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DEFORMATION OF ROUND PINE ASSORTMENT
OF CONSTRUCTION SIZE

Urgency of the research. Study of wood behavior under load will allow us to deepen our understanding of technologi-
cal processes and evaluate performance characteristics of finished product.

Target setting. Knots are the main flaw that forming defects. Their influence on strength and deformation of small di-
ameter wood has not been studied yet. Therefore, determination of indicators for wood mechanical properties with defects,
taking in consideration their moisture content will allow to determine beams design in wooden structures.

Actual scientific researches and issues analysis. There are some studies today how to determine mechanical state of
wood under different methods of load application. However we don’t have publications which examine the issues of applying
load to samples of construction dimensions with defects.

Uninvestigated parts of general issues defining. Construction is one of the main wood consumer. It is known that wood
structures can come as round wood of coniferous and hardwood . The presence of wood flaws such as knots and cracks af-
fects it’s strength significantly. It should be noted that experimental and theoretical results of studies of wood flaws influence
on its strength refer only to the presence of knots in lumber. Dependence of round timber strength characteristics on flaws
and wood moisture content is not well understood. In this regard it becomes necessary to determine these dependencies and
opportunity to use small diameter logs in building structures.

The research objective. The main purpose of this study is to present some results of experimental investigation of how
deformation of small diameters round pine assortment depends on presence of knots and moisture content under compression
parallel to grain.

The statement of basic materials. This article presents some study results about a pattern of deformation development
in small diameters round pine assortments depending on size of knots and wood moisture content. Deformation was higher in
test samples with knots and moisture content above saturation limit of cell walls than in control samples. The lower defor-
mation was observed in dry samples with W — 16-18 %% as well as in samples with the knots. Total value of residual defor-
mation of dry wood is determined . It should be noted that dry wood has residual deformation after 30" loading cycle.

Conclusions. It is determined that under application of compressive static load along the grain with the upper compres-
sion limit which is lower than conditional limit of proportionality the process of deformation for wood with knots and without
knots is almost the same. The control samples were deformed less and deformation value of samples with knots had higher
numerical value and increased with the size of the knots.
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Introduction. Wood has been used since ancient times as a building material. Its strength
can compete considerably with steel, exceeding steel’s thermo technical parameters. The
wood perfectly withstands compressed and tensile states. The operational quality of wood
quite often results in deformations taking into consideration the time factor and exposure to
loads. Study of wood behavior under load application will allow us to deepen our understand-
ing of technological processes and evaluate performance characteristics of finished product. It
will give us opportunity to use small cross-section wood for structural elements efficiently.

Target setting. Knots are the main flaw that forming defects. Their influence on strength
and deformation of small diameter wood has not been studied yet. Therefore, determination of
indicators for wood mechanical properties with defects, taking in consideration their moisture
content will allow to determine beams design in wooden structures.

Actual scientific researches and issues analysis. The study of wood strength under last-
ing loads and it’s deformations were conducted by some scientists such [1-8].The studies [9]
have shown that lasting use of wood largely depends on operating conditions. The necessity
of calculation of timber structure elements has led to a number of studies concerning the im-
pact of reloads on wood deformation.

For the first time the detailed studies have been conducted by Y. M. Ivanov [2, 3] for dif-
ferent mechanical conditions of the wood when deformations are proportional to the strain
and beyond of elastic stress, i.e. irreversible changes and permanent deformations occur. The
test were carried out on small samples without defects. Research of deformation of circular
cross- section wood of construction dimensions with defects was not conducted. Thus this
study objective was to investigate deformation dependence on knots and moisture content of
the round assortments of small diameter pine.
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Uninvestigated parts of general issues defining. Construction is one of the main wood
consumer. It is known that wood structures can come as round wood of coniferous and hard-
wood. The presence of wood flaws such as knots and cracks affects it’s strength significantly.
It should be noted that experimental and theoretical results of studies of wood flaws influence
on its strength refer only to the presence of knots in lumber. Dependence of round timber
strength characteristics on flaws and wood moisture content is not well understood. In this
regard it becomes necessary to determine these dependencies and opportunity to use small
diameter logs in building structures.

