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Problem statement. One of the priority tasks in the development of
Ukraine is the implementation of the energy independence program, the
main goal of which is to ensure energy security and the transition to energy
efficient, energy-saving use and consumption of energy resources.

Today, an effective solution for business entities and production is the
installation of solar power plants on the roof of buildings and structures.

In the construction of agricultural, public and industrial buildings,
solid or glued wood is a common and basic building material for roof
structures.

Domestic and foreign experience has shown that it is most advisable
to use wooden rafterstructures, supporting structures in the form of half-
trusses or half-frames, trusses and frames during construction, due to the
small mass of structures and low mechanization when assembling frames.

During operation, wooden structures lose strength, deformation, heat
and sound insulation properties, and are also subject to decay, fungal
diseases, and therefore, in order to extend their service life, it is necessary
to take a number of measures to eliminate the above disadvantages.

Due to changes in loads, changes in the characteristics of the material
and the possible development of cracks at the operational stage, wooden
building structures of the coating of buildings and structures need to be
strengthened or completely replaced.

Analysis of recent studies. Works of scientists V. Dereviagin, G.
Carlsen, M. Kagan, V. Ivanov, V. Kochenov, Yu. Ivanov, V. Fursov, I.
Barrett, R. Foci, P. Crossman, L. Nielsen and P. Hoffmeier and others have
significantly enriched the science in the field of wooden structures. In these
scientists, the issues of theoretical and experimental research of the long-
term strength and durability of solid wood were considered.

S. Lekhnitsky, A. Mitinsky, S. Ambartsumyan, Yu. Sobolev, J.
Goodman, Z. Khashin, A. Hoffman, K. Norris, the theoretical
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substantiation of numerical methods for calculating wooden structures was
carried out and finite element models were investigated taking into account
the anisotropy of the properties of wood.

Scientists have carried out a tremendous amount of work to identify
various types of defective conditions of wooden structures in use, the
reasons for their appearance, as well as to develop various methods and
methods for restoring and strengthening wooden structures. The main
results of this work are reflected in the works of M. Boiko, V. Bolshakova,
I. Guskova, G. Zubarev, V. lvanova, A. Kalugin, G. Carlsen, Kudela J.,
Slaninka R., Escalantea M.R. [1], Brandon D., Samoilenko E.V. [2],
Smorchkov A.A. [3], Jian Jiao [4], Ulrike Dackermann [5], Chunhui Liao,
Paulo B. Lourenco [6], Mariapaola Riggio [7] and other scientists.

Formation of the goals of the article (problem statement). The aim
of research is to examine the warehouse building to determine the bearing
capacity of wooden structures after long-term operation and taking into
account the installation of solar panels on the roof based on cadmium
telluride of the American company First Solar, proposals for strengthening
the structures and calculation in the Lira CAD 2013 software package,
which is algorithmically based on the finite element method.

Research objectives:

- analyze wooden structures after long-term operation;

- development of a design model of a wooden frame;

- develop recommendations for restoring the bearing capacity of
wooden structures;

- analyze the results obtained after verification calculations.

Main part. According to the results of the engineering and technical
survey of the building, the general characteristics of the building are
presented. [8-10]

The object of the survey is the building structures of a one-storey
building of a grain warehouse No. 2 with overall dimensions in terms of
34.1 x 20.1 m. The warehouse is located in the agricultural complex of the
PrJSC "Kherson bakery plant" at the address: Kherson region, Bilozerka
district, Mykilske village, Reprynska str., 2-A.

Constructive diagram of grain warehouse No. 2 — incomplete frame.
The cross-section of a building is a transverse frame consisting of a
wooden inner frame. Elements of the wooden frame are made of beams and
round logs.

The rafter legs, made of rectangular timber, are installed in 60 cm
increments. The rafter leg is foldable. The joint of the two elements of the
rafter legs is made in the places of support of the columns.

The lower ends of the rafter legs rest on the outer walls. The rafter
legs are supported by a system of girders, struts, struts.
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The outer walls of the building are made using 750 mm thick
limestone rubble masonry. The masonry of the walls is dense, durable,
there is no weathering of the masonry mortar.

Foundations — tape from limestone rubble masonry. The foundations
for all-wooden posts were made separately.

Columns of the frame — wooden round solid section. The spacing of
the columns in the longitudinal direction is 5.7 m. The maximum distance
between the columns in the transverse direction is 8.7 m.

The roof is gable. The end of the gable roof is designed in the form of
a pediment. The drain is unorganized.

The roof is made of profiled sheet of type H without paint and varnish
coating according to DSTU B V.2.6-9 according to the volumetric rafter
system.

A general view of the wooden frame of one of the fire compartments
(grain warehouse No. 2) is shown in Fig. 1 and a cross-section of the
building in Fig. 2.

