75 /™%
IIOCTOAHHYIO HArPy3Ky, B KOTOPYIO KpPOMeE Beca
KOHCTPYKTHUBHBIX SAEMEHTOB, BOILIEA BEC KEAE-
306eToHHON nAOmAaAKu Ha otMeTke +15,000.
HArpy3Ky OoT cMepdya Kiacca F3, onpegeasemyro
110 METOAUKE, UBAOKEHHOH B [4] MpUMEHUTEAD-
HO K OTKPBITBIM COOPYKEHUAM, IpPH pacder-
HBIX HapaMeTpax CMepya, PerAaMeHTHUPOBAH-
HbIX [TocranoBaenueM [5] u ¢ yaeTrom aspoauHa-
MHUYECKUX KOd]pPumeHTos [6].
HArpy3KH OT CEMCMUYECKUX BO34EHCTBUI HHTEH-
CHUBHOCTBIO 6 U 7 GAANOB, OIIpeeAsieMble B COOT-
BercTBuU ¢ TpeGoanusmu [7]. Ilpu aTom Kod-
¢unuent k,, YYMTBIBAIOIIUHN Heynpyrue gedop-
MAaIlUU U AOKAAbHbIE MOBPEKAEHUSA DAEMEHTOB
COOpYyKeHUs, NPpUHAT paBHbIM 0,625, Kak AAs
KOHCTPYKIMi 1-fi Kateropum ceiicMocTofikocTn
coraacHo [8].

Pacuer Ha celicMuYecKHe BO3JAE€HCTBUS BBIITOA-
HANCA AAA 60 popM cOOCTBEHHBIX KOAEOAHUM, Tak
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Kak BpIciiue (GOpMbI HE BHOCAT BKAQJ B YBEAHUE-
HHE CYyMMbI MOJAABHBIX Macc. YacToTa u nepuoj And
neppoii popmbl Koaebanmit (taba. 1) cosmagaior c
pe3yAbTaTaMu, IOAYIEHHLIMHE IPU BUGpogUHAMMYE-
cKux 006CAeJOBAHMAX, YTO TOBOPHUT O COOTBETCTBUM
pacueTHOl MOZEAN PEAAbHOMY OOBEKTY.

ITo pesyAbTaTaM pacueToB HPOCTPAHCTBEHHOH
KOMIIBIOTEDHOH MOJEAU BEHTTPYObI HIpHU yHpyroi
pabore MaTepuaAOB yCTAHOBAEHO, 4TO IPH ceiicMu-
YECKUX BO3JEHCTBUAX HHTEHCHUBHOCTLIO 6 6GaAnos,
pacueTHoe apMuposaHue TpyObl MeHbIIe ITPOEKTHO-
ro, T.€. CEHCMOCTOHKOCTh KOHCTPYKIHI BEHTPYOBI
npu Bo3jeiicteun MP3 obecneunBaercs.

BrimoAneHa oneHka Hecyllei criocobHocTH Kene-
300€TOHHBIX KOHCTPYKIIMH BEHTTPYOBI IpH CBEPX-
IPOEKTHBIX HArpy3Kax (ceficMHYeCKHX MHTEHCHBHO-
cTpi0 7 GaAnNOB M BETPOBBIX OT cMepua Kaacca F3) ¢
Y4ETOM HMAACTUYECKUX CBOHCTB G€TOHA M apMaTyphbl,
T.e. HA OCHOBE PE3YALTATOB HEAMHEHHOro craTuye-
CKOTO pacyeTa C y4€TOM IPOEKTHOIO ApMUPOBAHHUS.

PacueTpl BBIITOAHAAHCH C IOMOHILIO IIPOTPaMM-
Horo Kommaekca AMPA-CAIIP c¢ yderom ¢usmye-
ckoii HeAnHelinoctn 6eToHa u apMarypsl. Jaa 6ero-
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Pucynox 4 — KoMmbioTepHas MOJAEAb BBITAAKHOI
TpyOBI: a - 061mHii BuA; 6 —alIIAHKATBI XapaKTEPHBIX
Y4aCTKOB

Ha HCIOAB30BaACA 15-f 3akom gepopmupoBaHUS
(9KCIIOHEHITHAAbHASI 3aBUCUMOCTB). B cooTBeTcTBHU
C IPOEKTOM BEHTTPYOBI M pe3yAbTaTaMU IIO OIIpe-
AEAEHHIO IIPOYHOCTH OeTOHa, KAacc 6€TOHA NPHHAT
C20/25 coraacuo [9]. IIpu pacderax MOAYAL YyIPYro-
cru 6eToHa NpHHAT L, = 3,06:10* MIla. Pacuernoe
cornporusAeHue 6eroHa Ha cxkarue f, = 13,5 Mlla,
Ha pacrskenue f, = 1,0 MIla. IlpegeabHble OTHO-
CHUTeABHBIE AedopMaliud 6ETOHA IPUHATHI COTAACHO
[9] u coctaBAsioT: npu cxatuu 0,00166, npu pacrsa-
xxenun 0,00058.

st apmatyper 6b1A TpuHAT 11-1i 3aK0H gepopMu-

poOBaHUsA (9KCIIOHEHIIHAABHAA 3aBHCUMOCTD). B
COOTBETCTBHHU C IPOEKTOM BE€HTTPYObI IPUHATA
apmatypa kaacca A-IT1. Ilpu pacdyerax MOAyAb
yupyrocru apMarypst npusst E,=2,1-10° MITa.
PacyeTHOE conpoTuBAEHHE apMaTyphbl IPH pac-
TsKkeHUU U ckatuu R, = 340 MIla.

/JIAsL BBIIIOAHEHHsI HEAMHEHHBIX PACYETOB B
IIPOCTPAHCTBEHHOU AMHEHHONH MOJEAM BEHT-
TpyObl OblAa IIpOM3BEJEHA 3aMEHA KOHEYHBIX
DAEMEHTOB 000AOYKH (TNl 44, AMHEHHbIH) Ha
244-i1 (YHUBEPCAABHBIH YETHIPEXYIOABHBIN
KOHEYHBIH 9AEMEHT OOONOUYKH), TO3BOASIOINIAS
y4ecTh (PU3NYECKYI0 HEAMHEHHOCTh MaTepua-
AOB.

ITposegeHnnpl pacdeTbl NPOCTPAHCTBEHHOMH
HEAUHEUHOU MOJgeAU BeHTpr6L1 Ha JelicTBUE
CTaTUYECKHU ITPUAOKEHHBIX HAIPY30K AAS BAPHU-
AHTOB:

® FOPHM30HTAABHBIE HATPY3KH OT CMepua
KAacca F3;

* ceficCMUYeCKHe BO3/JEHCTBUSA WHTEHCHBHO-
CTBIO 6 6AANOB (YIHUTBIBANOCH AEHCTBHE 1O
TpeM KomrnoHeHTaM X, Y u 7).

* cefiCMUYeCKHe BO3/JEHCTBUSA WHTEHCHBHO-
CTbIO 7 6GaANOB (YUUTBIBAAOCH JeficTBHE 110
TpeM KomnoHeHTaM X, Y u 7).

AHAAU3 HANPAKEHHO-4ePOPMUPOBAHHOTO
cocroanna (H/AC) xeae306€TOHHBIX KOHCTPYK-
nuil BEeHTTPYOBI Ha Pa3HBIX OTMETKAX IIPH
Harpyske 80% OT MaKCUMaABHOI IIPH CMEPYE, BBITIOA-
HEH HAa OCHOBE /JaHHBbIX HEAUHEHHBIX PACYETOB.

l'opusonTarbHOE pacuyeTHOE HEAHHEHHOE IepeMe-
meHne pepxa BeHTTpy6nI pasHo 2111 MM, 9TO cocTas-
Astier 1/71 Beicotsr BeHTTPYOBI (pHC. 8), 9TO 3HAYHU-
TEABHO NPEBBINIAET JONYCTUMOE 3HA4YEHHE YIIPY-
roro IepeMeNmeHUus JAA BBICOTHBIX 3JaHHH, pas-
Hoe 1/1000 BepicoTs! 3ganma (. 4.45 [10]). ITosTomy
B Ka4eCTBE OCHOBHOTO IapaMeTpa IPHHAT IEePeKoC,
IpeJeAbHOE 3HAYEHHE KOTOPOTO (U3 YCAOBHA HELO-
HnymeHusa oOpymeHua KOHCTPYKIIUH), AAA KEAe30-
6€TOHHBIX MOHOAHUTHBIX O€CKapKacHBIX 3JaHHH, IpHU

Tabaunsa 1 - PacueTnbie guHaMuyeckre xapakrepucruka BT-1

Howmep popmbr Yacrora korebanuii, | Ilepunog korebanmii, | X MOZAABHBIX Macc,
KoAebaHm I'n C %

1 0.526 1.903 0.300

0.526 1.903 17.986
3 2.069 0.483 18.089
4 2.069 0.483 26.625
5 2.337 0.428 26.625
6 4.235 0.236 26.633
7 4.235 0.236 31.485
8 5.159 0.194 31.485
9 5.211 0.192 31.485
10 5.211 0.192 31.485
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MaKCUMaABHBIX pacyer-
HBIX 3EMACTPSICEHHUAX Q)
pasen 0,020 [7].
AHaau3s pacuer-
HbIX 3HAYEHUI BepTH-
KaABHBIX ~CKHMAIOLIHUX
HAIPSKEHUE NPH BO3-
AENCTBHU CMepYa II0Ka-
3aA (puc. 5,6), 9To Ham-
6oaee HArpyKeHHBIMU
SBASIIOTCA ~ KOHCTPYK-
LUU CTBOAQ BEHTTPY-
61 Ha orMm. +30,000M.
IIpu oTOM BeEAHYHHA
MaKCHMaABHOTO 3Hade-
Hus, pasHoro 12,5MIla,
MEHbIIE INpPesEeAbHO-
ro COIPOTHUBACHHS
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6eToHa TIpH  CKATUH i 7259 SO,
(f.e=13,5MIIa). Pucysok 5 — PesyAbTaThl pacdera BeHTTPYObI IPH BO3AE€HCTBHH CMepYa KAAC-

Awnaaus pacdeTHbIX Ca F3: a - 3ona OﬁpaBOBaHI/IH TPpEWIMH B PACTAHYTOM 6€TOH€; 6 - 30HA ¢ MaKCH-
3HAaYeHUU BEPTHKAAb- MAAbHBIMH CKHUMAIOIMIUMH HAIPSIKECHUAMHU NY, B - 30Ha C MAKCUMAAbHBIMH pac-
HbIX pacTtAruBaromux  TATUBAIOIUMH HAIIPAKEHUAMA NY

HaNpsKeHUH, pH BO3-

AEHCTBUH CcMepYa MOKa3aA (puc. 5,B), 4TO
HanboAee HArPY/KEHHBIMH TaKKe SABASIOT-
€A KOHCTPYKIIUH BEPTHKAABHOTO CTBOAQ
BeHTTPYOBI Ha oTM. 134,000 - +35,000 M.
ITpu 9TOM, BEAMYNHA MAKCHMAABHOTO 3HA-
yenusdA, pasHoro 2,39 MIla, 6oabmie mpe-
AEABHOTO COIIPOTHUBAEHHA O€TOHA IIPH pac-
Taxennd (f,, =1,0MIIa). 9to m obycraBAn-
BaeT oOpa3oBaHHE TPEHIUH, IOKa3aHHBIX
Ha puc. 5,a.

Anaruz H/AC xeae300€eTOHHBIX KOH-
CTPYKIIUH BEHTTPYOBI Ha Pa3HbIX OTMETKAX
IIPU HMHTEHCUBHOCTH CEHCMHYECKHUX BO3-
aeiictBuii 6 6aAAOB BBIIIOAHEH HAa OCHOBE
JAAHHBIX HEAUHEHHBIX PacueToB.

I'opu3oHTarbHOE pACYE€THOE HEAHHEMN-
HOE IIepeMeNIeHHE BepXa BEHTTPYOBI paBHO
1171 MM, uTo cocraBasieT 1/128 ee BBICOTHI
(cMm. puc. 8). PacueTHble 3HaUYEHUSA ITEPEKO-
cos ot ormeTku +90,000 m g0 +150,000 M
pasubl 0,011-0,012, yTo mo4yTn B ABa pasa
MeHbIe npegeAabHoro sHadenusa 0,020 (u3
YCAOBHUA HEJOIYIIEHUA OOpYIIEHHUSA KOH-
CTPYKLHIH) AAA KEA€300€TOHHBIX MOHO-
AHMTHBIX O€CKapKacHBIX 3JaHHIl IpHU Mak-
CHMAABHBIX PACYETHBIX 3EMAETPACEHHAX
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Pucysnox 6 — PesyabpTaThl pacdera BeHTTPYOBI IpH BO3/J€ii-
CTBHHM IIPH HArpy3ke, pasHol 80% OT MaKCHMaAbHOM IpH ceiic-
MHYECKOM BO3/JefcTBUU 6 GAAAOB: a - 30HA C MAKCUMAABHBIMU
CKHUMaoMUMU HanpsaxeHuaMa NY; 6 - 30Ha ¢ MAKCHUMaAbHBI-
MH pacTATUBAIOIUMHI HanpsaxKeHuAMH NY

[7]. Cxumaromue HanpsiKeHus B 0eTOHE BEPTUKAAb- HHUH = 1,0 MITa).

ck —

HOT'O CTBOAQ BEHTTPYOBI Ha orMeTkax oT +30,000 M Anannz H/C xene306€TOHHBIX KOHCTPYKITUM
Ao +40,000 M (puc. 6,a) JOCTHraloT MaKCHUMaAbHO- BEHTTPYOBI, Ha Pa3HbIX OTMETKAX, IPH MHTEHCHBHO-
ro sHavenust 7,63 MIla, 4To B ABa pasa MeHbIIE Ipe-  CTH CEHCMHYECKUX BO3JeHCTBHI 7 6AANOB, BBIITOAHEH
AEABHOTO CONPOTHBAEHUSA OETOHA NPH CKATHU (f,;, = Ha OCHOBE JaHHBIX HEAHHEHHBIX PACIETOB.

13,5 MITa).

rOpI/IBOHTa./\bHOC pacaeTHoe HEeAUHeHHoe nepe-

M3 puc. 6,6 BUAHO, 9TO pACTATUBAOLINE HANIPSIKE-  MeIIeHHe BepxXa BeHTTPYObl paBHO 2527 MM, 4TO
HuA B 6eTone He npesbimalot 0,64 MIla, ayto Mmenbme cocraBAasger 1/59 BbicoTBI BEHTTPYOHI (CM. pHC.
IpeJeAbHOTO CONPOTUBACHUA 6eToHa mpu pactsaxe- 8). PacdyeTHble 3HaY€HHA IIEPEKOCOB C OTMETKH
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+90,000 m g0 +150,000 m pasusr 0,024-0,025, gTo

HnpeBbImaeT npegeabHoe sHadenue 0,020 (u3 ycao- 180 f / /
/

BHA HEJONYIIEHUA OOpyIIeHHA KOHCTPYKIIUH) AAA 140 f /
AKeAe300€TOHHBIX MOHOAHMTHBIX O€CKapKacHBIX 3Ja- / /
HUH, TPH MAKCUMAABHBIX PACYETHBIX 3EMAETPACEHH- 130 7
CoxkuMmaromue HanpsaKeHusA B OeToHe BEpPTH-
KAaABHOTI'O CTBOAQ BCHTpr6LI HAa OTMETKax oOT 110 /
+30,000 M g0 +40,000 M (puc. 7,6) gocTUrAIOT MAK-
cuMaAbHOro 3uHavenus 13,3 MIla, uro 6AM3KO K 100 i 7
IpeJeAbHOMY COIPOTHUBACHHIO O€TOHA IpHU CKaTHU = 90 - * 5(
(fe= 13,5 MIla). 3
W3 puc. 7,8 BUAHO, YTO PACTATUBAIOIIAE HAIPsI- % 80 7
AKeHHA B 6G€TOHE IPEBBLIIAIOT HPEJEABHOE COIpPO- ;
TuBAeHHe GeToHa npu pactskenud (f, = 1,0 MIla). 5 70 —4/%
IIpu 3emaerpsicenun 7 GaAnOB, IPOrHO3UPYeEMbIe ;n’ 60
30HBI TEKYYECTH PaACTAHYTOH apMaTypbl NPHUBE/EHbI
Ha puc. 7,a. 50
Arsa garpueiimero msydenusa H/AC 6wIA mpose-
AeH HeAuHeWHbI cratuueckuit anaams (Pushover 40
Analysis), pexkoMeHAyeMbII HOpPMaMH YKpPAaWHBI, U 30
pearunsosannbiii B ITK AMPA-CAITP.
CyTb M€TOZa 3aKAIOYAETCA B OIEHKE NepeMmelnie- 20 —&— cmepu F3
HU KE)HCTPYKHI/II/I IyTeM HOfACAOBaTC]\bHOI‘? a}UIa- 10 —B— ceiicm. 6 6annoe
AM3a €€ pa3pylleHus NpU JeHCTBUH BHEIIHEH ceiic- —&—ceiicm. 7 6annos
MHYECKOH HATPY3KH (AHAAU3 IIPEJEABHOH NIPOYHO- 0 | | g |
CTH 34aHU). 0 05 1 15 2 25 3
B pesyAbTare pacdera mocTpoeH CHEKTP Hecymei MepemeweHus, M
cnocobnoctn (CHC) ¢ mocaeayommuM HaAOKEHH-
€M Ha YIpPYIui CIEKTp peaklHuil IpH COOTBETCTBY- Pucynok 8 — PacueTHble roOpu3oHTaAbBHBIE
omeM Kospdunuente peayknuu R, (puc. 9). Touka IepeMemieHus BEHTTPYObI Ha pa3HBIX OTMETKAX

RS,

e

o

A RmAR

¥
SOSTETIN

B S suAANEY,

N

s

IRARSINNS

B

Pucynok 7 — PeayApTaThl pacyera BeHTTPYOBI IIPH BO3AEHCTBHU IpH Harpyske, pasuoi 80% or Makcu-
MaABHOH IPHU ceficMHYECKOM BO3JeiicTBHH 7 GAANOB: a - 30HA 06pa30BAHUA TPEHIHH B PAacTAHYyTOM GeToHe;
6 - 30Ha C MAKCUMAABHBIMH C;KUMAIOIUMH HanpsKeHUAMH NY; B - 30Ha ¢ MAKCUMAABHBIMH PaCTATUBAIONTH-
MU HanpsxeHusaMu NY
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Pucynok 9 - Crexktp Hecymeil crocobnoctu BeHTTpYOBI, moctpoennsrit 8 [ITK AMPA-CAIIP, rae
* - XapaKTEPUCTHUYECKAA TOYKA, S, — CHEKTPAABHOE YCKOPEHHE, Sy — CIIEKTPAABHOE IIE€pEMEIeHHe

IEPECEYEHUs CIEKTPOB ABASAETCA XapaKTEPHCTHYE-
CKOH TOYKOH, KOTOpas OIpPeJeAseT HaIpPIKEHHO-
AePOPMUPOBAHHOE COCTOSTHUE KOHCTPYKIIUH BEHT-
TpyObBI, IpU CEHCMUYECKOM BO3/E€HCTBUM UHTEHCHUB-
HOCTBIO 7 6AANOB TIO yHpyromy cuekrpy [3].

