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Abstract. The article presents the results of
comprehensive experimental and theoretical studies
on the behavior of timber beams with combined
reinforcement, in which both steel and composite
reinforcement are simultaneously used. This
approach combines the high strength and stiffness
of steel with the low weight of composite materials,
ensuring rational material use and improved
structural efficiency.

Particular attention is given to the development
and practical implementation of a method for
creating  prestressing in  composite  strip
reinforcement located in the tensile zone of the
beam. The proposed technique is technologically
simple, does not require complex or expensive
specialized equipment, and can be implemented
both in laboratory conditions and in small- or
medium-scale production facilities. The sequence
of operations for prestressing the composite
reinforcement, anchoring it within the timber base,
and fabricating test specimens is described in detail.

The study provides a detailed experimental
methodology, including the loading scheme, types
of measuring devices, and methods for recording
displacements and deformations. The deformation
patterns and failure modes of prestressed timber
beams with combined reinforcement are identified.
Experimental relationships of the “moment—
curvature” and “moment—deflection” types are
constructed, allowing for quantitative evaluation of
the influence of prestressing on the stiffness and
strength of the elements.

The research results confirm that introducing
prestressing into the composite reinforcement
significantly increases the load-bearing capacity
and stiffness of timber elements, reduces
deflections,
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and ensures a more uniform stress distribution
across the section.

The obtained results have important practical
significance and can be applied in the design of new
or reconstruction of existing timber structures,
particularly in buildings and facilities with large
spans, as well as in the development of new design
standards, guidelines, and methodological materials
for the calculation, manufacturing, and
strengthening of timber structures with combined
reinforcement.

Keywords: timber  beams;  combined
reinforcement; composite reinforcement;
prestressing.

INTRODUCTION

Wood is a modern environmentally friendly
material and one of the most in-demand
renewable natural resources. Due to its
numerous advantages, it has long been used as
a construction material.
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Today, solid (unprocessed) timber is rarely
used in construction - it has been largely
replaced by glued laminated timber (glulam),
manufactured using advanced technologies that
eliminate the main drawbacks of natural wood.

The application of glulam in large-scale
engineering structures, such as halls, bridges,
and stadiums, has created the need to enhance
its load-bearing capacity in order to reduce
cross-sectional height and limit deflections.
One of the most effective ways to address this
issue is by reinforcing the cross-section with
materials of higher strength and stiffness.

ANALYSIS OF PREVIOUS RESEARCH

Under wartime conditions, many authors
devote their research to the strengthening of
metal [1-3], reinforced concrete [4-5], and
timber structures. Researchers have actively
investigated the use of various materials - in
particular, steel and composite reinforcement -
to strengthen timber elements [6-10]. The
introduction of stiffer materials into the cross-
section contributes to an overall increase in
beam stiffness, which, in turn, reduces
deflections [11-15]. Experimental results have
demonstrated the effectiveness of using
composite materials based on synthetic fibers to
improve the mechanical performance of timber
structures. Advances in the production of fiber-
reinforced polymers (FRPs) and the growing
availability of synthetic fibers have made
composite reinforcement a promising and
efficient alternative for strengthening timber
elements [16-21]. Current Ukrainian standards
[22—-25] for wood construction do not provide
recommendations for the design and calculation
of such elements, making the study of these
structures relevant.

Previous studies conducted by the authors
[20-21] examined the simultaneous use of steel
and composite reinforcement in timber beams,
which resulted in a significant increase in
stiffness and load-bearing capacity. However,
the idea emerged to further enhance the
performance of such beams by introducing
prestressing into the composite reinforcement
located in the tensile zone. The proposed
approach does not require complex or
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specialized equipment and can be implemented
sequentially in several simple stages.

Therefore, the aim of this study is to
determine the deformation behavior of a timber
beam with combined reinforcement, in which
the composite strip reinforcement in the tension
zone is subjected to prestressing.

PURPOSE AND METHODS

In the laboratory of the Department of
Industrial and Civil Engineering at the National
University of Water and Environmental
Engineering, a prestressed bending element
made of solid timber with combined
reinforcement was manufactured for the first
time.

A known method for prestressing bar
reinforcement in the tensile zone during the
production of prestressed glued laminated
timber beams, which can also be applied to
solid timber beams, involves the use of a special
collet—clamping mechanism (CCM-1). This
mechanism  ensures  the  fixation of
reinforcement ends in the beam’s end faces and
allows for the application of prestress to both
steel and non-metallic bar reinforcement.