Figure. 1. Internal load-bearing wooden structures of grain warehouse No2
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Figure. 2. Cross-section of the grain warehouse No 2




As a result of the inspection of the building during operation, it was
found that the wooden frame structures have defects and damage: cracks in
the wood of structural elements; deflections of elements.

To assess the bearing capacity of the frame structures of the grain
storage building No. 2 according to the norms [11,12], the calculation of
the wooden frame was carried out using the design model, which
accurately provides for the actual operation of the structure. The calculation
of the wooden frame was carried out in the Lira CAD 2013 software
package [13] using a static model that takes into account the reliable
operation of the structure and supports. Wooden structures must meet the
requirements of the calculation of the bearing capacity and in accordance
with the specified design schemes. The verification of the bearing capacity
and stability of structures was carried out in accordance with the current
regulatory document DBN V. 2.6-161: 2017 [14,15].

Loading and impacts were taken into account when designing a
structure made of whole wood are taken in accordance with DBN V.1.2-2,
taking into account the loading class for the duration of action.

Wooden elements of circular cross-section must meet the
requirements of DSTU EN 844-3: 2004, DSTU ENV 1927-2: 2005, DSTU
EN 1315-2-2001.

The calculation of the wooden frame was carried out in the following
sequence in accordance with the current standards:

- establishment of the design scheme of the frame;

- determination and collection of loading;

- determination of the design forces in the frame elements;

- selection of cross-sections of parts.

The design diagram with added overloads is shown in Fig. 3-5.

E s mowepem - £HA .
2335

0.0

0
-0

379
0.375

© N 024 : 049

0646

0,669

=
0,359

..
N
-1.05
[,

-4.76432; M smawern: 3.4883

Figure. 3. Diagram of bending moments
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Figure 5. Diagram of longitudinal forces in the elements of a wooden
frame
Conclusions. The section of the existing elements of the wooden
frame satisfies according to the calculation. A decision was made to
strengthen or replace the lower frame chord due to excessive deflection and
replace the metal suspension.
The obtained data were introduced into construction practice during
the overhaul of grain warehouse No 2.
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TEXHIYHE OBCTEXXEHHS I PO3PAXYHOK JIEPEB’SIHOI PAMU
BYAIBJII HA HECYWYY 3JIATHICTb
C.M. PomaHeHKkO
S1.I1. AnapieBcbka

AHoTanig. OgHUM 13 3aBJaHb PO3BUTKY YKpaiHW € peajizalis mporpamu
€HEepProHe3aJIe)KHOCTI. BUKOPUCTaHHS HOBHX TEXHOJIOTIYHMX Ta HETEXHOJIOTTYHUX
IHHOBAIII TOIIUPEHO, K Ha BUPOOHHMYIM CTOPOHI PIBHSHHS €HEprii (aJibTepHAaTHBHI
JDKepesia, HOBI IepeIoBl TEXHOJIOTIT €eHepro30epekeHHs ) Ta Ha CTOPOHI CIIOKUBaHHSI.

EdexTtuBHUM pilmieHHSIM i1 CYO'€KTiB TOCIOJApIOBaHHS Ta BUPOOHUIITBA Ha
CHOTOJHIIIHIN JI€Hb € BCTAHOBJICHHS COHSYHUX EJEKTPOCTAHII Ha Jaxax OymiBenb i
CIOPYA.

VY crarTi mpeacTaBieHi pe3yabTaTH OOCTEXKEHHS Bi3yalbHO-IHCTPYMEHTAIbHUM
METOJIOM Y 3B'AI3KY 3 pO3TalllyBaHHSM COHSYHUX OaTapeil Ha Jaxy ICHYKOYOK OyaiBii
ckinamxy. Cxemu Ta mapamMeTpd 30BHINIHIX BIUIMBIB HA JIEPEB’SIHI YaCTUHU 00 €KTa,
BKJIIOUAIOYM (PAaKTUYHI MOCTIMHI Ta TUMYACOBI HaBaHTAXXEHHS, 3 YPaxXyBaHHIM BIIACHOL
Baru MarepialiB, KOHCTPYKTUBHUX Ta TEXHOJIOTTYHUX 0COOIMBOCTEN 00’ €KTA.

VY 3B’I3Ky 3 MIJBUIICHHSIM HaBaHTAKEHHS OyJI0 NPOBEJCHO MEpPEeBIPOYHMIMA
PO3paxyHOK HECYYMX JIepeB’SIHUX KOHCTPYKILINA OyAiBI Ta po3poOJIeHO pO3paxyHKOBY
MO/IEITb.

JlocnikeHHsl BUKOHAHO 3 BUKOPUCTaHHSM KJIACHYHUX PO3PaxyHKIB CTPYKTYPHOT
MEXaHIKd Ta METOJAIB KOMII IOTEPHOIO IMITAllIHHOIO €KCHEPUMEHTY B MPOTrpaMHOMY
kommiekci «Lira CAD 2013».