The research objective. The main purpose of this study is to present some results of ex-
perimental investigation of how deformation of small diameters round pine assortment de-
pends on presence of knots and moisture content under compression parallel to grain.

The statement of basic materials. The studies have been conducted to identify the patterns
of deformation development. Work samples were selected in two regions of Ukraine (condi-
tionally designated as 1% region and 2™ region). Growth conditions and age of the trees were
approximately the same. The age of trees was about 50-60 years. Samples were cut from dead
crown area of the trees. It was provided 15 logs totally. They were used for samples making.

All samples were divided into lots, diameters fluctuation of the logs was 14-24 cm, for the
knots it was 40—73 mm, the height of the samples was equal to two diameters [10]. Each lot of
samples contained a control group without defects. During the testing some samples were
dried to moisture content of 16—18 %. Bark was removed from logs for even drying. Drying
was carried out in a heated premises. At the same time some part of samples exceeded a fiber
saturation point. The test were conducted on the test machine UMM 200 (Figure 1).

Elastic deformation of control samples was observed in the first cycle. These deformations
gradually decreased during subsequent cycles of loading and disappeared after the 20" cycle.

Fig. 1. Testing machine UMM-200

Diagram of deformation was recorded in P coordinates deformation during the test. A
special measuring complex was used to record compression diagram. To measure deformation
of samples II shaped electromechanical strain gauges with movement measurement bases are
used for measuring samples deformation. The strain gauge consisted of rigid stand, two elas-
tic elements with glued-on strain gages and special knives for mounting on the measuring ob-
ject. The measuring complex was pre-calibrated using certified dynamometer DOS-100.
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Fig. 2. Electromechanical strain gauge

Strain gauge was attached to sample with special elastic threads. In a case of changing the
sample size as a result of its loading by compressive force the distance changed between the
points of contact of strain gauge knives and sample cuts. At the same time there was a bending
of elastic elements on which strain gages were glued. Before testing, the diameters of samples
were measured, base of deformation measurements was marked and showed 80 and 100 mm.

According to the test procedure the samples were loaded slowly. Then load was gradually
removed and loading was stopped after reaching the upper limit of loading. The load was ap-
plied to the samples 30 times during this test. Each succeeding cycle of loading took place
after samples unloading and resting for 5 min.

The voltage at the upper level was assumed to be equal to 16,5 MPA which corresponded
to average 0,68 of conditional level of proportionality and 0,55 level of strength, obtained
from our previous test.

Both lots of control samples with moisture content of W > 30 % had less deformation val-
ue after first cycle of loading than the samples with knots and we observed it’s decrease in the
next cycle. Deformation of the samples from the second region showed decrease by 8.1%
from the first to the thirty cycles, and for the first region control samples respectively by 8.5
%. Deformation of the samples with the knots d = 39 — 40 mm were higher than control ones
by 6.3 — 7.1 % at the end of the testing and decreased by 5.8 — 6.1 %. Deformation of the
samples with the knots d = 69 — 70 mm were higher by 8.7— 10.9 % compared to control sam-
ples and decreased by 6.3 — 6.6 % at the end of the testing.

Deformation of the samples with the knots also increased with increase of the knots size
and was 1,5 times higher compared to control samples. Deformation occurred in each cycle
after unloading and its value was approximately the same. Deformation was always present
after the load was removed from the sample then it completely disappeared after “rest” for 40
— 60 min and samples returned to their original size (Table 1).