BbIBO/bI

ITo pesyabTaTaM HCCA€JOBAHUH MOMKHO CAEAAThH
CAE€AYIOIHE BbIBOJDI.

1. Pazpaborana mporpaMma U METOZUKA IIPOBEJE-
HHA BUOPOJHMHAMHYECKUX HCCAEJOBAHUM BEHT-
TpyObl. PaKTHYECKHE JAaHHBIE 3aPETHCTPHPO-
BAHHBIX I1APAMETPOB KOA€OAHHI KOHCTPYKITUMA
BEHTUAAITUOHHOU Tpybsl BT-1 ncroab3oBaHbr
AASL BEpUPHKAIMU €€ PACYETHON MOAEAN.

2. KommblorepHasd MogeAb BeHTTPYOsI BT-1 coot-
BETCTBYET €€ KOHCTPYKTUBHON CXe€Me U IO3BO-
ASIET TOAYYHMTBH JocToBepHylo onenky H/AC
KOHCTPYKIIMU B IIEAOM H OTJAEABHBIX €€ DAe-
MeHTOB. PacyeTnl BLINOAHEHBI Ha CAEAYIONIHE
BO3A€HCTBUA: cMepy KAacca F3, ceficmuueckne
BO34EHCTBUS MHTEHCUBHOCTLIO 6 M 7 6GaAAOB.
ITo pesyAbTaram pacdera Mo CHEKTPAABHOMY
MeToAy [7] B ynpyroii mocraHOBKe U3 BCEX pac-
CMOTPEHHBIX HArpy3oKk M BO3/JeHCTBHH Hau-
6oree onacapiMu g HAC Tpybnr asasoorcs
HAarpy3KkH OT cMepua Kaacca F3.

OgHaxo, gaxe pu HanbOOA€E HEBBITOZHOM IIOAO-
JKEHHUU CMepYa, TOPU3OHTAAbHbIE IEPEMENIEHU S BEP-
muHbl TPYObI cocTaBAAIOT 310,50 MM, 9TO MeHbIIE
1/483 (0,002) ee BBICOTBHI, YTO MEHBIIE JAOIYCTHMO-
ro ImepeKoca Npu CEUCMUIECKUX BO3AEUCTBUAX IIPO-
€KTHOTO 3EMAETPSACEHUSA, IPU KOTOPOM JOIYCTHMBbIH
nepexoc cocrabaser 0,01H.

4.
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/IOTIOAHUTEABHO BBIIIOAHEHA OIIEHKA HeCyIiel

CIIOCOOHOCTH  KEA€300€TOHHBIX KOHCTPYKIIUI

BBITAKHOM TPYOBI IIPH 3a4aHHBIX DKCTPEMAAb-

HBIX HArpys3kax (C€HCMHYECKHMX H BETPOBBIX

OT CM€pHYa), IPH y4eTe NMAACTHYECKUX CBOMCTB

6eToHa M apMaTyphl, T.€. HA OCHOBE HEAHHEH-

HOTO CTaTHYeCcKoro pacdera. Ilpm sToM moay-

YEHBI CA€AYIOIIHE PE3YABTATHI:

* IIpU FOPU3OHTAABHOI HArpyske, pasuoi 90%
OT MaKCHMaAbHOM HpPH BO3JeiCTBUU cMep-
4ya KAacca F3, 30Ha mAacTHYeCKHX IIapHU-
POB PaCHpPOCTPAHAETCA HA BCIO BBICOTY KOH-
CTPYKIIUU BEHTTPYOBI, KOTOpasd IpeBpalna-
€TCS B MEXAaHU3M H B PE3yAbTaTE ITPOHCXO-
AHUT pa3pyHI€HHE COOPYAKEHHA;

® aQHAAM3 PaCYETHBIX JaHHBIX O IepeMeIleH!U-
AX, TIEPEKOCAX, MAKCUMAABHBIX CKUMAIOIUX
U PaCTATHBAIONIUX HAIPSKEHUAX B GeToHE
ITO3BOASIET CAEAATh BBIBOJ, YTO IIPU 3E€MAE-
TPACEHUH MHTEHCUBHOCTBIO 6 6aANOB IpOU-
HOCTb KOHCTPYKITUU BEHTTPYOBI obecriedena;

® IOAYYEHHBIE pacYeTHbIE JaHHBIE O IIEepe-
MEIIEHUAX, IepeKocax, 30Hax ob6pa3oBa-
HHA TpemuH B O€TOHE M 30HAX TEKY4eCTH
PacTAHYTOH apMaTyphl MO3BOASIOT CAEAAThH
BBIBOJ, YTO IIPH 3€MAETPSACEHHH HHTEHCHUB-
HOCTBIO 7 GAAANOB IPOrHO3UPYETCS paspylie-
HHE KOHCTPYKIIHU BEHTTPYOBI IIpeKge BCETO
Ha orMerkax ot +30,000 m g0 +40,000 M, a
takke or +90,000 m 10 +150,000 M.

B meaowm, 1o pesyabTaraM pacdera MOKHO CJe-

AATh BBIBO/J O TOM, YTO IpH cMepue KAacca F3

KaK U [PH CEHCMHYECKOM BO3JeicTBHU 7 Gan-

AOB IIPOHCXOAHUT pa3pylIeHHE BEHTHUAAIIHOH-

HOIt Tpy6sI OT oT™M. +30,000 M g0 Bepxa.




Ha ocHoBaHUM HCCA€JOBAHMII PEKOMEHOBAHO
IpeAIPUHATh MEPBI 110 AHKBUAAIIMH BO3MOK-
HBIX ITIOCA€/JCTBHI 3€MAETPACEHUSA HUHTEHCHB-
HOCTBIO 7 6aAAOB U cMepua Kaacca F3.
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10 TIMTAHHA MIITHOCTI I KAACY
BETOHY HA CTUCK B KOHCTPYKIIIAX

AHHOTAIIN A

B crarrti y3araapHeHO 4OCBig pob6OTH MMIOZ0 BH3-
HAYEeHH: MIIHOCTI i KAaacy 6eTony Ha cruck 6esmno-
cepeJHbO B KOHCTPYKLISAX, SIKI CTAHOBAATH IIOKa3-
HUKH OAHIEI 3 OCHOBHUX BHMOT, I0J0 3a0e3ledeH-
HA MEXAHIYHOI MIITHOCTI 1 CTIHKOCTI cropyd. Ix me
0/HO3HAYHE TPaKTyBaHHA Ha CTajldax migbopy ckaa-
Ay 6eToHY, BHTOTOBA€HHSA HPOAYKIN, €KCIAyaTarii
CHOpY/A  HPUIBOAUTL A0 KOHPAIKTY 1HTepecis
1 KOpynuiifHUX pnsmcm Mik BHpOOHUKOM OeTo-
Hy, Oy4IBEABHHKOM, IHBeCTOpPOM. Po3rasiHyro 4Ba
HiAXOAHM 4O OLIHKH MIIHOCTI 1 KAacy OeToHy: mep-
IHH — 3 eKOHOMIYHUX iHTepeciB BHpoOHHKaA 6eTo-
Hy (MOKAHBICTD €KOHOMII IIEMEHTY B HAAATO/KE€HO-
My cTabiABHOMY BUPOOHHIITBI), APYTHi — 3 IO3HII
croKuBada (3abe3nedeHHs IPOCKTHUX IIOKA3HHKIB).
[Tepmnii - 6azyeTbes Ha KoedillieHT] Bapialiii MilJHOCTI
BUIIPOOYBAHUX KOHTPOABHUX 3pa3KiB-KyOiB OerTony,
IO AEKAApYE BHPOOHUK OeTOHHOI cyMini, 1 AKHIi,
AK IOKA3aB PO3PaXyHOK 3B’SI3KYy MIK CEpeAHbOIO 1
XapaKTePHCTHYHOIO MIIHICTIO O€TOHY HA CTHCK IIpH
pi3HHX KoedirieHTax Bapiamii 1 KAacax MIITHOCTI
6eTOHY Ha CTHUCK, MOKE CYTTEBO 3MIHUTU PE3YABTATH
oninku. /lpyruii - 6a3yeTbcs Ha BUKOPHMCTaHHI eTa-
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AOHHUX 3Pa3KiB-KepHiB, Bigibpanux 6esmocepejHbo
3 KOHCTPYKIii, AKI BUIPOOGOBYIOTh 1 IHTEPIPETYIOThH
3a MULKHapogHHUM gocBigoM. Ilokasano pisHHIO,
B OIIIHKaxX MIITHOCTI IIPH BHKOPHUCTAHHAX BUOIPOK
pe3yAbTaTiB BUIPOOyBaHb YCiX 3pa3KiB y HOPIBHAHHI
A0 IapTiil, B AKUX BH/JAACHO HalMEHII 3HAYEHHS.
O6uaBa MiAX0AM NMPOAHAAIZOBAHO Ha JOCBiAl BH3Ha-
4YeHHA KAACy MIITHOCTI 6€TOHY Ha CTHCK, Ha BiA1OpaHux
3pasKkax-KepHaxX 3 IIAUTH HEePEKPUTTS 1CHYIOYOi CIIO-
pyau, ycie'l' Ta OKpeMux Ii AIASHOK; pe3yAbTaTH BUA-
BUAUCH JAaA€KO HE OJHO3HA4YHI 1 HE BIANOBIAAAUA
1poekTty. CAlg 9iTKO BU3HAYUTH CPEPU 3aCTOCYBAH-
HsI HOPM 1 CTaH,aapTlB AKI HO-IIeple, O6C/\erByIOTb
TEXHOAOTIIO 1 PUHOK BUPOOHHIITBA GETOHHOI CyMmimIi
Ta OeTOHHUX 1 3aAnizobeToHHUX BHpPOOIB, HO-Apyre,
3a0e31e4yIoTh OTPUMaHHA (AKTUYHUX XapaKTepH-
CTHK iCHyI0OYHX BHPOOIB, KOHCTPYKIiH 1 cnopys Ta
iX BiAIIOBiAHICTH HPOEKTYy. /OIIABHO, OCOOAHBO AAS
CHIopy4 HiJABUIIEHOI BIiAIOBIAAABHOCTI Ta y CHIPHUX
IHUTAaHHAX, PE3yAbTaTH, IO OTPHMAaHI 3a Iep-
UM I14X0/J40M Ha KOHTPOABHHX 3pasdkax OeTOHHOI
cyMiIi, nepeBipATH BUIPOOYBAHHAM 3Pa3KiB-KEepPHIB,
BiZIOpaHUX 3 KOHCTPYKIII.




KAIOUYOBI CAOBA: wMminHicth 1 Kaac 6eToHy Ha
CTHCK, BU3HAYEHHA MIIJHOCTI 1 KAaacy 6erony 6esmo-
CepeAHbO B KOHCTPYKIIIAX, PO3MOAINEHHA KYOHKOBOI
MIITHOCTI HA CTHCK, XapaKTepPUCTHYHA MIIHICTD,
cepeAHsA MIIHICTh, MiHIMAaAbHA MIIHICTB, KOe(IIiEHT
Bapiamii, BHUpINIEHHA CHIPHUX IHTAaHb 3 OIIIHKH
MIITHOCTI

COMPRESSIVE STRENGTH AND GRADE OF
CONCRETE IN STRUCTURES

ABSTRACT

The paper summarizes the experience of the
Department of Buildings and Facilities Structures
Research in determining the compressive strength
and grade of concrete in the structures, which
characterize one of the main requirements for
ensuring the structures mechanical strength and
stability. Their unambiguous interpretation at the
stages of concrete composition selection, products
manufacture and structures operation leads to a
conflict of interests and corruption risks between a
concrete producer, a builder and an investor. Two
approaches to the concrete strength and grade
assessment are considered: the first one reasons
from the economic interests of a concrete producer
(the possibility of cement saving at a stable well-
organized production facility), the second one takes
into account the consumer's point of view (design
indicators ensuring). The first approach is based on
the coefficient of the tested control concrete cubes
strength variation declared by the concrete mixture
manufacturer. The calculation of the relationship
between the average and characteristic compressive
resistance of concrete at various coefficients of
concrete compressive strength variation and grades
showed that this coefficient can significantly change
the assessment results. The second approach is
based on the use of reference core samples cut
directly from the structure, which are tested and
interpreted according to established international
experience. The difference in strength assessments
is shown for the cases with the use of samples tests
results selection compared to groups in which the
smallest values are removed. Both approaches are
analyzed based on the experience of determining
the concrete compressive strength grade using the
core samples from the entire floor slab in the existing
structure and from some its areas; the results were
far from straightforward and not consistent with the
project. It is necessary to clearly define the areas of
application of norms and standards that, firstly, serve
the technology and the production market of concrete
and concrete and reinforced concrete products, and
secondly, ensure obtaining the actual characteristics
of existing products, structures and facilities and their
conformity to the project. It is advisable, especially
tor the structures of the higher levels of responsibility
and in some controversial matters, to verify the

results obtained with the first approach application
to the concrete mix test specimens by testing core
samples cut from the structures.

KEYWORDS: concrete compressive strength and
grade, concrete strength and grade determination
in structures, distribution of cubic compressive
strength, characteristic strength, average strength,
minimum strength, coetficient of variation, resolution
of strength assessment controversial issues.

KAac 6eTony Ha CTHCK CTAHOBUTDH OJHY 3 OCHOBHUX
XapPaKTEPHCTUK, IO BHU3HAYAIOTh OCHOBHY BHMOTY
40 6eToHHUX Ta 3aAi306eToHHNX BUPOOIB, 6yJiBeAD i
CropyA, moao 3abe3rnedeHHs iX MeXaHIYHOI MIITHOCTI
i criiikocti. Moro Bu3Havyaiors 3a XapaKTEPUCTUYHOIO
MIIJHICTIO Ha CTHUCK CTaHJAApPTHUM BHIPOOYBAaHHAM
OUAIHAPIB abo ky6iB y Bimi 28 #i6. I'onoBHHIA ceHc
i€l XapaKTEPUCTHKHU y TOMY, IO BOHA CAYI'y€ OCHO-
BOIO B pPO3paxyHKax HEeCyd4oi 3JaTHOCTI IiJ dYac Ipo-
€KTYBAaHHA 3aAI300€TOHHUX KOHCTPYKIIil OyaiBeAb i
CHOPYA.

Icayors gBa migX0oAM A0 BHU3HAYEHHA XapakTe-
puctuk 6eToHy Ta iX IHTEpIpeTalii, o CIpUIHHEH]
MNPOTUAEKHHUMH €KOHOMIYHHMH IHT€PECAMH.

Ilepmmuii migxig BigoOpakae iHTepecH BHPOOHH-
Ka 6eToHHOI CyMmiml, AKHH IIAAXOM CTaTHCTHYHOTO
po3paxyHKy crabinizanii Bupo6HunTBa (KOedinieHTa
Bapianii MinmHOCTI GETOHHUX 3pa3KiB 3a peraaMeH-
TOBAaHHUH IIepiog) HaMaraeTbCsA 3MEHIIHTH TaK 3BaHY
«HeoOXiJHy» MIIIHICTb 6€TOHY I, AK HACAIJOK, BUTpaA-
TH MaTepiany HaiibiabmIoi BapTocTi — mementy. lle
Ma€ CEHC AAA YAOCKOHAAEHHS BHPOOHHIITBA, aA€ HE
MIOBUHHO CYIIEPEYHTH BUMOTaM IIPOEKTY Ta PE3YAbTa-
TaM APYToro mgxoday.