Po3paxyHok nepeB'sHOi paMu TIPOBOJUBCS B TaKiii MOCIITOBHOCTI BiAMOBIAHO J0
TIIOYUX CTAaHAAPTIB:

- BCTAaHOBJICHHSI KOHCTPYKTHUBHOI CXEMH paMH;

- 30ip Ta BU3HAYEHHS, AIFOYNX HABAaHTAKEHB;

- BU3HAYCHHS JIF0UMX 3YCHJIb B €JIEMEHTaX PaMu;

- miAOip mepepi3iB eJIEMEHTIB.

AHani3 pe3ynpTaTiB Ta HAaTypHUX OOCTEKEHb AepeB’SHUX KOHCTPYKIN Ta iX
eJIeMEeHTIB  OyaiBii 3epHOBOro ckiaay Ne2 micnsd ekcIulyartaiii moHag 75 pokiB y
3MIHHUX TeMIIepaTypHO - BOJIOTICHHX yMOBax IIOKa3aB, L0 Hecyda 3/aTHICTh Ta
Ha/IHHICTh HECYYMX JepeB’SIHMX KOHCTPYKIIH He3MiHHA HE TUIBKM IPHU HAasBHOCTI
PI3HUX MOUIKOJKEHb Ta Je(PEKTIB, aje i BHACIHIIOK IPUPOJIHOTO CTAPiHHS IEPEBUHHU.

3a pesynbTaTaMy JIOCTIKEHHS PO3pOOJIEHO pEeKOMEHJAIlll MIOAO0 BiJHOBICHHS
BJIACTUBOCTEN KOHCTPYKIIH 3 IIUIBHOT IEPEBUHU MICIIs iX TPUBAJIOI eKCILTyaTallii.

KrouoBi cjioBa: nepeBruHa, pama, 3yCHUJUIs, HABAHTAXXEHHS, HeCy4a 3/1aTHICTb



TECHNICAL INSPECTION AND CALCULATION OF THE WOODEN
FRAME OF THE BUILDING FOR LOADING CAPACITY

S.M. Romanenko

Ya.P. Andreevskaya

Abstract. One of the tasks in the development of Ukraine is the implementation
of the energy independence program.

Today, an effective solution for business and production entities is the installation
of alternative sources on the roof of buildings or structures.

The article presents the results of a grain storage survey for the possibility of
installing solar panels on the roof of a building on existing load-bearing structures.

In connection with the increase in the effective load on the existing supporting
structures (wooden frame), a design diagram of a wooden frame was developed, the
design forces in the frame elements were determined, and the selection of cross-sections
of the elements in the software package "Lira CAD 2013".

Analysis of the results and full-scale examinations of wooden structures and their
elements in the building of the grain warehouse No. 2 showed that the bearing capacity
and reliability of the load-bearing wooden structures are unchanged in the presence of
various damages and defects.

Keywords: wood, frame, effort, load, bearing capacity

TEXHUYECKOE OBCJIEJOBAHUE U PACUET JEPEBSAHHOM
PAMBI 3TAHUA HA HECYIHIYIO CIIOCOBHOCTD

Pomanenko C.H.

Annpuesckas SLII.

AHHoOTamusa. B cratee npeAcTaBieHBl  pe3yJbTaThl  BHU3YaJIbHOIO U
UHCTPYMEHTAJIBHOTO  OOCIEOBaHMs  HECYyIIMX  KOHCTPYKUMH  37aHuUA B
arpornpoOMBIIUIEHHOM KOMIUIEKCE B CBSI3M C PACIOJIOKEHHEM Ha KpBILIE COJHEYHBIX
na”eneil. OmnpeneneHbl IOCTOSHHBIE M BpeMEHHbIE (DaKTHUECKU JIEHCTBYIOLIHME
Harpy3kd Ha HeCylIMe KOHCTPYKLHH C Yy4eTOM COOCTBEHHOIO Beca MaTepHasioB,
KOHCTPYKTUBHBIX U TEXHOJIOTHUECKUX 0COOEHHOCTEH 00BbeKTa.

B cBs3u ¢ yBenuueHneM Harpy3kH pa3paboTaHa pacdeTHas MOJENb U BBIIOJHEH
IIPOBEPOYHBIA pacueT HECYHUIMX KOHCTPYKLUHH JEPEBSHHOM paMbl C NPHUMEHEHUEM
KJIJACCUYECKUX PACUYETOB CTPOUTEIBHOM MEXaHUKH U METOJOB KOMIIBIOTEPHOTO
MOJIEJIMPYIOLIETO IKCIIEPUMEHTA B TporpaMMHoOM Komiuiekce «JIupa CAIIP 2013».

KuroueBrble cjioBa: qpeBecrHa, paMa, yCUiKe, Harpy3Ka, Hecyliasi CliocOOHOCTb