However, this technique requires the
mandatory use of expensive specialized
mechanisms and devices to create the
prestressing force, as well as significant labor
costs to perform the tensioning process.

The beam models developed using the new
prestressing method can be made of either solid
or glued laminated timber. In the proposed
beams, the main objective is to reduce
deflection by introducing prestressing into the
composite strip reinforcement. This process is
carried out in several simple stages without the
use of any complex or costly specialized
devices or equipment.

The designed initial deflection in f the

timber beam is created by applying an external
load, as shown in Fig. 1. The height of the
deflection is preliminarily calculated and
specified by the designer, and its value is
denoted as f . In this stressed state, a carbon

fiber composite strip Sika CarboDur S-512 with
a cross-section of 50 x 1.2 mm is installed in
the future tensile zone of the timber element

31



ISSN 2522-4182

(Fig. 1). The strip is bonded to the timber
surface using Sikadur-30 adhesive. The
element is maintained in this prestressed
condition for 7 days until the adhesive is fully
cured.

Fig. 1 Creation of the deflection of a bending
element to introduce prestressing: 1 —
bending timber element; 2 - cross-
section of the bending timber element; f,
— initial curvature of the element; F —
concentrated load

Puc. 1 CTBOpeHHsSI BUTHMHY 3TMHAIBHOTO e€lle-
MEHTY [UIsd CTBOPEHHS IIONEPEIHBOrO
Hanpy>KeHHA: | — 3ruHaIbHUM Jepes’s-
HUN €JIeMEeHT; 2 — TOoNepeuHuil mepepi3
3IHHAJIBHOI'O )lepeB’ﬂHOl“ (6] eﬂeMeHTy;
fl — TIOTIEpETHII BUTHH €JIEMEHTA;

F- 3ocepemxkena cuma

The third stage involves the removal of the
concentrated external load F, which was
previously applied to create the deflection in the
bending timber element. As a result, the timber
element reinforced with the carbon fiber strip
tends to return to its initial shape. However, this
movement is resisted by the bonded Sika
CarboDur S-512 carbon strip, which becomes
engaged in the work of the structure and
counteracts the elimination of the initial
deflection (Fig. 2).

Due to this effect, the solid timber bending
element reinforced with the Sika CarboDur S-
512 strip in the future tensile zone becomes
prestressed and retains a residual deflection. In
this state, the manufacturing process of the
combined prestressed solid timber beam is
completed by bonding steel reinforcement in
the future compressive zone of the beam. The
reinforcement is installed by embedding two
012 A500C steel bars into pre-cut grooves and
fixing them with a composite mixture of epoxy
adhesive and cleaned dry sand (Fig. 3).

After the adhesive mixture has fully cured,
the prestressed solid timber beams with
combined reinforcement are ready for testing
and further structural application.
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Fig. 2 Bonding of a reinforcing element into the
tension zone of a bending timber
member: 1 — bending timber element;

2 — reinforcing material; f, — initial
curvature of the element;
F — concentrated load

Puc. 2 BxneroBaHHA apMylo4yoro eineMeHTa B
PO3TATHYTY 30HY 3TUHAJIBHOI'O
JIepeB’STHOTO €1e-MEHTY: 1 — 3THHAIbHUIMA
JIEpeB’AHUI eJIeMEeHT; 2 — apMylouui
marepian; f, — momepenHii BUTHH
CJICMCHTA, F— 30CCpCIKCHA CrUjia

[

3
1 = 3

Fig. 3 Bonding of a reinforcing element into the
compression zone of a bending timber
member: 1 — bending timber element;

2 — reinforcement of the tension zone;

3 — reinforcement of the compression
Zone;

f, — deflection of the element;

f, — residual deflection; F — concentrated
load

Puc. 3 BxieroBaHHsS apMylOuoro €leMeHTa B
CTUCHYTY 30HY 3THHAJILHOTO JepeB’si-
HOT'0 CJICMCHTY: 1 — 3ruHaIBHUHR Acpe-
B’STHUI eJleMeHT; 2 — apMarypa po3Tsr-
HyTOI 30HH; 3 — apmarypa CTUCHYTOi
30HU; f, — BUTHH €JIEMEHTa; f, — 3aJIMIII-