Iliz wac OyJiBHHLITBA BIiAIOBIAHICTH ITPOEKTY
KAacy 6eToHy 36ipHHX GETOHHHX Ta 3aAi306€TOHHUX
BHpPOOIB rapanTye BUPOOHHK — BIJIOBIAHUN 3aBOJ.
JAKicTb MOHOAITHOTO OG€TOHY 3aA€KHTL BiA JABOX
AAHOK: BUpoOHHKA G€TOHHOI CcyMimli Ta BHKOHaBIIA
6eTonnux pobir. Ha ycix eTanax gAs nigTBepAKeHHA
BIAIIOBIZHOCTI IIPOEKTY, BUTOTOBAAIOTbL Ta BHIIPO-
6yI0Th KOHTPOABHI 6€TOHHI 3pa3ku — HUAIHAPH abo
KyOu.

YuHHI HOpMAaTHBU HE OJHO3HAYHO TPAKTYIOTh BU3-
HAaY€HHA MIITHOCTI Ta KAacy 6€TOHY IPH IPOEKTYBAaHHI
ckAagy 6etonHoi cymimi aaa Gertony mnoTpibmOi
MIIJHOCTI AAA BUpPOOHHITBA 36IpHHX KOHCTPYKIIH
Ta IpH NocTavyaHHI 6€TOHHOI cyMimni Ha 6yiBeAbHHUI
MalZaHYHK JASl MOHOAITHUX pobir. Tomy, BUHHKaAE
KOHPAIKT €KOHOMIYHHX IHTepeciB MiXK BHPOOHH-
KoM OeToHy 1 6y4iBEABHUKOM YU IHBECTOPOM. AHAAI3
HEBIAIIOBIAHOCTEH, IO CTOCYIOTbCA BHU3HAYEHHA
MIITHOCTI 6€TOHY 32 KOHTPOABHUMH 3pa3KaMH, HaBITh
IpH BUKOHAHHI YCIX IPHIINCIB YUHHUX HOPMAaTHUBIB,
HaBeJeHO B pobori [1]. Bupimenna takux mnpobaem
MOKAHBE AHIIE 32 YMOBH IIE€PETAAAY 1 Y3rOAKEHHA
IJUX HOPMAaTHBIB.

Apyruii mgxig 40 BH3HAYEHHA XapaKTE€PHUCTHK
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6eToHy Ta ix iHTepmpertanii Bigobpaskae iHTepecu
BUpobHHKa O6yJiBeAbHHX BHpPOOIB, OygiBEeABHHKA
(MOHTaKHI Ta MOHOAITHI po60TH) 4H IHBECTOPA, AKUM
norpibHa fAKicTb 6eTOHY, MO (aKTHYHO BIANOBIZAE
IIPOEKTY.

Y cunipHHX BHUNAJKaX, y BIJHOBAIOBAHHX CIIOPY-
Aax, MpHU 3MiHI NPU3HAYEHHA CIOPY/J PI3HOTO BIKY
TOILIO, AAS BU3HAYCHHS XaPaKTEPUCTHYHOI MIITHOCTI
6eTOHY Ha CTHCK Ta HOro KAACy 3aCTOCOBYIOTh METO-
AW BH3HAYEHHS MiIHOCTI O6eToHy 6e3rocepesHbo B
KOHCTPYKILII, B AKHX €TAAOHOM CAYTY€ BiAO1p 1 BUIIPO-
6yBaHHs BHOYPEHHX 3Pa3KiB-KEpHIB.

[MpuiHATy  AAA PO3paxyHKIiB 6eTOHHUX
KOHCTPYKIIHM XapaKTepHCTUYHY MILHICTH O€TOHY Ha
CTMCK BM3HAYAIOTh 31 CTATUCTUYHOIO 3a0€311e9€EeHICTIO
0,95 (imosipwicTio 95 %). TobTo e MiIHICTh, HHXKYE
AKOI B 1apTii 6€TOHHUX 3Pa3KiB MOKE 3HAXOAUTHUCS
He 6iabmie 5 % pesyAbTaTiB, are I BOHH HAa MOKYTh
6yru MermuMu Hixk 4 MITa.

XapakrepucrudHa KyOHKOBa [k cuve

CTATUCTHYHO

OB’ s13aHa i3 cepeHbOI0 MIIHICTIO f,
yepe3 koedpinieHT Bapianii MitHOCTI V, (mepeTBopeHo

k,cube
3 ABH B.2.6-98:2009 [2]):

fck,cube = fcm,cuhe (1 - 1:64 Vr) (1)

Hopmu JABH B.2.6-98:2009 [2] peraamenty-
I0OTb KAAQC MIITHOCTI G€TOHYy Ha CTHCK 3aA€KHO Bif
XapPaKTEPUCTUYHOL Ta CEPeAHbOI MIITHOCTI, OCTAaHHbOI
- IIpU HOPMATUBHOMY KoedinienTosi sapianii 13,5 %.
(0,135).

3B’A30K MIK CepeiHbOI0 1 XapaKTePHCTHIHOIO
MIIHICTIO 6ETOHY Ha CTHCK, IIPH PI3HUX KoeillleHTax
Baplamii AAf KAaciB MIIHOCTI 6€TOHY Ha CTHCK,
B Mexax Big C8/10 go C25/30 3a pospaxyHKOM
aHaAITUYHOI 3aAaexkHocTi (1) mokazamo ma pmc. 1.
IIpocrexyeTncs, IO MPH TIHOTETUYHOMY HYABO-
BOMy Koe}illleHTI Bapialii cepegHsA 1 XapaKTepH-
CTHYHA MIIJHOCTI O/JHAKOBl; IPH 3MiHI HOPMATHB-
HOro KoediljieHTa Bapianii 4O MEHIIHX 3HAaYE€Hb
HAAAro/JKE€HOI TeXHOAOr (4 % AK AeKAAPYIOTH JesiKi
BupobuunTBa) abo go O6inbmmx - 20 % 1 Ginblre,

MIITHICTD

BIAIIOBIJHA XapaKTEePUCTHYHA KyOHKOBA MIIHICTB
(kaac MinHOCTI 6€TOHY Ha CTHCK) 3MIIIYIOTBCA Ha
OJUH CTYIIHb B KOKHY CTOPOHY.

Buxopucranns iHmoro koedilieHTa Bapiamnii 3a
AOBIAKOBUMHU gaHumu TabAa. 6 JABH B.2.3-22:2009
[3] abo 3a crarucTHYHOIO O6POOKOIO BAACHUX BHIIPO-
6yBaHb, a HE 3a JAHUMH BUPOOHHKA GE€TOHHOI cyMini
arigno 1. 6.7 ICTY B B.2.7-224:2009 [4], Mosxe npu-
3BECTH A0 HEBIAIIOBIZHOI OIIIHKH MIITHOCTI 6€TOHY.

Ilig vac Bu3HaveHHA MinHOCTI 6eToHy 6e3moce-
PEAHBO B ICHYIOUHX KOHCTPYKINAX 3pa3KH-KEepHU
BHOYPIOIOTh B THUX MICISAX KOHCTPYKII Je BiACYyTHA
apMaTypa, IOMYK fAKOI BHKOHYIOTb 3a JOIIOMO-
roo MarsitHoro Mmerogy. Heobxignicts 36epexen-
HS apMyBaHHA KOHCTPYKII 1 OTPHMaHHS BIABHOTO
Bi4 Hel 3pa3ska HaKAaZae BUMOTU IIOAO AlaMeTpy
KepHa, a TOBIIMHA KOHCTPYKIII — 40 HOro BHCOTH.
Tax mo, 3a tBepaxennsamM Hesiana (Adam Neville)
[6] “BunpobyBaHHA KEpHIB A€TKE y BUKOHAHHI, ane
He Aerke B iHTepupertanii’. Ta 3aBAAKH HaKOIH-
4eHOMY CcBiTOBOMY gOcBigy [6-10] peraamenTtosa-
HO mpasuAa Bigbopy Ta BHHpoOGyBaHb OETOHHHX
3paskiB-kepHiB 3a ACTY B B.2.6-176:2008 [11] Ta
ACTY B B.2.7-223:2009 [12], Ta OIIiHKH MIITHOCTI
€TAAOHHHUX 3pa3KiB-KepHIB 06€TOHy Ha CTHCK B
KOHCTPYKLIAX 1 36ipHUX 6€TOHHHUX €A€MEHTaX 3TigHO
3 ACTY B EN 13791:2013 (EN 13791:2007, IDT)
[13].

Paninre 1moBiZOMASINOCA TIPO JOCBIA IHTEpIIpeTaIiii
pe3yAbTaTiB  BHIpPOOYBaHb MIITHOCTI OETOHHHUX
KepHIB Yy BEPTHKAABHHX MOHOAITHHX HECY4HX
3aAI300€TOHHHX KOHCTPYKIIIAX KPYTAHX KOAOH Ta
IIAOHIB KapKacHOI 6yAiBAl [14].

Hasegemo mpuxnag Bigbopy 3paskiB, BH3HAYEH-
HA MinHOCTI 6eToHy Ta Ii iHTeprperyBanH#A, Oe3-
mocepejJHbo B ICHYIOUIHl KOHCTPYKIII MOHOAITHOI
3aAI300€TOHHOI IIAUTH IIEPEKPHUTTS 32 IPOEKTOM 3
6eTony kaacy C25/30, ¢popmoBaHol Ha MpoPHACTUAL
(puc. 2) i3 3aCTOCYBAHHS YUHHHUX HOPM 1 CTAHAAPTIB
Ha OJHOMY 3 00’€KTiB Oy4IBHHIITBA.

JAx BUAHO, TeOMETPHYHI PO3MIPH KepHa (glaMeTp
1 BHCOTAa) BH3HAYAIOTHCA IIEPEPI3OM Ta apMyBaH-

HAM IIAUTH IEePEeKPHUTTA (pHuC.

b

E 503 2), a camMe BHCOTA K€PHA HE MOKe
£ L a—F 6yt Ginbimolo Hik 80 MM, are i
& 40 3 BOHA IOBUHHA 3MEHIIUTUCS IIij
g 20 *———Tj_f e R 9ac BUPIiBHIOBAHH A {i0ro Topuis;
£ i |t i a JlaMeTp, 3 YypaxXyBaHHAM
g o0 :-—'__'_'__—:_':' S— a-u—8 AlameTpy OYpHABHOI aAMa3HOI
£ 1 N . L 7 KOPOHKH, He OIABIIMM TAaKOIO K
3 po3mipy.

S g BubypioBaHHSI BHKOHYBAAOCS
© o 0.05 6.1 045 82 B MICIIAX BIABHHX Bl/j apMarypH,

Koedbigient sapiays, Ve
Pucynok 1 — 3B’430K MK C€peAHBOIO 1 XapaKTEePUCTHYHOIO MIITHICTIO

6eTOHY Ha CTHUCK IIPH PI3HUX Koe(piIlieHTax Bapiamii AAA KAaciB MIITHOCTI
6eTony Ha cTuck (3HM3Y — BBEpX): C8/10, C12/15, C16/20, C20/25, C25/30

(3a Taba. 3.1 //BH B.2.6-98:2009 [2])
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AKI BU3HAYAAHUCA 3a /JOIOMOTOIO
E€AEKTPOHHOTO INYKAada METAAY
3a ACTY b B.2.6-4-95 [15] Ta
3abe3nedyeHHAM  BIANOBIAHOIO
Alamerpy Oypa — 63 mMm. Micis
BiZ60OpYy 3paskiB po3MilyBaAUCsH
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Pucynok 2 — CxeMa apMyBaHHA IAUTH IEPEKPHTTHL.
Ha o6’exri 6yaiBHHIITBA po3MipamMu B mAaHi 130X 60 m
BHIIPOOYBAHHAM HIJASATAAN TPH HE NOB’A3aHI AINAHKH
IIAUTH HEPEKPHUTTA JOBKHHOIO b M, 12 M 1 28 M, mo
6eTOHYBAaANCSA AUTOI0 OETOHHOIO CYMINIIIIO, AKY IOCTa-
YaAH Bij PI3HUX MIKCEPIB 32 AONOMOroo O0eTOHOHACO-
ca.

Pucynok 3 — 3araabHUI BUTAAA Micb Bigbopy
3paskis 6eTony 3 mAauTH y napriax 10-18

Ha KOXHIM JIASHII B OJAHY AlHIO. Burasgg wmicus
BiZ60pY 3pa3kiB 6E€TOHY 3 IAHTH HA IPUKAAAL AIAAHKH
3 y mapriax 10-18 nokasano Ha puc. 3.

AAa nposegeHHA BHUIPoOOyBaHb 3 BH3HAYEHHA
MIITHOCTI G€TOHY Ha CTHCK 3 OTPHUMAHHUX ITUAIHAPIB
6yA0 BUTOTOBAEHO 18 mapTiil 3paskis-kepHis 110 3-4
3pas3Ka y KOXHIi — BCbOro 57 3paskis.

3a pesyAbTaramu nposejeHux BUNpobysanb 6yAo0
BU3HAYEHO (PAKTUIHY MIIHICTh HA CTHUCK D7 3paskis-
KepHiB OeToHy, Bigi6paHUX 13 IIAHTH IIO
HpopHACTUAY, B T.94. 7 IIT. 13 AIASIHKH

Ne 1 - gpaskm 1-7, 11 mT. i3 AIASHKH
Ne 2 — gpaskm 8-18 1 39 wr. i3 AIAAHKH
Ne 3 — zpasku 19-57.

BizibpaHni 6eTOHHI KepHU OYAH OTASHYTI
Ha TIpeJMeT IOIIKO/KEHb 1 3pa3ku 3
TpilyuHAMu BiZOpakoBaHi.

Burasg  3paskiB-kepHiB  OeToHY i3

i rOTOBA€HUMH TOPLAMH Iepe/j BUIpoby-
BAHHSIMH IpeJCTaBAeHO Ha puc. 4. Bucora
3paskiB 6yAa B MesKax Big 57 MM g0 103 M.

Big6ip 6GeTroHHHX 3pa3KiB-KEpHIB

i1 miAroroBKy iX /o BHIpPOOYBaHb BHKOHYIOTh
srigno ACTY B B.2.7-223:2009 [12]. Ilig 4vac
BiZ6OpY 3a JOIOMOrOI0 MarHiTHOIO MeTOoAy 3a
ACTY b B.2.6-4-95 [15] BCTaHOBAIOIOTH PO3TaIIyBaH-
HA apmarypu. /lo BUunpoOGyBaHb NpHIIMAIOTh 3PA3KH,
110 BigNIOBiZa10TL BuMoram 11. 6.2 ZICTY b B.2.7-214
[16].

YMoBH IPOBEACHHS BUIIPOOYBAHD Ta
BUTOTOBAEHI 3pa3Ku-KEepPHU BiAIIOBIZAIOTH
pumoram /JACTY B B.2.7-214:2009 [16] Ta

ACTY B B.2.7-223:2009 [12].

Iliz 4Wac ompalioBaHHA pPE3yAbTATiB BHUIPOOY-
BaHb BPAXOBAHO BIZHONIEHHS BHCOTH 3pa3Kka Jo0
itoro jgiamerpa koedimienTom 3a 1. 9.3, Taba. 2
ACTY b B.2.7-223:2009 [12] Ta BpaxoBaHO jglaMeTp
IHAIHAPa MacmTabHUM KoeilieHToM 32 11. 9.5, TabA.
5 ACTY b B.2.7-223:2009 [12].

MinHIiCTh HAa CTHCK €TAAOHHUX 3Pa3KiB-KEpHIB 3a
AOIIOMOTOI0 PErAaMEHTOBAaHHX KoedimieHTis Oyaa
npusejeHa 40 6a30Boro po3mipy ky6iB 31 CTOPOHOIO
150 mmMm.

3a nepmuM migxoJoM MinHicte 6eToHy B IapTii
3pa3KiB BH3HAYAAH fAK CepeJHE apUPMETHYHE 3Ha-
YeHHs ABOX HAMOIABIIMX 3a MIITHICTIO 3pa3KiB y cepii
13 TPbOX 3pa3KiB Ta TPHOX HAHOGIABIIUX 32 MIITHICTIO
3paskiB y cepii i3 YOoTHpPBOX 3pa3kiB 3rigHO 1. 9
ACTY b B.2.7-223:2009 [12]. XapakTepUCTUIHY
KyOMKOBY MIIHICTL O€TOHY paxyBaAu 3a Popmy-
oo (1). Kaac minpHOCTI 6€TOHY HA CTUCK BH3HAYaAU
3a XapaKTepHCTUYHOIO abo cepeJHbOIO MIITHICTIO 3a
Taba. 3.1 ZIBH B.2.6-98:2009 [2].