Total value of permanent deformation of dry wood after the 1% cycle of loading is higher
almost 2 times than all control wet wood and for the samples with knots d =41- 42 mmis 1.5
times higher, and samples with the knots d = 71 — 73 mm is higher by 18 % (Figure 3).
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Table 1
Wood deformation under compression along the grain during repeated static
load application, W > 30%

Ind | 2nd | 5th | 10th | 20th | 30th
€
Ist region
Control samples
23.14%/190* [ 21.52/0.90 | 21.48/0.65 | 21.41/037 [ 2145/0 | 21.49/0
Samples with knots d =40 mm
24.78/226 | 23.95/2.06 | 23.47/1.99 | 23.43/1.84 | 23.24/166 | 2327/151
Samples with knots d = 69 mm
25.63/320 | 25.19/3.03 | 24.85/2.16 | 2481/2.11 | 24.57/2.05 [ 24.03/2.01
2nd area
Control samples
23.17/1.63 | 21.60/1.00 | 21.50/0.60 | 21.37/040 | 21.42/0 | 21.45/0
Samples with knots d = 39 mm
24.63/222 | 23.88/2.02 | 23.42/183 | 2339/1.80 | 23.22/1.60 | 23.21/1.49
Samples with knots d = 70 mm
25.69/322 | 2521/3.07 | 24.89/219 | 24.83/2.00 | 24.60/1.98 | 24.10/1.97

* — in numerator - deformation under load
* — denominator - after removal of the load
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Fig. 3. Wood deformation with the knots d= 39 — 41mm after unloading
at different moisture content for example samples from the first region.

Complete and permanent deformations of the samples with knots have a smaller value.
Obviously the knot which has a higher density works as a wedge that reduces wood defor-
mation. V. N. Volynskii [7] noticed the reinforcing role of the knots for boards.

Conclusions. This paper presents the results of an experimental research and analyses in-
dicating that under repeated application of compressive static load along the grain with upper
compressive limit which is lower than conditional limit of proportionality the process of wood
deformation with the knots and without them is almost the same.

The value of deformation of control samples in all lots were less than for control samples
with knots and slightly increased after the first cycle of loading. It remained almost un-
changed after then. The control samples were deformed less, deformation value of the sam-
ples with knots had a greater number and increased with the larger sizes of the knots.
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Hamania Byticokux

JE®OPMATHUBHICTD KPYI'JINX COPTUMEHTIB COCHHA
BYIIBEJIBHUX PO3MIPIB

Axkmyanvnicms memu 00cnioyicennn. Busuenns nosedinku depesunu nio HABaHMANCEHHAM 0ACb 3MO2Y NOTUOUMU Y6~
JIeHHs1 PO NPOMIKAHHST MEXHONLOZIYHUX NPOYECi8 Ma Oamu OYiHKY eKCILY AmAayitinuM XapaKmepucmuKam 20moeoi npoOoyKyii.

ITocmanoexa npobnemu. Bniue ocHoeHux copmoymeoproouux 6ad, a came — CyyKie, Ha MiyHicmb ma deghopmamus-
Hicmb cmosOypie Manux diamempis matidice He 00CHioANcysascs. Tomy eU3HAYEHHST NOKAZHUKIE MEXAHIYHUX GlIACMUBOCMEl
Odepesuru 3 6a0amil, 3 YPaxXy8aHHAM ix 6071020Cmi, 003601UMb GUSHAYUMU PO3PAXYHKOB] ONOPU 8 KOHCIPYKYIUIHUX elleMeH-
max oepes ssHux cnopyo.

Ananiz ocmannix 0ocnioxncens i nyonikayin. Coo200Hi ICHYIOMb 00CTIONHCEHHS 3 BUSHAYEHHS MEXAHIYHO20 CMAHY depe-
BUHU 3a PIZHUX CNOCOOI8 NPUKTIAOAHHS HABAHMAICEHH S, npome GLOCYMHI nyOnikayil, Oe 8UCGIMII0EANUCs 6 NUMAHHSL NPUKIA-
OaHH5L HABAHMANCEHHS 00 3PA3KIE OYOI6EIbHUX POIMIPIE I3 6A0AMIUL.