KoBUi BUruH; F — 30cepemxena cuna

According to this method, two prestressed
beam specimens were manufactured, each with
a total length of 3 meters and a cross-sectional
size of 10 x 15 cm. The beams were reinforced
with a carbon fiber strip Sika CarboDur S-512
and steel reinforcement 2012 A500C. The
prestressing of the SRB30 (Prst) beam was
performed at a load level equal to 30% of the
ultimate load, while the SRB45 (Prst) beam was
prestressed at 45% of the ultimate load. The
value of the ultimate load was determined
during the testing of similar unreinforced
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specimens.The process of bonding the carbon
fiber strip under load is shown in Figure 4
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Fig. 4 The curing process of the adhesive when bonding the composite strip reinforcement Sika CarboDur

S-512 to the timber beam. Photo by Gomon, 2022

Puc. 4 [porec TBepiHHS KIIEIO MTPH MPUKICIOBaHHI KOMIIO3UTHOT CTpiukoBOi apmarypu Sika CarboDur

S-512 no nepeBunu 6anku. @oto I1. 'omon, 2022

EXPERIMENTAL STUDIES TEST SETUP

The manufactured and prepared beams made
of solid and glued timber, as well as those with
passive and prestressed combined
reinforcement, were installed in the testing
setup on hinged movable and fixed supports. In
this position, all necessary measuring
instruments were mounted and fixed, allowing
the measurement of deflections, relative
deformations of the timber in different layers
along the beam height, and control of the
composite action between the reinforcement
and the timber.

The structural model corresponded to a
simply supported beam subjected to two
concentrated loads, each applied at a certain
distance from the supports (four-point bending
of flexural elements) (Fig. 5), in accordance
with the recommendations EN 408:2007 [24].

Dial indicators 4-10m were installed on
the supports to measure the deformation
resulting from the settlement of the beam
supports under loading. A deflectometer model
6-PAO was positioned at midspan to record
beam deflection.

ByniBenbHi kKoHCTpyKUii. Teopis i npakTuka * 17/2025
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Fig. 5 Timber beam scheme for calculations
Puc. 5 Po3zpaxyHkoBa cxema JepeB’sHUX 0anok

To measure possible slippage deformations
of the steel reinforcement bars and the
composite carbon fiber strip reinforcement Sika
CarboDur S-512, dial-type indicators 4-10n
were mounted at the beam ends. All instruments
were fixed on specially designed holders placed
at predetermined points along the beam’s cross-
section (Fig. 6).

Before testing each specimen, its
geometrical dimensions were verified, and the
initial readings from all instruments were
recorded in the experimental testing logbook.
The instruments used during the experimental
investigations had previously undergone
official state calibration.

The prestressed solid timber beams with
combined reinforcement, after verifying their
geometrical dimensions, were installed in the
testing setup. Subsequently, all necessary
instruments were mounted and adjusted to their
operational condition.
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Fig. 6 Test setup scheme for bending tests of timber beams: 1) jack; 2) dynamometer; 3) steel crosshead; 4)
tested beam; 5) steel pad; 6) wooden pad; 7) strain gauges; 8) steel reinforcement 2 @ A5S00C; 9)
composite strip reinforcement Sika CarboDur S-512; 10) deflectometer 6-PAO; 11) indicator ICh-

10n; 12) indicator ICh-10n

Puc. 6 Cxema mocnmigHOI YCTaHOBKH UIsl BUIIPOOYBaHHS IEpeB SHUX OalloK Ha 3TUH: 1) moMKpat; 2)
ITHAMOMETp; 3) MeTajieBa TpaBepca; 4) mociKyBaHa 0aimka; 5) MeTajeBa makianka; 6) nepes’ sHa
migknanka; 7) TeHsomarumku; 8) craneBa apmatypa 2 @ AS00C; 9) KOMIO3WTHa CTpiUuKOBa
apmarypa Sika CarboDur S-512; 10) nporunomip 6-ITAO; 11) inmukarop UY-10w; 12) inmukarop

N4-10n

The loading was applied incrementally in
steps of 500-1000 N, using a hydraulic jack
model DOSM-5. After each successive loading
step, a pause of up to 5 minutes was made to
record readings from the dial indicators,
deflectometer, and strain gauges. All obtained
data were recorded in the test logbook.

When the applied load reached over 90% of
the expected ultimate load, the measuring
instruments were removed to prevent possible
damage in case of sudden failure of the tested
specimens.