3a apyrum migxogoM, 6e3mocepesHLO B
KOHCTPYKIii, XapaKTepUCTHIHA MIIHICTL 6eToHy Ha
cruck ouinmoBanaca sriguo ACTY B EN 13791:2013
[13] 3 BukopucranuAaM a6o metoay A (4As 15 1 6iabmae
pesyabTartis), abo merogy B (8ig 3 g0 14) 3 Bukopu-
CTaHHAM ITIOKa3HHUKIB CEPEAHbOIO 3HAYEHHA MIITHOCTI
Ha CTHCK, HalMEHIIOrOo pPe3yAbTaTy BHIPOOYBaHb,
CTAaHAAPTHOIO BIAXUAEHHS PE3YABTATIB BHUIIPOOY-
BaHb Ta KOE€QIII€HTIB, AKI 3aAeKaTh BiJ KIABKOCTI
BHIIpOoOyBaHb. BiAMIHHICTH METOAY — BPaXOBYIOTh yCi
pesyAbTaTé BUIIPOOYBAHb 1 B HapTiAX, 1 HA AIAAHKAX.

3a MeToZ0M A OllIHEHA XapaKTePUCTHIHA MIIJHICTh
Arsa obaacti  punpoOysaHb (HapTisA, JAIASHKA)
BH3HAYAETHCA AK HallMEHIIE 3 JBOX HACTYIIHHX 3Ha-
YeHb:

Pucynok 4 — Burasaj 3paskis-kepHiB 6eTOHY nepes
BHIIPOOYBaHHAMH
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fck, is = fm(n), is - 1)48 XS, (2)
abo
f ck, is = f is, lowest + 4. (3)
3a metogoM B mmozi6bno:
ffk, is = fm(n), s k, (4)
abo
fck, is = fis, lowest + 4. (5)
aek =T7axan =36k =6aran =79,k =5 ara
= 10-14.

KoAuBanH:A MiIfHOCTI 6€TOHY Ha CTHCK B OKPEMHX
3paskax (a), a cepeJHbOI MIITHOCTI 6ETOHY Ha CTHCK
B mapTifAx 3paskis (0) mokaszano Ha puc. 5. Haouno
IPOCTEKYETBCA PO3OLKHICTH MIHOCTI OE€TOHY Ha
PI3HUX JAIAAHKAX IIAHTH IEPEKPUTTA.

Posnoginenna winHOCTI 6€TOHY Ha CTHCK 3a
KIABKICTIO PE3yABTATIB OKPEMHX BHUIPOOyBaHbL Ha
BIANIOBIAHUX JIAAHKAX JAA OKPEMHUX 3pPa3KiB (a)
1 cepeaHpoi MinHoOcTi mnapriii (6) 3o6paxkeHo Ha
puc. 6. 3a popMOIO0 KPUBHX HAOAMKEH] 4O HOPMAAb-
HOTO PO3IOJINCHHS CYKYIHI PEe3yAbTAaTH BUIIPOOY-

BAHb OKPEMHX 3Pa3KiB Ha AlAsHLI 1+2 Ta AAs Bciel
IIAUTH, TOAl AK HalbiAbIIa AgIASHKA 3 CIAOIIEHA
yepe3 HU3bKY OJHOPIAHICTD OeToHY. BHURAIOUEHHSAM
HAWMEHIIUX 3HAYEHb Y HAPTIAX AOCATHYTO OIABIIY
BIAIIOBIAHICTh KPHBHUX /JO HOPMAABHOI'O PO3IOJAIAY.

PosnoginenHsa MinHOCTI 6€TOHY Ha CTHCK 3a
KIABKICTIO PE3YABTATIB OKPEMHX BHIPOOYBaHb Ha
BIAIOBIAHUX JIASHKAX JAsS OKPEMHUX 3pas3kiB (a)
1 cepeanboi MminHocti maprii (0) 3o0paxeno Ha
puc. 6. 3a popMOIO KPUBUX HAGAMKEH] 4O HOPMAAD-
HOTO PO3IOJINCHHA CYKYIHI Pe3yAbTaTH BHIIPOOY-
BaHb OKPEMHX 3pPa3KiB Ha AIAAHIN 1+2 Ta gAs BClel
IIAMTH, TOAl AK HaibiAbImIa gIAAHKA 3 CIAOIEHA
Yepe3 HU3bKY OAHOPIAHICTH HeTOHY.

AHani3 pe3yAbTaTiB BHU3HAYEHHS CEPeJHbOI 1
XapaKTEPUCTUYHOI MIIJHOCTI OETOHY Ha CTHCK, iX CTa-
THUCTHUYHHUX IIOKA3HHUKIB Ta OIIIHKA KAACy MIIJHOCTI
6eTOHY Yy MOHOAITHINH 3aAi300€TOHHIN IAHTI 1IEepe-
KpUTTA, BUIPOOYBaHHAM OETOHHHX 3Pa3KiB-KEpHIB
A KOKHOT 3 TPBOX AINAHOK, JAS TEPUIMX JBOX Ta
AAs BCIET INMTH, 3 yPAXYBAHHAM PE3YABTATIB KOKHO-
ro 3paska AAsl APYroro migxoAy 1 mapTiil 3paskiB JAs
HEePIIOro MiAX0AY HPEACTABACHO B TabA. 1.

BigokpeMAeHHSI HAaHMEHIINX 3HAYEHb B MAPTISIX
3pa3KiB IIPU3BEAO JO 3MEHIIEHHA Jlalla30HY 3HAYEHb
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Howmepa 7o40K Bigbopy Ha gineavax 1.2, 3.5, 618

Pucynox 5 — KoauBanus cepegHbol MIITHOCTI O€TOHY Ha CTUCK B OKPEMUX 3pa3Kax ()
1 B mapriax 3paskis (6)
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Pucynok 6 — PosnogineHHA MIITHOCTI 6€TOHY HA CTHCK AAS OKPEMHX 3pa3KiB (a) 1 cepeJHbOI

MIITHOCTI mapTiit 3paskis (6): —A— BcA mAUTA; X"

3 15-36 MIIa g0 20-34 MIIa. Buasunocsa AOIIALHUM
MOEAHAHHA PE3YABTATIB JAIAAHOK 1 1 2 3 gocrat-
HbO OogHOpiZHHM 6eToHOM. /liana3oH 3HAYEHb KOAH-
BaBca B Mekax 11-21 MIla gaa 3paskis i 6-14 MIla
AAad naprii. CepegHe 3HaYeHHA KyOMKOBOI MIITHOCTI
6eTony (QakTHIHE, f,, i ap SHAXOJHUAOCA y MeEKaxX
23,7-26,8 MITa aas okpemux 3paskis i 25,1-28,1 MIla
AAA TApTi 3paskiB, AAA ycCi€l IAUTH BIAIIOBIZHO
24,5 MIla 1 25,6 MI1a.

CrangapTHe QaKTUYHE BIAXHMACHHA S KOAHBANOCH
B MEKax AAd OKpeMHX 3paski 3,13-4,95 MlIla, a ara
napTiit 2,37-4,69 MITa. Koegiuient Bapiarii MirgHOCTI
B KOHCTPYKILl V¢, 3Haxogusca y Mexax 4,2-20,9 %,
Ars yciel nautun 18,3 % aAaa oKpeMuX 3paskiB 1
16,4 %, aAs napriil 3pa3kis, MO CBIAYUTH IIPO HEAO-
CTATHIO SIKICTh GETOHY B IIAHTI HIEPEKPUTTA.

BigHomeHHA Jiala3oHy 3HA4YEHb 4O CEPEeAHBOI
MITHOCTL, (fimar = [isiowes) / fem i cures B MEKaX 0,41-0,88
AAs 3paskis 1 0,17-0,56 gas mapriil, gad yciel mauTi
Bigrosiguo 0,851 0,55.

KiABKICTD CTaHAAPTHUX BIAXHAE€Hb Yy /Jlana3oHi
3HAYEHD, ([ = fisiwes) / S OYAO B Mexax 2,89-4,68
AAd 3paskis 1 1,40-3,33. Toai Ak AA HOPMaABHOTO
posnogireHHa moTpibHa iMoBipHicTH Ha piBHI 95 %
BigIIOBiZa€ Jiama3ony 4 s (Big -2 s 4o +2 s Big cepea-
HbOTO 3HAYEHHA): AAA 3pas3kis 15,562-33,44 Mlla, ara
napTiit 17,21-34,25 MITa.

KO pO3rASIHYTH BIAHOIIEHHA IOKA3HHUKIB JAA
OKPEMHX 3PA3KIB, 3 TAKIMH K AL MapTiit, (TabA. 2), 32
BUKAIOYEHHAM AIASIHKU 1 3 HEZOCTATHBOIO KIABLKICTIO
HapTiif 3pas3kis, TO cepejHA KYOMKOBA MIITHICTBL 6€To-
Hy Bigpi3HsA€TbCA Ha 5-6 %, po30LKHICTD BiAHOIIEHD
AAA IHIIAX NOKA3HHUKIB MOB’f3aHA 3 BIAXUACHHAM
PO3I0AINECHD MIIJHOCTI BiJ HOPMAaAbHOTO.

PesyapTaTH aHaAi3y 3a HepIIMM MiAX0J0M 32
ABH B.2.6-98:2009 [2] nmokazaAu, o B IIAHTI Iepe-
KPHUTTS Ha yCiX JIASHKAX, 1 B IIIAOMY, KAAC MIITHOCTI
6eTony Ha cTuck cranoButh C16/20.

MAstHKA 35 ---[ |--- glAsgHKH 142

3a apyrum migxogom 3a ACTY B EN 13791:2013
[13] omimka kAacy MinHOCTI 0€TOHY Ha CTHCK B
KOHCTPYKIIl 3a MIHIMAaABHOIO XapaKT€PHUCTHYHOIO
MIIHICTIO OKPEMHX 3pa3KiB O€TOHY Ha CTHCK, BH3Ha-
yeHa ABOMA METOJAAMU B 3AAEKHOCTI BlA KIABKOCTI
3paskiB, 6€3 BUKOPHCTAaHHA JaHUX BUpPoOHHUKa 6eTo-
Hy (KoedilieHTa Bapiarii), CTaHOBUAA A YCI€T IAUTH
takoxk C16/20, are Ha giraumoi 3 6yaa C12/15, a Ha
Alagakax 2 ta 1+2 - C20/25.

JAA moAOAaHHA CYMHIBY, IIOAO BiATIOBIZHOCTI
MiIfHOCTI 6€TOHY Ha OCHOBI CTAaHAAPTHUX BHUIPOOY-
BaHb OKpemux kepHis, ACTY B EN 13791:2013 [13]
BHKOPHCTAHO HepiBHOCTI (6) 1 (7), moao CcepesHbOro
1 HaiIMEeHIIOTO 3HAYEHHA MIITHOCTI 6E€TOHY 32 PE3YAb-
TaTaMd BUIIPOOyBaHb:

(6)
(7)

Sumy,is Z 0:85 (fais + 1,48 X 5),
f is, lowest

BuxonaHHA IMX HEpIBHOCTEHl AAA yci€l IAHTH
MEPEKPUTTA

= 0,85 (fu-4).

23,67 = 0,85 (fuu+ 1,48 X s ) =
= 0,85 (19,09 + 7,33) = 21,862,

15,09 = 0,85 (f, - 4) =
= 0,85 (19,09 - 4) = 12,826,

CBIAYHTH, O OOAACTh BUIPOOYBaHb CAlJ BBasKaTH
TAKOIO, IO CKAAJA€ThCA 3 O€TOHY, AKUH BiAIIOBiga€
KAacy MinHocTi Ha ctuck C16/20.

BukoHaHHA HOHUX HEPIBHOCTEH JAA JAINAHKH 3
IAUTH HEPEKPUTTS

24,46 = 0,85 (f.,

L+ 148 X 5) =
= 0,85 (16,34+ 6,63) =

19,52,
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Tabauma 1 - AHani3 pe3yAbTaTiB BUSHAYEHHA MIITHOCTI 6€TOHY HA CTHUCK B
MOHOAITHIN 3aAi306€TOHHIN IIAHTI IEPEKPHTTA

AINAHKH MOHOAITHOI IIAHTH HIEPEKPUTTS
IToxazHuk 1 2 1+2 3
3pa30K | IapTisl | 3pa3ok | HapTis |3pa3oK | HapTis | 3pa3okK | HapTis | 3pa3okK | mapTist

Bcesa naura

KinBKICTBh pe3yAbTaTiB
BunpoGyBaHs, n, mr.; /
Merto/ OLIHKH 3a 7/B 2 11/B 3 19/A 5 39/ A 13 57/ A 18
ACTY B EN 13791:2013
[13]

Haiimenie 3naueHHs,
Sistowes» MIa
Haiibiabnie 3nayenus,
Sismaw MITa
Jiana3oH 3HaYeHs, f
- [istowess MITa
CepeaHe 3HAYCHHA
KyOHMKOBOI MiITHOCTI

22,94 | 25,42 | 22,10 | 26,46 | 22,10 | 25,42 | 15,09 | 19,80 | 15,09 | 19,80

25,96 | 25,49 | 33,23 | 31,17 | 33,23 | 33,23 | 36,05 | 33,79 | 36,05 | 33,79

i 3,02 0,07 11,13 | 4,71 | 11,13 | 5,75 | 20,96 | 13,99 | 20,96 | 13,99

25,09 | 25,46 | 26,85 | 28,13 | 25,77 | 27,06 | 23,67 | 25,07 | 24,46 | 25,63

6erony paxTHudHe,

fcm is, cube? MHa
CrangapTHe BiAXUAEHHSA
¢axTuune, s, MIla

1,04 0,05 3,13 2,64 | 3,51 2,37 4,95 | 4,69 | 448 | 4,21

KoedimienT sapiariii mir-
HOCTI B KOHCTpYKii, V., %

4,16 0,19 11,67 | 9,38 | 13,62 | 8,76 | 20,90 | 18,71 | 18,32 | 16,44

BigHomenns jgiarnasony
3HAYEHDb 4O CEPEAHBOI
MiI—IHOCTi, (fis,mux - fis,lowesl)
/f('m is, cube>

KinbKiCTh CTaHZAPTHHX
BIAXHUAEHD Yy Aiara3oHi 2,89 1,40 3,56 1,78 3,17 2,43 4,23 2,98 4,68 3,33
3Ha4Y€Hb, (fis max _fis,]o\«'est)/s
XapakrepucrudHa

0,12 0,00 0,41 0,17 0,43 0,21 0,88 | 0,56 | 0,85 | 0,55

MIITHICTh HA CTUCK AAS
NapTiii 3paskis - 20 - 22 - 21 - 20 - 20
3a /IBH B.2.6-98:2009 [2],
Saewer =0,78 fon e MITa
KAiacc mirfHOCTI 6eTOHY

Ha CTHCK AAA TMApTiit
3paskiB - C16/20 - C16/20 - C16/20 - C16/20 - C16/20
3a Taba. 3.1

/JABH B.2.6-98:2009 [2]
1,48 X s, MIla

(arsa meToay A)

- - - 5,19 - 7,33 - 6,63 | -

—
©
3 .
*
*
*
'
}'M
—
o)
St
*
*
*
'
NO
(==}
Ot
°9)
*
'
—
(@]
0o
~
%
'

MiniMaAbHA XapaKTepHC- 19.83%
TUYHA MIITHICTD 3pa3KiB ’

6eToHy Ha CTHCK

B KOHCTPYKIII,

S i, cubes H/vM?

3amn. 7.3

ACTY B EN 13791:2013
[13]- 3a MeTogamu A1 B

26,94 %% - 26,10%* - 26,10%* - 19,04%* - 19,09%* -

Khiac minHocti 6eTony Ha
CTHCK AAA OKPEMHUX
3paskiB 3a TabA. 1 C16/20 - C20/25 - |C20/25 - C12/15 - |C16/20| -
ACTY B EN 13791:2013
[13]

IMpumitkn: 3a ABH B.2.6-98:2009 [2]: f o pe = femenve (1 = 1,64 X V) = fomewe (1 - 1,64 X 0,135) = f o e (1 - 0,22) = 0,78 f 1y cupe MITa.
Ars meroga A ACTY B EN 13791:2013 [13]: * - f o= fom is - LAS X855 % = for i = Fis towesr T #. TIpUIHATO HigKpecaeni HaiiMeni
smavenns. Jas metoga B ACTY B EN 13791:2013 [13]: *** - f o= f0) -k dek =7 onan =3-6;k =6 dnan =79k =50an =
10-14; ** - fck, is = fis’ lowest T 4.
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Tabaunsa 2 - BigHomeHHA NOKA3HHUKIB AASA CYKYITHOCTI OKPEMHX 3Pa3KiB 40 NapTil 3pa3kiB

No oKasHUK /IASTHKH MOHOAITHOI ITAMTH HIEPEKPHUTTS

.11 1 2 1+2 3 1+2+3

|| Gepeane anauens kyOukool 1,015 | 1,048 | 1,050 | 1,059 | 1,048
MIITHOCTI 6€TOHY PaKTHIHE, f . i cubes

2 CraHgapTHe BIAXUAECHHA PAKTUYHE, § - 1,19 1,48 1,06 1,07

3 KoedimienT Bapianii, V. - 1,24 1,55 1,12 1,11

4 AiaHaSOH SHAYCHD, fis max "~ fis,lowest - 2’36 1’94 1’50 1’50

5 ,Z[.lanaso'H 3HAYEHb /0 CEPEJHBO] ) 0.40 0.49 0.63 0.64
MIITHOCT], (fis max "~ fis lowest) / fcm is, cube

6 K‘L/\I)KICTI? CTaHJAAPTHUX BIAXUAEHB Yy 2.06 2,00 1,30 1,42 1.40
Alalla3oH1 3HAYCHb, (fis max "~ fis lowest) / S

15,09 = 0,85 (f, - 4) =
= 0,85 (16,34— 1) = 10,49,
CBIAYHTH, MO OOAACTh BUIPOOYBaHb CAlJ BBAsKATH
TAKOIO, IO CKAAJA€ThCA 3 O€TOHY, AKHI BiAIIOBigAE
KAacy MinHocTi Ha ctuck C12/15.
BuxonaHHA IUX HEPIBHOCTEH AAA AIAAHOK 1+2
IIAUTH IE€PEKPHTTS

25,77 = 085 (fy, i + 1.4 )
= 0,85 (20,58+ 5, 19) 90,

22,10 = 0,85 (- 4) =
= 0,85 (20,58 — 1) = 14,09,

CBIAYHTH, MO OOAACTh BUIPOOYBaHb CAlJ BBAsKaTH
TAKOIO, IO CKAAJA€ThcA 3 O€TOHY, AKMH BiAIIOBiAAE
KAacy MinHocTi Ha ctuck G20/25.

