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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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