RESEARCH RESULTS
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Fig. 7 Experimental (1) and theoretical (2) “moment
—curvature” graphs during loading and
unloading of the SBR30(Prst) beam

Puc. 7 Excnepumentansauii (1) Ta Teopetrunuii (2)

rpadiku «MOMEHT-KpUBUHA» npu
3aBaHTQ)XCHHI Ta pPO3BaHTAXEHHI OaJKu
SBR30(Prst)
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Stage of Prestressing Creation. The ultimate
bending moment for the unreinforced beam was
determined as M, =19,98kN/m.  The

prestressing level used to create the initial
deflection was set for the combined reinforced
beam SBR30 (Prst) at M, =6,0kN/m, and for

the beam SBR45 (Prst) at M, =90kN/m,

corresponding to 30% and 45% of the
maximum load sustained by the unreinforced
timber beam SB, respectively.

The behavior of the normal cross-sections
can be illustrated using moment—curvature
diagrams (Fig. 7, Fig. 8).
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Fig. 8 Experimental (1) and theoretical (2)
“moment — curvature” graphs during loading
and unloading of the SBR30(Prst) beam

Puc. 8 ExcriepumenTansHuii (1) Ta TeopeTHy-HUiA
(2) Tpadikm «MOMEHT-KPHBHHA» TpHU 3a-

BaHTQ)XCHHI Ta pO3BaHTAXEHHI  Oaiku
SBR45(Prst)
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The curvatures in the midspan cross-section
were calculated during the loading of the
SBR30 and SBR45 beams under prestressing.
The curvatures of the SBR30 and SBR45 beams
at the time of bonding the composite strip were

§SBR30,Prst =-0,017m™ and,

Cserasprst = —0,017m™" respectively.

As shown in Fig. 7 and Fig. 8, after bonding
the carbon fiber composite strip, the beam was
unloaded, and the calculated model of the
normal cross-section was modified to account
for the addition of the carbon strip. During the
first 2-3 stages of unloading, typical changes
for timber are observed, indicating wood
relaxation. At subsequent unloading stages, the
curvature stabilizes and reaches the predicted
level.

As a result of the bonded carbon fiber
composite strip added to the bottom (tensile)
zone, a residual deflection remains after
unloading, at which the external force equals
zero. The residual curvature in the SBR30 (Prst)
and SBR45 (Prst) beams is

£sBR30,0 =-0,0022m " and,

ESBR30,0 = —0,0042m respectively.

Subsequently, two @12 mm A500C steel
reinforcement bars were bonded into the
grooves of the future compressive zone of the
SBR30 (Prst) and SBR45 (Prst) beams.

Stage of Testing the Prestressed Beam. After
completing all operations for creating the
prestress in the solid timber element with
combined reinforcement and following the full
curing of the adhesive, experimental testing of
the prestressed beams SBR30 (Prst) and SBR45
(Prst) was carried out.

The results of the experimental tests were
recorded in the test logbook and, after
processing, are presented in Fig. 9 for the
SBR30 (Prst) beam and Fig. 10 for the SBR45
(Prst) beam.

The prestressed timber beam with combined
reinforcement, which was prestressed to a 0.3
load level, failed completely due to fiber
rupture in the tensile zone of the timber. The
failure of the second beam occurred through
timber splitting along the grain. This indicates
that the influence of shear stresses in
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prestressed combined reinforced solid timber
beams is extremely significant, and therefore, a
methodology for strengthening inclined cross-
sections of such elements should be developed

in the future.
40
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Fig. 9 Theoretical (1) and experimental (2)
curvature values depending on the applied
load in the midspan section of the
SBR30(Prst)  beam  with  prestressed
combined reinforcement, with deviation
limits from -10% to +10% (3) of the
established theoretical bending moment value
Puc. 9 Teopernuni (1) Ta ekcriepuMeHTaNbHI
3HaueHHs (2) KPUBHHU B 3aJEKHOCTI BII
MPUKIIAACHOTO HAaBaHTAXCHHA B  CEpPCI-
HeoMy Tmepepisi Oamkm SBR30(Prst) 3
MOTIEPEAHRO0 HANPY>KEHHM KOMOiHOBa-HUM
apMyBaHHSIM 3 MeXaMu BiaxwuieHs Bix -10%
mo  +10% (3) Big  BCTa-HOBJICHOTO