BUCHOBKHU

1. Cram HOpMATHBHHUX JOKYMEHTIB, IIJOJO
BHPINIEHHA TUTAHb MIITHOCTI 1 KAacy 6eToHy Ha
CTHCK, HOTp€6y€ HEPErAsAy ANs OJHO3HAYHOCTI
1HTepnpeTauu p€3YAbTaT1B Ta HEJONYIIEHH:
KOPYNLIMHUX PH3UKIB.

2. CAig 4iTKO BHU3HAUUTH CPEPH 3aCTOCYBAH-
HA HOPM 1 CTaHAApTIB, AKI mo-mepire o6GcAy-
TOBYIOTb TEXHOAOTIIO 1 PHHOK BHPOOHHUIITBA
6eToHHOI cymimnti Ta 6ETOHHHUX 1 3aA1306€TOHHUX
BHpOOIB, MO-gpyre 3abe3nedyioTb OTPUMaHHA
(PaKTHIHUX XapaKTE€PUCTHK iICHYIOYHX BHPOOIB,
KOHCTPYKIIH 1 crmopy/ Ta iX Bi4IIOBIAHICTD IIPO-
eKTy.

3. Ilepmmit migXig MOB'A3aHUN 3 BUTOTOBAECHHAM
KOHTPOABHUX OETOHHHUX 3pa3KiB, YMOBH BHIO-
TOBAEHHA 1 36€epiraHHA AKHX TOTOKHI TaKHUM
AKe yMoBaM JAAA OyJIBEABHHX KOHCTPYKIIH;
Apyruit — 3 Big60pOM 3pa3KiB 3 KOHCTPYKIiil
(aiameTp 1 BUCOTA K€pHA BU3HAYAETbCA YMOBa-
MU KOHCTPYKIIil, BIAUBOM pekuMy OypiHHA,
MIAIPOBKOIO TOPIIiB), PU3UKHU HEBIATIOBIZHOCTEH
B YMOBaX «KHTTA» 6€TOHY TYT BigCYyTHI.

4. Ymosu BUIIpOOOBYBaHHA 3pa3KiB KybiB 1 KEpHIB
HNPAKTUYHO OJHAKOBI.

5. IliggacinTeprpuranii pe3yAbTaTiB BUIIPOOYBaHb
BHHUKAIOTb TPYJHOMNIl IIOB’s13aHI 3 po3MipaMu
BHOIpKH (KIABKICTH 3pa3KiB); HNpPH3HAYEHHAM
HnapTii, B KOKHIH 3 AKHX BIAKHAAIOTH 3 PO3-
TASAY CAAOKI 3pasku; NPHU3HAYEHHAM HOPMa-
THBHOTO Koe(illieHTa Bapiamii MiIfHOCTI, a 3
AOCBIZOM — PO3PAXYHKOM TaKOTrO KOEPIIieHTy,
AKUU Ma€ CyTTEBHH BIIAHB Ha KIHIIEBI PE3YAb-
tatu. [lepmnii migxig nepesbadae BU3HAYEH-
HfA MIITHOCTI B TapTifAX 3paskiB; APyrHil —
CYKYIHICTh OKPEMHX 3Pa3KiB.

6. Cmoci6 po3paxyHKy cepejHbOi MIITHOCTI B
HapTifAX BaXKKO HA3BAaTH CTATUCTHYHO KOPEK-
THHM, B KOKHIH IapTil pe3yAbTaTiB BHOKpPEM-
AIOIOTBCA MEHII 3HAYEHHS, aA€ B IIIAOMY BJO-
BOABHSIOTH BUMOI'Y 95%-1i BIpOrigHOCTI.

7. PizHuns y BH3HAYeHI XapaKTePHUCTHYHOI
MIITHOCTI OG€TOHY Ha CTHCK 32 KOHTPOABHH-
MH 3pa3KaMH Ta 3a 3pa3KaMi, BigibpaHuMH 3
KOHCTPYKIIH, IOAATa€ y 3MEHIIEHI PHU3HUKIB
HEBIANOBIAHOCTEHN Y APYTOMY BHIIAAKY.

8. Pesyabrarm aHaAi3y 3a mepmuM IHigX0J0M 3a
JABH B.2.6-98:2009 [2] mmoka3aAu, 110 B IAHMTI
HEPEKPHUTTA HA YCIX AINAHKAX 1 B IIIAOMY, KAAC
MinfHOCTI 6€TOHY Ha cTUCK cTaHoBUTL C16/20.

3a gpyrum nigxogom 3a JCTY b EN 13791:2013

[13] omimka Kaacy MimHOCTI OE€TOHY Ha CTHCK B
KOHCTPYKLIl 3a MIHIMAaABHOIO XapaKTEPUCTHYHOIO
MIIHICTIO OKpEMHX 3pa3KiB 6€TOHY Ha CTHUCK, BH3Ha-
YyeHa JBOMa METOJAMH B 3aA€KHOCTI BiJ KIABKOCTI
3pa3kiB 6€3 BUKOPUCTaHHA JaHUX BUPoOHHKA 6eTo-
Hy (KoedilieHTa Bapiarlii), CTAaHOBHUAA A YCI€l IAUTH
takoxk C16/20, are Ha girsauani 3 6yaa C12/15, a Ha
AingHrax 2 Ta 1+2 - C20/25, mo nepesipeno gojat-
KOBHUMH HEPIBHOCTAMH.

B ycix Bumagxax KAac MirfHOCTi 6€TOHY Ha CTHCK HE

Bignosigas npoexktHoMmy CG25/30.

9. BBakaeMo JOIIIABHHUM, OCOOAMBO JAS CIIO-

PY4 MHigBHUIIEHOI BIAIOBIAAABHOCTI, IEPEBIPKY
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10.

PE3yAbTaTiB, IO OTPUMaHI 3a NEPHIUM
miAX0A0M, BHUIPOOYBAHHAM 3pa3KiB-KEpHIB,
BiZi6paHUX 3 KOHCTPYKIIIi.

AAs BUpIIEHHA  CHIPHUX  [HUTaHb 3
OIIIHKH MIIJHOCTI O€TOHY B KOHCTPYKIIAX 1
36ipHUX OGETOHHHUX €AEMEeHTax IIepeBa-
Iy CAl4 BigJaBaTH pe3yAbTaraM BHIpPOOy-
BaHb Oe3mocepeJHbO B KOHCTPYKINAX 3a
ACTY b EN 13791:2013 (EN 13791:2007,
IDT) [13].
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HUCIIOAB3OBAHUE MEXAYHAPOAHOTI'O

APMATYPbBI

AHHOTAIIUA

IIpeacraBaeHa pobAeMaTHKA CTBIKOBKH apMarty-
PBI BHAXAECT U C IIOMOIIBIO CBAPKH, a TAKKE AABTEP-
HAaTHBHBIN U 60A€€ TEXHOAOTHYHBIH cr1ocob ee pere-
HUSI — CTBIKOBKA C HOMOIIbIO OOKHMHBIX CO€JHHH-
TEAbHBIX MY(T.

CTBIKOBKA BHAXAECT 3apEKOMEHAOBaAA c€6 B KOH-
CTPYKIUAX C HEOOABIINMH HOMHHAABHBIMH /JHaMe-
TpaMU apMaTypbl, HU3KUM HX NPEJEAOM TEKYYECTH U
BBICOTO 3gaHUI A0 15 dTaKe.

MeTos CTBIKOBKH € IIOMOHIBIO CBAPKU SABAAETCA
6oAee YHHBEPCAABHBIM, HO €r0 IPUMEHEHHE BACUYET
3a cob0it YyAOPOKAaHHE U YCAOKHEHHE X04a BBIITOAHE-
HHA paboT 1O BO3BEJEHUIO KOHCTPYKIui. Kagecrso
BBIIIOAHEHHUA CBAPHBIX COEAUHEHHUH 3aBUCUT OT MHO-
KecTBa (PAKTOPOB U CBA3AHO C CYMIECTBYIOIIEH IIpO-
6AeMaTHKOH mpoIecca BBIITIOAHEHHA CBapHBIX cOe-
AVHEHUH.

AHaAu3 MUPOBOH NPAKTUKHU CTPOUTEALCTBA ITOKA-
3BIBAET CyIIeCTBOBAaHHE OOAEE HALEKHOIO, TEXHOAO-
THIHOTO U 9PPEKTUBHOIO METOAA CTLIKOBKU apMaTy-
pPbl — C HOMOIILIO COEAUHUTEABHBIX MY(]T (MEXaHH-
4eckoe My(pToBO€E COeJUHEHUE).

B crathe M3AOKEH ycHemrHbIi 3apy6GeKHDBIH ONBIT
IIPUMEHEHHUA MEXAaHUYECKUX COeJUHEHHUH apMaTypbl
B CIIA, Anonuu, Kurae, Kazaxcrane, OAD 1 MHOrux
APYTHX CTpaHax.

HeobxoanMo OoTMETHTDH, YTO C BBEJEHHUEM B Jeii-
creue JABbH B.2.6-98 u ACTY b B.2.6-156, sHop™ma-
THUBHO JOIYCTUMBIMU METOJAAMH COEAMHEHHUA apMa-
TYPHBIX CTEp;KHEH B YKpauHe ABAAIOTCA COe€AUHE-
HHUA BHAXAECT, CBapHble COEAMHEHHUA M MeXaHHU4Ye-
CKHe COeJUHEHUS.

HpoaHa/\I/ISI/IpOBaHI)I u CHUCTEMATHU3HUPOBAHDI

OIIBITA MEXAHUYECKOI CTBIKOBKHU

I
B YKPAHUHE

OCHOBHBLIE TE€XHHUYECKHEe TpeOOBaHUA K COEeJHMHEHU-
AM apMaTypbl, a TaKke 0OOCHOBAHBI OCHOBHBIE IIPEU-
MYIIECTBA MEXAaHHYECKUX COCJHMHEHHA. AHAAM3 MEK-
AYHAPOAHBIX M OTEYECTBEHHLIX HOPMATHUBHBIX JOKY-
MEHTOB II0OKa3aA, YTO B YKpauHE MEXaHUIECKHE COe-
AUHEHUS JOAKHBI YAOBAETBOPATL OOA€E KECTKUM
TpeOOBAHUAM.

IIpuBegenbl METOZONOTHS U PE3YABTATHI HCIIBITA-
HUI O0KUMHBIX CO€JUHEHNH apMaTypbl. PesyAbrarn
KOMIIAEKCHBIX 9KCIEPUMEHTAABHO-TEOPETUIECKHX
HUCCAEJOBAHMUI OGKMMHBIX COEAUHEHHH IO3BOAMAH
paspaboTarh psg HOPMATUBHBIX JOKYMEHTOB.

TexHOAOTHA CTBIKOBKH apMaTyphbl OIIPECCOBKOMH
MYQT HPHUMEHANACh HA MHOKECTBE CTPOMTEABHBIX
0OBEKTOB, B TOM YHCAE U B CEHICMHMYECKUX paiOHaXx.
KAIOUEBBIE CAOBA: coeauneHus apMmaTypHBIX
CTEPKHEN, COEJMHEHHE BHAXAECT, CBAPHOE COEJHHE-
HHE, MEXAaHUIECKOE MYPTOBOE COEAUHEHHE, MEXAHH-
geckoe o0KnMHOe coejunenue, Cnpyr-YKpanna

BHUKOPUCTAHHA MI’JKHAPOJAHOTO ZOCBIAY
MEXAHIYHOTO CTHUKYBAHHA APMATYPHU B
YKPAIHI

AHOTAIIA

IIpescraBAeHA HIPOOAEMATHKA CTHKYBAHHS ApMaTY-
PH BHAIYCTKY 1 32 JOIIOMOIOIO 3BAPIOBAHHA, a4 TAKOXK
AABTEPHATUBHUN 1 OIABII TEXHOAOTIYHHH croci6 it
BUPIIIEHHS — CTUKYBAHHA 32 JOIOMOIOI0 OIIPECcoOBa-
HUX 3’€AHYBAABHUX MYQT.

3’egHaHHA BHAINYCTKy 3apeKoMeHJyBaAu cebe
B KOHCTPYKIIAX 3 HEBEAHKHMH HOMIHAABHHMU
AlaMeTpaMH apMaTypH, HU3bKOIO 11 MEKEI0 IAMHHOCTI
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i Bucorowo Oyaiseab o 15 nosepxis.

MeTros CTHKYBAaHHS 3a AOIOMOIOIO 3BapIOBAHHS
€ OIABII YHIBEPCAABHHM, aA€ HOro BHKOPUCTAHHSA
TArHEe 32 co060I0 340POKYAHHA 1 YCKAAZHEHHS XOAY
BHUKOHAHHA PoOIT 31 3BeJeHHA KOHCTPYKIii. AKicTb
BHUKOHAHHSA 3BapHHUX 3’€JHAHb 3aA€KUTb Blg Oara-
THhOX (PAKTOPIB 1 OB’ A3aHA 3 icHy049010 TpobAeMaTu-
KOIO IIPOLIeCY BUKOHAHHS 3BAPHUX 3'€/JHAHb.

AHaAI3 CBITOBOI NPAaKTHKH OY/JIBHHIITBA ITOKA3y€
icHyBaHHA GIABII HAaJII{HOTO, TEXHOAOTIYHOTO 1 eek-
TUBHOI'O METOAYy 3’€JHAaHHs apMaTypd — 3a JOIO-
MOrono 3'€JHYBAABHUX MY(T (MeXaHIdHE MyPTOBe
3’6 AHAHHS).

B crarri BHKAAJeHO YCHIMIHUE 3aKOpAOHHUUI
AOCBI/ BUKOPUCTAHHSA MEXAHIYHUX 3’€4HAHb apMaty-
pu B CHIA, Anonii, Kurai, Kasaxcrani, OAE 1 6ara-
THOX IHIMUX KpaiHax.

Heo6xi4HO BiA3HAYMTH, IO 3 BBEJAEHHAM B J1I0
ABH B 2.6-98 i ACTY b B.2.6-156, nopmarus-
HO JOIYCTHMHMH METO/JAaMHU 3'€/JHAHHA apMaTypHHX
CTPHMIKHIB B YKpaiHi € 3’€JHAHHS BHAIYCTKY, 3BapHI
3’€AHAHHA 1 MEXaHIYHI 3’ €JHAHHA.

IIpoananizoBani 1 cCHCTEMAaTH30BaHI OCHOBHI
TEXHIYHI BHUMOTH A0 3'€/HAaHb apMaTypH, a TaKOX
oOrpyHTOBAaHI OCHOBHI IlepeBaru MeXaHIYHHX
3’€AHaHb. AHaAI3 3aKOPAOHHHUX 1 BITYU3HAHUX
HOPMAaTHUBHUX JOKYMEHTIB IIOKa3as, IO B YKpaiHi
MeXaHiuHl 3’€4HaHHA IMOBUHHI 3a/40BOALHATH OIABIIX
KOPCTKUM BHMOTaM.

ITpuBeseni MeTogOAOrisA 1 pPe3yAbTaTH BHIIPOOY-
BaHb OIIPECOBAHUX 3’€JHaHb. Pe3yAbTaTH KOMIIAEK-
CHUX EKCIIEPUMEHTAABHO-TEOPETHYHHUX JOCAIAKEHD
OIIPECOBAHUX 3’€AHAHb JO3BOAMAH PO3POOHUTH psjg
HOPMATHUBHHUX JOKYMEHTIB.