Buoinenns nedocnioycenux wacmun 3a2anvhoi npoonemu. OOHUM 3 OCHOBHUX HANPAMIE BUKOPUCHIAHHS OEPeBUHU €
6yoienuymeo. Bidomo, ujo depeeri KOHCMpPYKYIL ModCymb Oymu y 6u2isioi Kpyeiux JiCOMAmepianie X8OUHUx i IUCHSIHUX NO-
pio. Hassnicmo 6ao oepesunu (cyuxis, mpiwun) icmomno @niusac na ixuio miynicmeo. Tpeba 3aznayumu, wo excnepumen-
MAnbHI 1l Meopemuyti pe3yibmamu 00CILONCEHb BNIUBY 600 OEPESUHU HA iT MIYHICMb BIOHOCAMbCS UULe 00 HASIBHOCME CYY-
Kig y nunomamepianax. 3anexjcHicmv MIYHICHUX NOKA3HUKIE Kpy2nux Jicomamepianié 6i0 6ad i 601020cmi 6UBHeHd
HeooCmamuv0. V 36 513Ky 3 YUM GUHUKILA HEOOXIOHICIb SUSHAUEHHS YUX 3ANEHCHOCIEN | MONCIUBOCMT BUKOPUCTIAHHS KOO0
manux olamempig y 6y0i6enbHUX KOHCIPYKYISIX.

Memoro cmammi € 8USHAYEHHS 30A1EHCHOCNIT 0eOPMAYIT KpYSIUX COPMUMEHMIE COCHU MATUX OlaMempis 6i0 po3Mipie
CYUKIB [ 60/1020CMIi NPU CIMUCKYBAHHI Y3008IC 60NOKOH.

Buxnao ocnoenozo mamepiany. VY cmammi nagederi pe3ynomamu 00CHIOMCEH S 3aKOHOMIPHOCIEL PO36UMKY 0edop-
Mayivi Kpyanux COpmuMeHmie coOCHU Manux diamempis 6i0 po3mipie CyuKig i 6ono2ocmi Oepesuru. Y 3paskie i3 cyukamu i 3
B01102ICMIO BUIYE 30 MENHCY HACUYEHHS KITMUHHUX CIIHOK Oehopmayia Oyia euwa, Hide y KOHMPONbHUX. Y cyXux 3paskax, 3
W 16-18 % eiomiueno meHute 3Ha4eHH Oeopmayii K Ons KOHMPONILHUX 3PA3KI8, MAK i 05 3pasKie i3 cyukamu. Busnaueni
3a2aNbHA GENMUYUHA 3ATUMKO8UX Oeghopmayiti cyxoi depesunu. HeobXiono sayeancumu Hasi8HICMb 3aIUMKOBUX 0eqhopmayiti
y cyxiil dgpesuni nicisi 30-20 YUKy HABAHMAINCEHHSL.

Bucnoeku 6i0nogiono 0o cmammi. Bcmarnosneno, wo 3a Oii NOBMOPHO20 CMAMUYHO20 HABAHMANCEHHS NI YAC CIUC-
KYB8AHHS Y30084C BOJIOKOH [3 8EPXHbOI) MENHCEI0 HABAHMANCEHHS HUMCHE YMOBHOT MediCi NPONOPYIIHOCHE npoyec po36UmKYy
deghopmayii depesunu 6e3 cyuKie i 3 cyuKamu npaKkmuyHo oonaxosuil. Konmpononi 3pasku deghopmyeanucst menuie i 6enu-
yuna deghopmayii 3pasKie iz cyukamu mana Oinvlue YuceibHe 3Ha4erts i 3pocmana 3i 30L1bUeHHIM PO3MIDIG CYUKIE.

Knrouoei cnosa: depesuna; Konoou, CydoK, HABAHMANCEHHS 83008XC 60JIOKOH, Oepopmayis.

Puc.: 3. Tabn.: 1. bion.: 10.
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