TECOPETUYHOT'O 3HAYCHHS 3TrUHAJIBHOTO
MOMCHTY
)
A BN
ED : ot
0,02 o 002 008 006 008

Fig. 10 Theoretical (1) and experimental (2)
curvature values depending on the applied load
in the midspan section of the prestressed
combined reinforced beam SBR45(Prst) (3 —
range of experimental data distribution +£10%)
Puc. 10 TeoperuuHi (1) Ta ekcriepuMeHTaIBHI
3Ha4eHHA (2) KPUBHHH B 3aJI€KHOCTI BiJ
MIPHUKIIAZCHOTO HABAHTAXKEHHS B CEPEIHHOMY
nepepisi MIOTIEPEIHBO HanpyXKeHoi
KoMOiHOBaHO apMoBaHoi Oanku SBR45(Prst) (
3 — Mexi pO3MOAUTY EKCIIEpUMEHTAILHUX
3HaueHb £10%)
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The deflection—-moment growth diagrams
for solid timber beams are shown in Fig. 11:
unreinforced beams — SB, solid timber beams
with passive combined reinforcement — SBR,
prestressed combined reinforced solid timber
beams - SBR30 (Prst), and prestressed
combined reinforced solid timber beams —
SBR45 (Prst).

As a result of the study, it was established
that the ultimate moment according to the
second limit state, which is determined based
on the ultimate deflection of the element in the
tested solid timber beam, increases with the
addition of reinforcement in both the
compressive and tensile zones. It was also
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CONCLUSIONS AND
RECOMMENDATIONS

Enhancement of the load-bearing capacity
and stiffness of timber beams with combined
reinforcement: The introduction of steel and
composite reinforcement, as well as the
application of prestressing in the composite
strip, significantly increases the stiffness and
load-bearing capacity of timber beams,
reducing deflections and ensuring a more
uniform stress distribution across the cross-
section.

Effectiveness of prestressing the composite
reinforcement: Creating prestress in the Sika
CarboDur S-512 carbon fiber strip in the tensile
zone provides residual deflection and increases
the ultimate moment, allowing improved beam
performance under high loads without the need
for additional complex devices.
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found that the creation of prestressing in the
composite reinforcement of the tensile zone
further increases the ultimate moment
corresponding to the beam’s deflection limits.

An increase in the initial curvature, which
arises due to higher levels of prestressing,
additionally enhances the ultimate moment
according to the second limit state. The effect
of increasing prestress is significant; however,
it is critical not to exceed the service-level
deflections of the unreinforced solid timber
flexural element when applying prestress to the
Sika CarboDur S-512 carbon strip.

Fig. 11 Deflection-moment diagrams for solid
timber beams with graphical
determination of the ultimate deflection
for: 1 — SB; 2 — SBR; 3 — SBR30(Prst);
4 — SBR45(Prst)

Puc. 11 [liarpamu IpoTrHHIB BiJ 3pOCTaHHS
MOMEHTIB JJ1s1 0aJI0K 3 LUIBHOT
JIEpEBUHU 3 TpadiuHIM BCTaHOBICHHSM
rpaHUdHOTO poruHy misi: 1 —SB; 2 —
SBR; 3 - SBR30(Prst); 4 - SBR45(Prst)

Failure characteristics: Prestressed beams
with combined reinforcement exhibit different
failure mechanisms: at lower levels of prestress,
failure occurs through timber fiber rupture in
the tensile zone, while at higher levels, splitting
along the grain is observed. This indicates a
significant influence of shear stresses and
highlights the need for further research to
strengthen inclined cross-sections.

Practical application and recommendations:
The results of the study can be used for the
design of new and the reconstruction of existing
timber structures with large spans, as well as for
the development of methodologies, regulatory
documents, and guidelines regarding the
reinforcement and prestressing of timber
beams.
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EKCIIEPUMEHTAJIBHI
JOCHIIKEHHSA TIOITEPEIHBO
HAIIPY>KEHUX JEPEB’SIHUX BAJIOK
I3 HIJIbHOI JEPEBUHHA

Henuc MUXAHTIOBCHKUH
Ilempo  OMOH

AHoTamist. Y CcTarTi HABENEHO pe3yNbTaTH
KOMIIJIEKCHUX €KCIIEPUMEHTAIbHUX 1 TEOPETUYHUX
IOCHIKEHb  pOOOTH  JIepeB’slHMX — Oallok i3
KOMOIHOBaHHUM apMyBaHHSIM, Yy SIKHX OJHOYacHO
BUKOPUCTAHO CTaJeBY Ta KOMIIO3HTHY apMarypy.
Taxuit miaxif 103BOJISE TIOEHATH BUCOKY MIITHICTh
1 YKOPCTKICTH CTaii 3 MaJol0 Barol0 KOMIO3UTHUX
MarepiamiB, mo  3a0e3meuye  palioHaJIbHE
BUKOPUCTAaHHs ~ MaTepiasiB 1  MiJBUILEHHA
e(eKTUBHOCTI KOHCTPYKIIii.