TexHOAOTISI CTHKYBAHHS apMaTypH OIpPeCcyBaH-
HAM MYQT 3aCTOCOBYBaAach Ha Oe3Aidl 6yJiBEABHHX
00’€KTIB, B TOMY YHCAI 1 B CEICMIYHUX pailOHaX.
KAIOUOBI CAOBA: 3’eagnaHHAa apMarTypHHX
CTPMIKHIB, 3’€JHAHHs BHAIYCTKY, 3BapHE 3'€/JHAHHA,
MeXaHiuHe MypTOoBe 3'€JHAHHA, MEXaHIYHE OIpeco-
BaHe 3’¢qHanH:A, CupyTr-YKpaiHa

USE OF AN INTERNATIONAL EXPERIENCE
OF MECHANICAL REINFORCEMENT BARS
SPLICING IN UKRAINE

ANNOTATION

The problematic of reinforcement bars splicing by
overlap tying and by the way of welding is described,
as well as alternative splicing by the mechanical
compression couplers as a way of its solution.

Lap splicing showed good results in structures with
small nominal dimensions of steel bars, low rate yield
strength and in buildings not higher than 15 floors.

Welding is the more flexible method of steel
bars splicing but its use brings to rising costs and
complicity of construction work. The quality of
welded splices depends on many factors mainly on
the existing problems in welding process.
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The analysis of world construction practice shows
a more reliable, technological and effective way of
splicing reinforcement bars it means the use of
connecting couplers i.e. mechanical rebar coupling.

Successful international experience of applying
mechanical steel bars splicing in USA, Japan, China,
Kazakhstan, UAE, etc. is described.

It must be noted that with the advance of the
enactment of DBN V 2.6-98 and DSTU B V.2.6-156,
standard acceptable methods of steel bars splicing
in Ukraine are lap splicing, welded connections and
mechanical splicing.

General technical requirements of the connections
of reinforcement were analyzed and systematized, as
well as general advantages of mechanical splices were
proved.

Analysis of international and native regulations
showed that in Ukraine it should be taken more
strict requirements for mechanical splices.

Methodology and test results of mechanical splices
were covered. A number of regulation documents
were developed as a result of large scale theoretical
and experimental research of mechanical connections.

The technology of coupling of reinforcement bars

was applied at many construction projects as well as
in seismic regions.
KEY WORDS: reinforcement bars connections,
lap splicing, welded splice, mechanical coupler
connection, mechanical swage connection, Sprut-
Ukraine

BBEAEHHE

Ha npotsaxeHun MHOTHX AE€T CO€JMHEHHUS apMa-
TYPHBIX CTEPKHEH BHAXAECT M € IOMONILIO CBAPKH
CYUTAANUCH 9PPEKTUBHBIMH M ®KOHOMHYHBLIMU METO-
JAaMHU CTBIKOBKH.

CTBIKOBKA BHAXAECT IOApa3yMeBaeT 1o coboil
COEJUHEHHUE apMaATypPhl BA3AABHOM IIPOBOAOKOWH,
KOT4a YCHAME OT OAHOIO apMATypHOIO CTEPKHA K
APYromMy nepejaercs 3a C4eT CHA CIENAEHHA C OKPY-
xatomuM 6etoHoM. /aHHBIH METO/ CTBLIKOBKH 3ape-
KOMEHJOBaA ce0s B KOHCTPYKIIUAX C HEOGOABIIH-
MH HOMHHAABHBIMU JHAMETPaMH apMaTypbl, HHU3-
KHUM HUX IIPEAEAOM TE€KYyYe€CTH M BBICOTOH 34aHUH 10
15 sraxeii [1]. Ognako mpu AaHHOM METOJE CThI-
KOBKH IOABAAETCA 9KCLEHTPUCUTET Iepejadd yCH-
AMH MEXKJAY aPMATyPHBIMH CTEPKHAMH, YCAOKHAET-
ca nponecc 6€TOHMPOBAHUA KOHCTPYKITUU, BO3ZHUKA-
€T Iepepacxo] apMaTyphl 3a CYET Neperycka CTepiK-
Hell U B psAJe CAyYaeB BO3HHKAET HEOOXOAMMOCTH B
YCTAHOBKE JOIIOAHHUTEABHOTO IOIIEPEYHOIO ApMHUPO-
BaHHA B 30HE CTHIKOBKH. HO T'AaBHBIM HEZ0CTaTKOM
CTBIKOBKH BHAXAECT, OCOOEHHO IPH €€ HCIIOAL30Ba-
HUU B CEHCMMYECKHM ONACHBLIX PErHOHAX, ABAAETCH
3aBUCUMOCTb IIPOYHOCTH CTBIKA OT IIPOYHOCTH OKpPY-
Katomiero cTelk Oerona. MmenHno mosToMmy, B 30HaxX
C NOBBIIECHHOM CEUCMMYHOCTBIO, CYIIECTBYIOT OTpa-
HUYEHHUA I10 HCIIOAB3OBAHMIO CTBIKOBKM apMaTypbl
BHAXAECT.




MeTos CTBIKOBKH € TOMOIILIO CBAPKH SABASETCS
6oree YHUBEPCAABHBIM, HO €rO HNPUMEHEHHE BAEYET
3a coboli ya0poXKaHUE U YCAOKHEHHE XOJa BBIIOA-
HeHuA paboT 10 BO3BEAEHMHIO KOHCTpPyKHuil [2].
KauecTBO BBINTOAHEHHUSA CBAPHBIX COEJMHEHUN 3aBH-
CHUT OT MHOKeCTBa (PAKTOPOB M CBA3aHO C CyIle-
cTByIOIlEeH NMPOOAEMATHKOH Ipollecca BHIMTOAHEHHSA
cBapHLIX coejuHeHnii. HectaBMABHOCTh XUMHUYECKUX
CBOHCTB CTaAM BAMAET HA  CBAPHBAEMOCTH apMa-
TYPHBIX CTEP/KHEH M CTPOUTEABHBIM KOMIIAHHAM
BCE CAOKHEE HAXOJHUThH BLICOKOKBAAM(UIHPOBAHHBIX
cBapmuKkoB. IToMHMO ®TOro, CymIeCTBEHHBIM HEJO-
CTATKOM JAaHHOTO MeToJa fABAAETCSA OOAbIIAS TPYAO-
€MKOCTh paboT MO CTBIKOBKE M KOHTPOAIO KadecTBa
BLITIOAHEHHBIX coejuHeHuii. Ob6menpusHaHo, 9To
CBapHOE COEJWHEHHE, KaK CIoco6 PaBHOIMPOYHOTO
CTBIKOBAHHS CTPOUTEABHOH apMaTyphl HE HMEET Tep-
crexkTus [3].

AHAAM3 OCHOBHBIX UCCAEZAOBAHHUM

MeRAYHAPOAHBIH OIIBIT CTPOMTEABCTBA IIOKA3bl-
BaeT, 4To mpu ObicTpopacTymux obbemax IpHUMe-
HEHUS MOHOAHMTHOTO KeAe300eTOHa COBpeMeHHbIe
3AaHuA HepeJko mpesbimaoT 100 staxkeit u 6oaee.
Cpean HUX CTOUT OTMETHUTHh Takue HeHGOCKpeObl Kak
Burj Khalifa (828 m., Ay6aii, OAD), Shanghai Tower
(632 m., lllanxaii, KHP), Abraj Al Bait (601 m., Mekka,
Cayaosckas Apasus), Ping An International Finance
Center (599 wm., lllenvwkenn, KHP), Lotte World
Tower (555 M., Ceya, lOxnaa Kopes), Freedom
Tower (541 wm., Hb}0-1710p1<, CIlTA), CTF Finance
Centre (530 wm., I'vamwxkoy, KHP), Taipei 101
(509,2 M., Taiiboii, Tatirans) u gpyrue. M1 B Takux
YCAOBHAX HPHOPUTETHLIM IIPU BBIOOPE TEXHOAOIHH
BO3BEJAEHUA APMATYPHBIX KAPKACOB ABASAETCA HE CTO-
UMOCTb UX H3TOTOBACHHSHA, a dKCIAYaTAllMOHHAasA 6e3-
OIIACHOCTb COOPY’KEHHUs B TE€YEHUE BCETO IPOEKTHO-
IO CPOKA CAYKOBI.

B kavecrse pabodeil apMarypbl HECYIIUX KOH-
CTPYKUMH TaKuUX 3JaHUN HCIIOAB3YIOTCS CTEPKHH
AuameTpoM oT 25 MM u 6oAee. HcrioAb30BaHUE BBICO-
KOIIPOYHOro OG€TOHA IO3BOASET YMEHBIIHTH JAAHHY
HeperycKa CTePKHEl IPH CTBIKOBKE BHAXAECT, HO HE
A06aBAAET HAZEAKHOCTH KOHCTPYKIIUH, TaK KaK C yBe-
AMYEHUEM IIPOYHOCTH OETOHA BO3PACTAIOT M CHABI
€ro pacTpecKUBaHUA.

MHOro4rMcA€HHbIE UCCAEAOBAHUS B 0OAACTH coe-
AWHEHHA apMaTypbl BHAXAECT IIOKA3aAU, 4YTO IPH
CTBIKOBKE apMaTypbl 6oApmux guamerpos (ot 40
MM) CHAQ UX CI[EIIA€HHsI ¢ 6ETOHOM HACTOABKO BEAH-
Ka, 9YTO MOKET IIPUBECTH K pacKaAblBaHUIO O€TOHA H,
KaK CA€JCTBHE, Pa3pyIIEHUIO KOHCTPYKOHUU. B cBoio
odepelb PEe3yAbTaTBl HCCA€JOBAHUM HAIIAM OTpa-
JKeHue B HopMaTuBHOM gokymente ACI 318-14 [4].
Coraacuo 1m.25.5.1.1 ACI 318-14 coegunenue BHaX-
AECT 3aIPEHIEHO JAS CTBIKOBKH apMaTypsl JHaMe-
TpoM 6oree 40 MM, BOCHpPHHHMAIOIIEH B IIpoljecce
9KCIIAYaTaIlUH KaK C/KaTble, TAK M PaCTATHBAIONINE
HaNpsKEHUA B KOHCTPYKOuU. JaHHBINM MOAX04 OTO-

6paxeH M B YKpPaMHCKHX HOPMAaTHBHBIX JOKYMEH-
tax. Taxk, coraacno n.7.3.4.4 /ICTY b B.2.6-156 [5],
crep:kHU OOABIIHX AuaMeTpoB (6oree 32 MM), Kak
IIPABUAO, HE AONKHBI COCAUHSATHCSI BHAXAECT, YTO
CBA3AHO € OOABIINMU CUAAMH PACTpeCcKUBAaHUSA GeTo-
Ha. A coraacuo 11.7.6.11 u n.7.7.8 IBH B.1.1-12 [6]
U BOBCE 3AIPEINAETCSI HCIIOAB30BAHHE COEAHMHEHHIA
BHAXAECT IIPU BO3BEJCHUU KOHCTPYKLIMH B paiioHax
c ceficMuuHOCTBIO 6 6aAroB u 6oree, Tpu AnameTpe
CTEepsKHEH apMaTypsl H apMaTypPHBIX Kapkacos 6oaee
22 MM.

Haamdme npucymux CBApHBIM COEJHHEHHSAM HU
COEMHEHHAM BHAXAECT HEAOCTATKOB, a TaKKe IIPo-
€KTHPOBAHUE COBPEMEHHBIX, KOHCTPYKTHBHO GoAaee
CAOMKHBIX 3JaHHH M COOPYKEHHUH 3aCTABASET MPOEK-
TUPOBIIUKOB PAacCMAaTPUBATh AABTEPHATHBHbBIE CIIO-
cO6BI CTBIKOBKH apMaTyphl.

IIOCTAHOBKA 3AJAYHN

AHaAU3 MHPOBOM MPAKTHKU CTPOUTEABCTBA TOKa-
3pIBACT CyIIeCTBOBAaHUE OGOAee HAZEKHOTO, TEXHONO-
IMYHOr0 U 9(PPEKTUBHOrO METOJA CTHIKOBKU apMa-
Typbl — C TOMOIIBIO COEAUHUTEABHBIX MYPT (Mexa-
HU4Yeckoe MyPpToBoe coegunenue) [7]. BoabmnucTBO
MoAO0OHBIX COEAMHEHUU COCTOSAT U3 MYy(THI, BBIPAB-
HHUBAOIIEH U yJep;KUBalomieii apMaTypy B Heo6Xog1-
MOM TTOAOKEHHH. MeXaHHJecKoe CoeJHHEHHE apMa-
TYPHBIX CTEpP:KHEH OCYHIECTBASIETCSI TPH MOMOIIH
pe3bOOBBIX My(PT, O6KMMHBIX, BUHTOBBIX, OOATOBBIX,
KOMOMHHUPOBAHHBIX U MY]PT 3aTIOAHEHHBIX PACIIAAB-
A€HHBIM METAAAOM, II€MEHTHBIM TECTOM HAH KAee-
BBIMH COCTaBaMH [8]. DTOT METO/A AHIIEH HEJOCTaT-
KOB, NPHUCYIIUX METOJAM CBAPKHU U HAXAECTa, YTO
MOATBEPKAAECTCSI MHOTOYHCAECHHBIMU AAOOPATOPHBI-
MU HUCHIBITAHUAMH My(PTOBBIX COEAUHEHUN U MPAKTH-
YEeCKUM HUX NMPHUMEHEHHUEM IPHU CTPOUTEABCTBE O0B-
€KTOB IOBbIIIeHHOU oTBeTcTBeHHOCTH (ADC, TOC 1
T.A.), BBICOTHBIX 3/JaHUI, MOCTOB, TOHHEAEH, T.€. KOH-
CTPYKLIMH, BOCHPHUHHUMAIONIUX HE TOABKO CTaTH4e-
CKME€ HATrPY3KHM, HO M 3HAKOIEpPEMEHHbIE (JUHAMH-
Yeckue). 9Ta TEXHOAOTHSA YCIIENIHO IPUMEHAETCA BO
MHorux crpa”ax mupa. Cpeau nux CIIA, Anonus,
Kwuraii, Kazaxcran, OAD, Poccus u mHorume apy-
rue. MexaHu4yeckne coeJUHEHUA NPUMEHAAUCDH NPHU
crpouteAbcTBe Hebockpeba Burj Khalifa (Jy6aii,
OAD), 6amen Petronas Twin Towers (Kyara-Aymmyp,
Manaiisus), naorunasl Macagua Dam (Benecyeana),
beroapckoit ADC (Poccusd), rugposAeKTpOCTaHIMN
Sendje (9xBaropuarbHasg I'BUHEs) B MHOTHX APYrUX
obbexToB (puc. 1 —4).

OCHOBHOU MATEPHAA

C BBegenueMm B geiicteue /IBH B.2.6-98 [9] u
ACTY b B.2.6-156 [5], HOpMAaTHBHO AONYCTHMBI-
MU METOJAMH COE€JHHEHHS apMaTyPHBIX CTep:KHEH B
YKpauHe ABAAIOTCA COEJUHEHUA BHAXAECT, CBAPHbBIE
COeJUHEHHUs U MeXaHUYeCKue coeJquHeHus, obecrie-
YUBalOIHE Iepesady HArpy3kH IPH PacTAKEHHH-
CKATUH UAH TOABKO IIPH CKATHH.
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H 3aech crouT oOpaTUTh BHUMAHHE HA TEXHUYeE-
ckue TpeboBaHus, IPeAbsIBASIEMbIE K MEXAHHIECKHM
U CBAPHBIM COeJAHMHEHUsIM apMarypbl. TpeGoBanus k
COCAMHEHHSAM BHAXAECT OTCYTCTBYIOT, TAK KaK IPOY-
HOCTb OCHOBAHA HA COBMECTHOI pabore ¢ 6eTOHOM.

Tpebosanue 1n.2.14 ACTY b B.2.6-168 [10] x
CBapHBIM COCAUHEHUSIM apMATypPbl IPU HCIBITAHUAX
Ha PACTsDKEHHE IpejcTaBAeHbl B TabAaune 1.

Tabanna 1
3nauenue R, H/mm® C=C/ o,
R=39 C=0,900,
39=<R=78 C=0,950,
78=<R=<118 C=o,

rge R — pasmax 3HaYeHUi npejeAa IpoOYHOCTH CBAp-
HBIX coejquHeHuii; ( — cpegHee 3HAYEHUE IPeJeAd
HNPOYHOCTH CBAPHBLIX CO€JUHEHHUN; 0, — XapaKTepu-
CTUYECKOE 3HAYEHHE BPEMEHHOrO CONPOTUBACHUA
apMmatypsr o JCTY 3760 [11].

N3 agannOoro TpebOBAHUA MOKHO CAEAATH BBIBOJ,
YTO HOPMATHUBHO JOIYCKAETCA CHHKEHHE IPOYHO-
ctu ceapHoro coeaunenusa o 10% mno cpaBHeHHIO
C  XApaKTePHCTUYECKUM 3HAYEHUEM BPEMEHHOIO
CONPOTHUBAEHU apMaTyphl. JanHoe cMArdenue tpe-
60oBaHMIl ¢ y4eTOM HEJOCTATKOB, O KOTOPBIX YIOMU-

\llllllllllllll'|'J'lll'll"ll.'lll!ll.!rr'bq-

Pucynok 3 — berosapckaa ADC (Poccus) Pucynox 4 - Petronas Twin Towers
(Manaiizns)
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HAAOCh paHee, He 400aBAsIeT HAAEKHOCTH KOHCTPYK-
LIUH.

Tpebosanus 1m.18.2.7.1 ACI-318 k Mmexanude-
CKHUM COCAUHEHHSM IIPU HCIBITAHHAX HA PaACTsKe-
HUeE IIpeJCTaBACHbI B TabAuLe 2.

Tabanna 2

Tum 1 Tum 2

=125/, c>f

rge C — mpejeA HPOYHOCTH MEXAHUYECKOTO COEAU-
HeHHs; f, — XapaKTePUCTHYECKOE 3HAYEHHE MpeJena
TEKY4ECTH apMarypsl; f; — XapaKTepPUCTUIECKOE 3HA-
YeHUE BPEMEHHOIO COIIPOTUBACHHUS APMATYpPBhI.

TpeboBaHus K MEXaHUIECKUM COCAUHECHHSAM apMa-
TYpbl IIPH HCHBITAHUSAX HA PACTsUKEHHE B YKpaHHE
[12, 13] npegcraBAeHBI B TabAHIIE 3.

Tabanna 2

C>0;

6

A<0,lmms

8,225

rae C — npegeA IPOYHOCTH MEXAHUYECKOTO COe/JUHE-
HUS; 0, — XapaKTEPUCTUYECKOE 3HAYE€HUE BPEMEHHOTO
conporusaenus apmarypst mo ACTY 3760 [11]; A
— 4e(pOPMATUBHOCTh COCAUHEHUS; §, — PABHOMEPHOE
OTHOCUTEABHOE YAAMHEHHE COCJUHEHUS TOCAE MCIIbI-
TAHUS Ha PacTsKEHUeE.

AHAAU3 MEXK/YHAPOJHBIX H OTE€YECTBEHHBIX HOP-
MATHUBHBIX JOKYMEHTOB IIOKa3aA, 4TO B YKpauHe
MEXAHHUYECKHE COEJUHEHUSA JOAKHDBI YAOBAECTBOPATh
6oree KecTKUM TpeGOBAHUAM.

Cpean Bcex THUIIOB My(pTOBBIX CO€AUHEHHH Ha
TEPPUTOPUU YKPAHMHBI HAUOOABIIYIO HMOIYASAPHOCTD
13-3a CBOEH IPOCTOTHI BBIIIOAHEHHUA H yA00CTBA KOH-
TPOAA KadecTBA, TEXHOAOTHYHOCTH U 9KOHOMHYHO-
CTH, 06peA MEeTO/ CTBIKOBKH apMaTypbl IyTeM ob:xa-
THA CO€AUHUTEABHBIX MYyPT. CyTh METOAA COCTOUT B
00KaTUH METAAAMYECKOM MYy(TBI, HaIlOMHHAIOMIEH
1o popMe OUAUHAP, KOTOpasd 04€BAETCSA HA apMaTyp-
Hble cTepKHU (puc. 5 u puc. 6).

Pucynok 5 — Mexanudeckoe coeAUHEHUE apMaTyPEI
AUaMeTpoM 28 MM, BBIIIOAHEHHOE ITyTeM 00:KaTus
COEAUHUTEABHON MY(PTDI

Pucynok 6 — IIponecc MoHTaxa 06KUMHBIX
coeguHenuit Cpyt

Mexanndeckue 00KUMHBIE COeAUHEHU obecrieun-
BAIOT JAASI CTPOUTEAEH CAEAYIONIHE IIPEUMYIecTBa:
YAYUYIIEHHAsl IPOYHOCTb  KOHCTPYKIJUH.
MexaHudyeckue coeguHeHus1 o0ecledyuBaioT COoOo-
CHOCTb A€HCTBHA HArpy3ok HE3aBUCHMO OT COCTOs-
HUs UAU Haaudus 6erona. HagexHocTs B 30HE BO3-
MOKHOH gepopMalluy rapaHTHPOBaHA, Tak Kak JaH-
Hbl€ COEJUHEHHUA IPU PaCTAKEHHU PaBHOIIPOYHBI
neAbHOH apmatype (C=0p). B ceficMuyeckux 30Hax
MEXaHHYECKHE COEAUHEHUS COXPAHAIT CTPYKTYp-
HYIO IJEAOCTHOCTb, JaKe KOTJa HaIpSKEHHE CTepiK-
Hell HaxXoAWUTCA 3a IHpeseAaMH OOAACTH YHPYTHX
Aepopmanuii;

CcTabUABHOE KAa4eCTBO COEeJUHEHUM, HE 3aBHCS-
mee OT KBaAUQUKALIMU IIEPCOHAAA H OKPYKalo-
e cpeanr;

YCTOMYHBOCTb K AHUHAMUYECKHM HaTPy3KaM IpH
TEXHOTC€HHBIX HAH IPUPOJHBIX IBACHUAX;
CHUKEHHE II€PEHACHIIIEHHOCTH KOHCTPYKIIHH
apMaTypoii 10 CPaBHEHHIO CO CTBIKOBKOI apMa-
TypPBI BHAXAECT;

YMEHBIIEHHE CPOKOB MOHTaKa apMaTypPHBIX
KapKacoB.

K megocratkam OGKUMHBIX CO€JUHEHHIH MOKHO
OTHECTH OIPAHHYEHUA IIPH CTLIKOBKE I'YCTO PACIIOAO-
KEHHBIX apMaTYPHBIX CTE€pP:;KHEH, BpI3BaHHbIE raba-
PHUTHBIMH pa3MepaMu o60pyAOBaHUA, a TAKKE HEBO3-
MOKHOCTBIO CO€JHHEHHA I'AQJKOH apMaTyphl (apMa-
Typsl 6€3 ITOIEPEYHBIX BBICTYIIOB).

Hauunas ¢ 2007 roga, kommnanust Crpyr-
YKpauHa, COBMECTHO CO CHEIIHAAHCTaMHU
HHMHMCK u HHMHCII paspaborara, BHe-
APHAQ M AKTUBHO pAaCIIHPsET BO3MOXKHO-
CTH NPUMEHEHUS B KEAe300€TOHHBIX KOH-
CTPYKIIUAX TEXHOAOTHHM CTBIKOBKH apMa-
TYPHBIX CTep:kHed AumamerpoM or 16 go
40 mMm Kaaccos A400C u AB00C, coraacHo
ACTY 3760 [11], meTogom obxkaTus coeau-
HUTEABHBIX MY(T.

O6:xkaTHe OCYHMIECTBASAETCA IPHU IIOMO-
U IEPEHOCHOTO T'UAPABAHYECKOTO HHCTPY-
MEHTA, COCTOSIIEro U3 HACOCHOHN CTaHIIHH,
006KMMHOTO IIpecca M CMEHHBIX IITaM-
OB JAA KakJOTOo THUIOpasMepa My(QTHL.
OTAHYUTEABHOU OCOOEHHOCTBIO TEXHOAO-
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TUU ABAAETCA TOT PAKT, YTO MyPTa IocAe o6KaTHA
obpasyer mecrurpaHauk. [lo MHeHHIO 3aragHBIX
CHEIUAAUCTOB UIMEHHO JaHHasA Popma obxatus obe-
CIIEYUBAET IIOAHOE IPHUAETAHHE MY(PTHI K apMarype,
o6pa3ys eJUHBII IEABHBII DA€MEHT.

CTOUT OTMETHUTD, YTO HA 9Talle BHEJPEHUA TEXHO-
AOTHHU OBIAHM IIPOBEAEHBI PAJ UCHBITAHUI 06AKMMHBIX
MY(]TOBBIX COEJHHEHHI B MPOPUABHBIX OPraHHU3AIIH-
ax (HMHUCK, AkageMusa CTPOMTEABCTBA Y KPAHHBI).
MeToAMKHN HCHOBITAaHUH OTBeYaAH TPeOOBAHUAM Kak
ykpaunckux (I'OCT 12004 [14], ACTY b B.2.6- 168
[10]), Tak m Mexxgynapogubix (ISO 15835 [15]) mHop-
MaTHUBHBIX JOKYMEHTOB. CXe€Ma M Pe3yAbTATHI UCIbI-
TAaHHH MEXaHHYECKHUX OOKHMHBIX CO€JHMHEHHI IpH-
BeJ€HBI HA pUC. 7 U puc. 8.

Pucynok 7 — CxeMa HCHBITAHHI MEXaHHYECKHX
00KUMHBIX CcOeAUHEeHU

L6=1+2du

rge [ — ganna MyQrsl; L; — 6a3a uamepenus gedpopma-
TUBHOCTH; d,— HOMHHAABHBIH JHAMETP COCAUHAEMO-
IO CTEPAKHA.

Hcnbitanusa o6KMMHBIX CO€JUHEHHUH TOKa3aAH,
YTO paspylieHue BcexX oOpasoB IPOHUCXOAUAO MO
OCHOBHOMY METAAAY OJHOTO U3 COEAUHAEMBIX CTEPIK-
Hel, Ipu 9ToM IpegeA NpodHocTH coegunenuii C Bo
BCEX CAYYasX IPEBBIIIAA XAPAKTEPUCTUYECKOE 3Ha-
YEHHUE BPEMEHHOIO COINPOTUBAEHUSA apMaTypPHOIO
IIPOKaTa COOTBETCTBYIOLIErO KAacca, T.€. COeJuHe-
HUE BEAO ce0s1 KaK IIeAbHBIH apMaTypHBIN CTEP/KEHD.
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Pucynok 8 — XapakTep paspylmeHus MexXaHude-
CKUX O0KMMHBIX CO€AUHEHUIH

Pucynox 9 — Carnegie Center» (r. Kues)




/AepopMaTHBHOCTL COEAMHEHUH A He NpeBbIIIAAA
suadenus 0,01 mm.

CAegyeT OTMETHTD, YTO BCE NIPEUMYIIIECTBA HOBOM
TEXHOAOI'HH CTBIKOBKHM apMAaTyphl YK€ Ha IPAKTHKE
OILIEHUAH BEeAYIIHE CTPOUTEAbHBIE GUPMbBI Y KPAHUHDI.

AR P
i _.‘c"g{{*'

Pucynoxk 11 — MexayHapoaHblil asponopt
«AbBOB» (I'. ABBOB)

Pucynoxk 12 — OteAbHBIH KOMIIAEKC «Swissotel
Odessa» (1. Ogecca)

TexXHOAOTHUS CTBIKOBKH apMaTypbl OHpCCCOBKOﬁ MY(I)T
HNPpHMEHAAACh HA MHOKECTBE CTPOUTEAbHBIX 006b-
€KTOB, B TOM 4YHMCAE€ U B CeICMHUYEeCKHX pafIOHaX.
HpI/IMCpr HEKOTOPbIX U3 HHUX IIpUBEACHBI Ha PHC.

9-12.

BbIBO/bI

Pe3yAbTaTbl KOMIIAEKCHBIX 9KCIEPHUMEHTAABHO-
TEOPETHYECKUX HCCAE€JOBAaHHH OOKHMHBIX
AUHEHUU  TO3BOAHMAH  CIIEIITHAAMCTAM  KOMIIa-
nun  «Cnpyr-Ykpauna» u  HHMCIT paspabo-
TaTh TEXHHUYECKHE YCAOBHA Ha crocob coeju-
"Heausa — 1Y Y B.2.8-45.2-35641811-001:2008 [12],
TEXHUYECKHE YCAOBHUA Ha MY(THI
TY ¥ B.2.7-45.2-35641811-002:2008 [16] u meToau-
YECKHE PEKOMEHJAIIMU I10 MEXaHHUYECKOMY COe/JH-
HEHHUIO APMATYPHBIX CTEPKHEH ONpPECCOBbIBAHMEM
Myt [17]. DTH ZOKYMEHTBI COAEPKAT BCIO HEOOXOAH-
MyI0 HHPOPMAIHIO AAS HPOEKTUPOBAHUA M KOHTPO-
ASl BBIIIOAHEHHUS COE€JMHEHHH apMaTypbl OIPECCOB-
KOH COeMHUTEABHBIX MY(T.
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FEATURES OF SIMPLIFIED CALCULATIONS
FOR EXISTING BUILDINGS CIVIL

STRUCTURES SURVEYS

(ADMISSIBILITY AND VALIDITY ISSUES)

ABSTRACT

The relevance of the discussed problem is shown.
The recent researches and publications on the topic
are analyzed. The tasks are developed for the specified
goals achievement. For the most commonly used load-
bearing structures the specific features of simplified
calculations in the process of buildings and structures
technical state inspection are considered. The civil
structures simplified calculations are classified and
systematized. The simplifications systematization and
their admissibility justification are carried out, which
promote the achievement of the calculations reliability
and efficiency maximum level. The simplifications in
the design schemes drawing up and existing loads
and impacts determination, as well as the simplified
calculations execution are analyzed. The area of
simplified calculations admissibility is identified.
The algorithm (stages) for civil structures simplified
calculations is developed. Some example questions to
a forensic expert are considered. The questions can
be predicted and resolved based on the materials of
this paper by means of the civil structures simplified
calculations in the course of civil engineering forensic
studies. Recommendations for further researches

on the topic are provided. The study purpose is to
substantiate the simplified calculations permissible
range for the most commonly used load-bearing
structures. The scientific novelty of the work is
that for the first time the validity, admissibility and
systematization problems of the load-bearing civil
structures simplified calculations are considered. The
study results are of practical importance for the
construction engineering researches on the structures
technical state assessment and forensics examinations.
KEY WORDS: design scheme, loads and actions,
supportlinks, survey, defects and damages, limit states,
existing development, simplifications systematization.

OCOBEHHOCTH YIIPOIIEHHBIX PACYETOB
ITP1 OBCAEJOBAHHH CTPOHUTEABHBIX
KOHCTPYKIITUN CYIMECTBYIOIIHUX
34AHHN (IIPOBAEMBI JAOIIYCTUMOCTH H
OBOCHOBAHHOCTI)

AHHOTAIINUA
OTMedeHBbl TE3HCHl AKTYaAbHOCTH PacCMaTpH-
BaeMbIX NTpoOAeM. BBIMOAHEH aHAAM3 IMOCAEJHUX
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HCCAEZOBAHUU U ny6/\I/IKauHﬁ 0 ZAaHHOH TeMaTHKe.
Paspaboransl 3a4auu AAd JOCTH;KEHHA IIOCTABAECH-
HOH 1eAn. PaccMoTpeHbl 0COOEHHOCTH NMPOBEAECHU S
YIPOIIEHHBIX PACYETOB HAMOOAEE YACTO HMCIOAb3ye-
MBIX HECYIIMX CTPOUTEABHBIX KOHCTPYKIIUI B ITporiec-
ce 06cAeZI0BAHNS TEXHUYECKOTIO COCTOSIHUS 34aHUI U
coopyxkeHuil. IlposeseHa KaaccMPUKALIUA U CHCTE-
MATH3AIUsl YIPOUEHHBIX PACYETOB CTPOUTEABHBIX
KOHCTPYKIUH. BhIlmoAHEeHA cucTremMaTusaius yrpoiie-
HHIl 1 060CHOBaHHE UX AONYCTHMOCTH, YTO CIIOCOD-
CTBYET JOCTHKEHUIO MAKCHUMAABHOIO YPOBHHA [JOCTO-
BEPHOCTH M OIEPATHBHOCTU pacdeTos. IIposesen
AHAAU3 YIPOIIEHUH IPH COCTABAEHHH PACYETHBIX
CXeM, ONPEAEAECHHH AEHCTBYIOIIUX HATPy30K M BO3-
AEHCTBUH, 2 TaKKe BBINOAHEHHUS YIPOIIEHHBIX pac-
yeToB. OnpegereHa 06AaCTb JOMYCTUMBIX YIPOIIEH-
HBIX pacdeToB. Pa3zpaboTan aATOpHUTM (9TAITbI) BBHIITOA-
HEHUS YHPOIIEHHBIX PACYETOB CTPOUTEABHBIX KOH-
CTpyKUMi. PaccMoTpeHbl MpHUMEpPBLI BOIPOCOB CYA0-
BOMY 9KCHEPTY, KOTOPbIE MOKHO ITPOTHO3UPOBATL U
pelaTh IpH MOMOIIH YIPOHIEHHBIX PACYETOB CTPO-
UTEABHBIX KOHCTPYKIIMH NPU NPOBEJEHHU CYJOBBIX
CTPOUTEABHO-TEXHUYECKUX HCCAE€JOBAHUH C ydyeToM
MAaTepPHANOB JaHHOH craTbu. IIpuBeseHB peKOMEH-
AallUA AN AAABHEUINHX HCCA€JZOBAHUU IO JaHHOM
temaTtuke. LleAbio mccaegoBaHUsI sABASIETCST OOOCHO-
BaHHUE JONYCTUMOH OOAACTH NPHMEHEHHUS YIIPOIIEH-
HBIX pacdeToB HaHOOAEE YacTO BCTPEYAEMBIX HECY-
IIUX CTPOUTEABHBIX KOHCTPYKIIMHA. Hayynasa HoBusHa
paboThI 3aKAIOYAETCA B TOM, YTO BIIEPBBIE PACCMATPH-
BalOTCA NPobAeMbl 0OOCHOBAHHOCTH U /OIYCTUMO-
CTH, 2 TAKK€ CUCTEMATU3AIIUH YIIPOIIEHHBIX PACIETOB
HECYIIMX CTPOHUTEABHBIX KOHCTPYKIHH. Pe3yAbTarhb
HCCAEJ0BAHUSA HMMEIOT IPAKTHYECKYIO 3HAYUMMOCThb
IpU IPOBEJEHUH CTPOUTEABHO-TEXHUYECKUX HCCAE-
JAOBAHUH IO OIEHKE TEXHUYECKOTO COCTOSAHUSA U IPO-
BEJEHHU CY/AeOHBIX DKCIIEPTHS.