OcHOBHa yBara MpHIiIeHa PO3pOOJEHHIO Ta
MpaKTHYHIM  peamizamii  MeTOAy  CTBOpPEHHS
MOMEPEAHLOTO  HANpY)KEHHsT B KOMIIO3UTHIH
CTPIYKOBif apMaTypi, pO3TalIOBaHii y pO3TATHYTii

30Hi Oamku. 3ampomoHOBaHWi  cmocid €
TEXHOJIOTYHO MPOCTHM, HE norpedye
BUKOPUCTAaHHS  CKJIAQAHOTO  abo  JOpororo
CIIeIiamizoBaHoTo  oOJaJHaHHA, MOXe OyTH

peanizoBaHWil y JabopaTopHHMX yMOBax 1 Ha
MIIIPHEMCTBAX MaJIOl Ta CEPeTHBOI MOTYXKHOCTI.
OmnucaHo MOCIHIJOBHICTh BUKOHAHHA OTEpallii i3
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NOTIEPETHBOTO HaTATYBaHHS KOMIIO3UTHOT
apMaTypu, Qikcanii ii B JAepeB’siHiii OCHOBI Ta
NOJANbIIOTO0  BHUIOTOBJEHHS  3pa3KiB A
BUTIPOOYBaHb.

Y po0oTi AeTalbHO TPEACTaBICHO METOIUKY
NPOBENICHHSI  eKCIIEPUMEHTAJIbHUX  JOCHiIKEHb,
BKJIFOYHO 3 OIMCOM CXEMHU HABAaHTAXKEHHS, THIIIB
BUMIpIOBAIBHOTO 00JagHaHHs, cOco0iB Qikcamii
TIepPEeMIIICHb i nedopmarii. Busznagueno
3aKOHOMIPHOCTI J1e)OPMyBaHHSI Ta BCTAHOBJIEHO
0COOIMBOCTI pyWHYBaHHS MOTIEPETHBO
Harnpy>XeHnX KOMOIHOBaHO apMOBAHMX JEPEB’ THUX
Oaok. [MobynoBano eKCIIepUMEHTAaTbHI
3aJ€KHOCTI  THUIy  «MOMEHT—KPHUBHHa»  Ta
«MOMEHT—TIPOTHHY», $SIKi J03BOJISIIOTH KUIBKICHO
OLIHUTH BIUIMB MOIE-PEIHbOI0 HANPYKCHHA Ha
JKOPCTKICTH 1 MILIHICTh €JIEMEHTIB.

PesynbTaTd  IOCHIIKEHb MIATBEPAWIH, IO
BBEACHHSI  MOMEPEIHHOTO  HANpPYKEHHI B
KOMIIO3UTHIN apMaTypi CYTTEBO TiJBHUIIYE HECYUy
3JIaTHICTh Ta JKOPCTKICTh JIEPEB’SIHUX CJIEMEHTIB,
3MEHIlyE TPOTHHH Ta  3a0e3redye  OLIbII
PIBHOMIpHUI PO3IOIIN HANIPY>KEHb Y Tepepisi.

Otpumani pe3yiabTaTH MalOTh BAKIWBE Ipak-
TUYHE 3HAYCHHS Ta MOXYTb OyTH BUKOPUCTaHi MpH
MIPOEKTYBaHHI HOBHX 1 PEKOHCTPYKINI ICHYIOUMX
JIepeB’THUX KOHCTPYKIIiK, 0COONMBO B OYMIBIAX i
CTOpYy/iaX i3 BEJIMKUMH MPOJILOTAMH, & TAKOXK MPH
pPO3pO0JIEHHI HOBHX HOPMATHBHUX JOKYMEHTIB,
PEKOMEHJAIli 1 METOJUYHUX MaTrepialiiB 100

pO3paxyHKy, BUTOTOBJICHHS Ta  MiJCHJICHHS
JIepeB’SHUX  KOHCTPYKLIH 13  KOMOiHOBaHUM
apMyBaHHSIM.

Kiarouosi cJI0Ba: nepeB’siHi OaKu;

KOMOIHOBaHE apMyBaHHs; KOMIIO3MTHA apMaTypa;
TIOTIEPETHE HAIIPYKESHHS.
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