KAIOYEBBIE CAOBA: pacyeTHas cxema, Harpys-
KH U BO3/JEHCTBHA, ONOPHbIE CBA3H, 0O6CAEJOBAHUE,
AePEKTbI U IMOBPEXKAECHUA, NPEAEAbHbIE COCTOSAHMA,
cTapas NoCTpOHKa, CHCTEMATU3ALIUA YIIPOIEHUH.

OCOBAHNBOCTI CITPOIIEHNUX PO3PAXYHKIB
ITPH OBCTEXEHHI BYAIBEABDHHX
KOHCTPYKIIH ICHYIOUHUX BYJIBEAB
(ITPOBAEMHA AOIIYCTHMOCTI TA
OBIPYHTOBAHOCTI)

AHOTAIIIA

Bigmideni Te3u akKTyaAbHOCTI npobaeMmMu, IO
MH pPO3TAfAJa€EMO. BuKoHaHMI aHaAl3 OCTAaHHIX
AOCAIAKEeHDb 1 myOAiKamiii 3a JaHOIO TEMAaTHKOIO.
Pospobaeni 3agadi AAS AOCATHEHHSA IIOCTABAEHOI
MeTu. Posraganyri ocobAmBOCTI HpoBeJEeHHSA CIIPO-
IIEHUX PO3PaxXyHKIB HAHOIABII YacTO BHKOPHUCTOBY-
BAHUX HeCyuux OygiBEAbHHX KOHCTPYKLIH B Iporeci
00CTe;KEHHA TEXHIYHOTO CTaHy OyJiBeAb Ta CIOPYJ.
ITpoBeseni kAacupikalig 1 cucTeMaTH3amisA CIpo-
II€EHUX PO3PaXYHKIB OYAIBEABHHX KOHCTPYKIIIH.
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BuxonaHi cucreMaTH3amis CIpoOIIeHb 1 OOIPYHTYBAHHA
iX JOIYCTHMOCTi, IIO CHPHUAE JOCATHEHHIO MAaKCH-
MaABHOTO PIBHA JOCTOBIPHOCTI Ta ONEPaTHBHOCTI
po3paxynkis. IlpoBegeHuit aHaai3 CHpOIIEHD
IpH CKAQJaHHI PO3PAXyHKOBHUX CX€M, BH3HAYEHHI
AIIOYUX HaBAHTAKE€Hb 1 BIIAMBIB, a TAaKOX BHKO-
HAaHHA CHPONIEHHX poO3paxyHKiB. Buasaena
00AACTh  AOMYCTUMOCTI CHPOLIEHUX PO3PAXYHKIB.
Po3pobaeHnit aAropuTM (€TanH) BHKOHAHHA CIIPO-
IMIEHUX pO3PaXyHKIB OYAIBEABHHX KOHCTPYKIIIi.
Po3rAAaHyTI IpHKAaJH MHTaHb CYJOBOMY €KCIIEp-
Ty, IIO MOKYTb IPOIHO3YBATHCA 1 BHPINIYBATHCA 3a
AOTIOMOTOI0 CIIPOMIEHUX PO3PAXyHKIB OygiBeAbHUX
KOHCTPYKIIHl IpH IpoBejeHHI Cy40BUX OyAiBEeABHO-
TEXHIYHUX JOCALIKEHBb 3 ypaxXyBaHHAM MaTepianiB
Aanoi crarTi. Hagani pekomenganii mo0 mogaAbIrmx
JAOCAIAKEHD 110 AaHIi TeMaTuIll. MeToxo JOCAIAKeHHA
€ OOIpYHTYBaHHA JOIYCTHMOi 0OAACTi 3aCTOCYBaH-
HA CIIPOLIEHHX PO3PaxyHKIB HeCydHux OyJiBEAbBHUX
KOHCTPYKIIH, IO HaibIABII YacTO 3yCTPIY4aroThCA.
HaykoBa HOBH3HA poOOTH IOAATAE B TOMY, IIIO BIIEP-
e PO3TAAAAITLCA HPOOAEMH OBIPYHTOBAHOCTI 1
AOIIYCTHMOCTI, a TaKOK CHCTEMaTH3aIli CIIPOIIEHHX
PO3paxyHKiB Hecydux OyJiBEeABHHUX KOHCTPYKIIIii.
PesyabTaTH  AOCAIAKEHHA  MAIOTh  IHPAKTHYHY
3HAYUMICTh IIPU IPOBEAEHHI 6y4iBEABHO-TEXHIYHHX
AOCAIAKEHD 3 OI[IHKH TEXHIYHOTO CTaHy Ta IIPOBEJECH-
HA CYJOBHX E€KCIIEPTHU3.

KAIOUOBI CAOBA: pospaxyHkoBa CxeMma, HaBaH-
TQKEHHA 1 BIAHMBH, OINOPHI 3B A3KH, OOCTEKEHH,
AepeKTH Ta MOMIKOJAKEHHA, TPAHHUYHI CTAaHH, CTapa
3a6yg0Ba, cucTeMaTU3allisd CIPOIIEHb.

INTRODUCTION

The building technical state level determination
based on visual examinations and field studies may
not be sufficient for conducting the building technical
survey (TS). Often, the execution of civil structures
strength and deformability in-process calculations,
including simplified ones, is necessary.

The urgency of the problem is related to the

following factors:

- in the existing development there is a large
number of projects having defects and damages,
which do not meet the modern building standards
and require prompt calculation checks;

- insufficient regulatory, scientific and
methodological support of the correct transition
from the civil structures real work to the
simplified structural designs;

- some specialists do not have the sufficient
knowledge of civil structures analysis computer
software for prompt engineering decisions
making in the process of technical state survey;

- a wide variety of tasks for carrying out the
structural and technical expert surveys to identify
the possible safety of load-bearing structures
further operation.




ANALYSIS OF RECENT STUDIES AND
PUBLICATIONS on this topic showed that the
methods of the civil structures load-bearing capacity
calculations during the construction projects
technical surveys are given a sufficient attention in
the Ukrainian and foreign works [7 and 8]. Much less
attention is paid to simplified calculations [7, 9, 10,
13 and 14]. Practically, in the normative literature
such issues are hardly considered, with the exception
of partial descriptions in DBN and DSTU-N [1-6,
11 and 12]. The issues of the simplified calculations
admissibility and validity have not been practically
addressed in the mentioned sources.

PROBLEM FORMULATION

The purpose of this work is to conduct a scientific
study related to the validity of limitations and
assumptions when performing the individual load-
bearing structures simplified calculations in the
process of the existing buildings technical state
surveys.

To achieve this goal,

considered:

- features,natureandscopeanalysis, systematization
and classification of simplified calculations by
various characteristics (types of calculations,
purpose, stages of study, levels of calculations
completion etc.) in the process of technical
survey; the simplified calculations advantages
and disadvantages analysis, the simplifications
admissibility comparative analysis;

- analysis of simplifications types and their impact
on the civil structures behavior real patterns;
the algorithm development (refinement) for the
simplified calculation during structures technical
state survey;

- features of the simplified calculations use
during the forensic civil engineering expert
investigations.

the following tasks are

BASIC MATERIAL AND FINDINGS

In modern practice, in the buildings technical
surveying and designing the different types of
civil structures simplified calculations, including
preliminary, verification and checking calculations are
used. Under the preliminary simplified calculation,
the authors accept the civil structure calculation
aimed at identifying the need for the further expert
actions on the structure detailed analysis. The
verification calculation is often understood as the
determination of the design parameters conformity
to the building regulations requirements [1-22].
The checking calculation is a simplified calculation
for checking the previously performed manual
or computer-aided calculations. It is necessary to
combine the mentioned terms in the concept of a
civil structure simplified calculation (CSSC). In this
work the civil structure simplified calculation (CSSC)
is used to mean the civil structure load-bearing

capacity (strength and/or deformability) calculation
during the existing buildings technical survey process
with an allowance for a reasonable simplification
sufficient level. This calculation allows to quickly
check the surveyed structures compliance with the
existing regulations requirements. In Table 1 the civil
structures simplified calculations are systematized by
various characteristics in order to analyze their use
possibilities.

During the CSSCs a need can arise to justify
the admissibility of the following simplifications:
deviation of the simplified design scheme from the
civil structure actual operation; deviation of the
simplified design scheme from the traditional one;
geometric dimension simplifications compared to real
ones; loads and actions simplifications compared to
real ones; simplifications of loads distribution types,
which do not comply with the real distribution.

It is worthwhile to consider the CSSC execution
features for some of the most common structural
elements when examining the objects technical state.
An analysis of the simplifications and their justification
and validity extent is given below in Tables 2 and 3.

The authors developed the following algorithm
(stages) of the CSSC carrying out:

study and analysis of the initial design,
executive, entitling and registration technical
documentation for an object under study;

- preliminary visual inspection of the structures,
taking into account measures to ensure the
spatial rigidity of the building as a whole;

- the necessity and feasibility analysis regarding
a simplified calculation carrying out at an early
stage of the survey, including the Terms of
Reference drafting for the survey contract;

- identification of structures that require the
justifying calculation carrying out, the
simplified design scheme development based
on the initial visual inspection and the analysis
of the investigated structure relationships with
the structural system of the building as a
whole (conformity category and impact on the
building overall spatial rigidity);

- structure actual work analysis, classical and
simplified design schemes, accepted assumptions
and simplifications assessment;

- effective loads detection based on the regulatory
data and customer initial data (technological
loads related to the production technological
features), including actual and simplified ones,
and the preliminary assessment of the accepted
loads assumptions and simplifications impact on
the calculations final results;

- static structure calculation, including the forces
determination in accordance with the simplified
design scheme (bending moments; longitudinal
and lateral forces);

- designcalculationtakingintoaccountthebuilding
materials properties; comparative analysis of
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Table 1 - CSSC classification and systematization

Ne Feature Variation Feature description Simplifications explanation
(purpose) and validity
1 2 3 4 5
1.1 1. Type of Static The internal forces Elements
calculation /dynamic determination (moments of design scheme, loads
and longitudinal and and actions
transverse forces)
1.2 Structural Intersection sufficiency The justification of the
check (depending on the transition from the actual
structure material) plastic model of constructive
1.3 Mixed Forces determination and element work
intersection sufficiency to the elastic one
verification
2.1 2. Type of Design Creating a design scheme The justification of the real
simplification | schemes with simplified geometry | or classic design replacement
(supporting and support links with the simplified one
2.2 links, Loads and Transformation of the The real loads replacement
elements actions complex actual types of with the simplified ones;
intersections, loads with the the allowable load
loads and simplified ones determination
2.3 actions Other The dynamic loads and The justification of the
(structure) | actions replacement with transition from dynamic
the static ones etc. actions to simplified static
ones
3.1 | 3. Calculation | Complete All The possibility of
justification assumptions/simplifications | accepting the results as final
and are considered and justified ones
completeness
levels
3.2 Partial The The civil structure simplified
assumptions/simplifications | calculation is impossible or
justification is partial incomplete
3.3 Not The
available | assumptions/simplifications
are not justified
4.1 | 4. Limit state | Strength | The design parameters are | See the above justifications
4.2 Deformabi | determined by simplified
lity mechanics models
5.1 Building The parameters The correctness of the TS
codes comparison with normative regulatory requirements
5. Base of ones
5.2 | comparison Design The parameters Taking into account defects
data comparison with design and damages
ones
5.3 Other Specific requirements of a With the requirements
base customer and rational mind expediency justification
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Table 2 - Simplifications and assumptions used during the simplified design schemes formation

Structure

Simplification

Assumption

Single span beam
(beam slab)

The real supports
replacing
with hinge ones

With free rest
on the walls**

Rigid fixing replacement
with hinged one

Multispan beam
(cast-in-place beam

Multispan beam
replacement with a single
span beam

With taking into account a
moment on
the reinforced concrete
beams support

slab) Indirect determination of Provided that the moment
supports moments on the support is accepted
from the spanned ones equal to the bending moment
in restraint
Structural For the justification of
scheme features structural scheme
Column of the building with the rigidly joined
(pillar or as a whole elements

partition wall)

Replacement of real
support links with hinged
ones or restrained within a

With taking into account the
loads off- centered application

storey
Edge supported Replacement with a beam | The support moment is equal
reinforced concrete plate on two supports to the moment in the scheme
slab along the less span of one span beam with

restrained and hinged support

Lintel Real supports replacement See Note

above the slot with hinged ones**
Retaining wall*** | Real support replacement See Note

with restrained one

Notes to Tables 2:

*The rigid structural scheme of a
building as a whole should mean a
scheme with an upper support taken
without any displacements.

** The free support denotes a support
without restraints.

***The stand-alone retaining wall

does not have any upper support.

Table 3 - Current loads features and assumptions for the buildings structures calculations

Structure

Simplification

Assumption

1

2

3

Single span beam
(beam slab)

Replacing the real

Provided that a uniformly

Multispan beam
(cast-in-place beam

loads (with a complex
contour in plan) affecting
the beam with the loads
evenly distributed or

distributed load is
equivalent to the total
actual loads

slab) focused in the contour
center
Column Only the vertical loads with Provided that the
(pillar or an eccentricity (if any) are | horizontal loads are taken

partition wall)

considered

by the lateral rigid

structures

Edge supported
reinforced concrete

Replacement of real loads
(with complicated contour
in plan) with evenly

Provided that the evenly
distributed load is
equivalent to the total

slab distributed ones actual one
Replacement of the load With taking into account
Lintel modelling a work like the floor load in the case

above the slot

beams on elastic base with
an even
distribution

of arrangement within a
conditional triangle

Stand-alone retaining
wall#**

The actual lateral load
replacement with a
trapezium or triangular
ones

Provided that it is possible
to justify the load by a
linear law

Notes to Tables 3:

*The rigid structural scheme of a
building as a whole should mean a
scheme with an upper support taken
without any displacements.

** The free support denotes a support
without restraints.

***The stand-alone retaining wall

does not have any upper support.
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the mathematical calculation results and the
existing regulatory documents permissible
parameters; conclusions drawing based on
the calculations results with the obligatory
presentation of the accepted assumptions and
simplifications certainty degree analysis.

The scope of each simplified calculations type is
recommended, as a rule, for individual, not mass
cases. CSSCs can be used as the preliminary design
justifications of existing building structures. For a
more accurate computational research of the building
structures actual work, it is necessary to adopt for the
building a computer-based spatial design scheme.

CSSCs are widely used in construction engineering
studies, such as forensic examinations. As a rule,
when carrying out forensic civil engineering studies,
the necessity of checking the building structures
conformity with the regulatory requirements
(strength, rigidity, stability, reliability etc.) should be
tound. To do this, a forensic expert must calculate
the strength independently or use the services of a
specialized organization that has the relevant permits.
The second way is related to the need for prompt
expert research. As practice shows, for a forensic
expert of 10.6. specialty it can be sufficient to carry
out simplified calculations. However, there are no
appropriate recommendations in the regulatory or
scientific and methodological literature for such
calculations applications.

It is reasonable to consider some example questions
to forensic expert that can be predicted and resolved
by means of CSSC when conducting forensic civil
engineering studies based on this paper material.

1. Does the structure design in the operated
building correspond to the existing regulatory
requirements for reliability and safety?

2. Is the class of responsibility of the floor load-
bearing structure (covering, staircase, rafters,
masonry partitions, columns etc.) reasonably
accepted when carrying out the building
technical state surveys and certification?

3. Is the building collapse due to the load-
bearing structures technical state, if so, which
structures specifically?

4. Was it necessary to calculate the load-bearing
structures strength for the building technical
state survey and certification? If yes, was a
simplified calculation permissible?

5. Is it reasonable to accept the civil structures
simplified calculations when surveying the
building technical state? If no, could this have
caused the collapse (material damage to the
owner)?

6. Was the class of responsibility of load-bearing
structures of flooring, cover, staircase, rafters,
masonry partitions, pillars etc. reasonably
accepted, when conducting the building
technical state survey and certification?

7. Is the building collapse due to the load-
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bearing structures technical state, if so, which
structures specifically? Was the use of civil
structures simplified (estimated) calculations
reasonable for the building technical state
survey? If it was not, could this have caused
the collapse (material damage to the owner)?

FINDINGS AND PROSPECTS FOR THE
FURTHER DEVELOPMENTS

1. The paper proposes an approach that allows to
reasonably accept the civil structures simplified
calculations when carrying out the technical
state of the building examined structures.

2. Preliminary developments have been made
to determine the rational region for the civil
structures simplified calculations use when
surveying their technical state for various
purposes, for instance, as part of forensic
expert studies.

3. The possible questions to a forensic expert,
the resolution of which requires strength
calculations, including the simplified ones, are
foreseen.

4. It is recommended to carry out the further
researches on this topic within the framework
of the simplified calculations use enhancement
with the involvement of specialists in the fields
of structural mechanics, civil structures or
technical surveying, and forensic experts.
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