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Introduction

Both in the production engineering of construction elements from wood, and in the load-
bearing capacity calculations, where real operating conditions are taken into account, there are
necessary to consider the material creep. Often for describing of the wood deformational
properties the rheological equation for typical viscous-elastic body is used [1], [2]

nEs+He=no +0o, (1)
where, n — relaxation time;
E — momentary elastic modulus;
H — long-term elastic modulus;
€ — deformation;
O — stress.

However this differential equation in many cases incompletely describes experimental
results, therefore B.Ogarkov [3] suggests to improve the rheological equation of typical
viscous-elastic body with the creep curve shape coefficient o (hereafter abbreviated called
for “complemented rheological equation”):
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Unambiguous method for the determination of coefficients n, H, & in equation (2), is not
developed, therefore the method for determination of these coefficients was developed and
advantages what opens this equation for describing of various wood material creep curves
were checked.



Determination of coefficients for complemented rheological equation

Relevancies for determination of coefficients are acquired and checked for creep in case
of constant stress, but as for foundation of produced method is taken the rheological equation
for typical viscous-elastic body which can be used in solving of different rheological, then
probably the determined coefficients are applicable also in other rheological tasks, for
example, in case of stress relaxation.

For description of creep curves the dependence, which is obtained by integration of
differential equation (2) in case of constant stress, is used.

H(tY*
- B N i 5} o
E H E

Creep curve shape coefficient « is obtained from the equation (3) by equalizing the
long-term elastic modulus H to the experimentally obtained elastic modulus at the end of
experiment £, , and transforming the equation in a form
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and &, - final experimentally obtained longitudinal deformation;
&, - initial deformation of sample.

The deformations in time moment’s ¢; and ¢, determined using equation (4) could be
united in equation system
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and ¢ — experiment duration.
As the time ¢, is two times larger than time ¢;, the equation system (6) is transformed in the
form

_Egt]
€8 "6 _ , Ea"
Ep— €&
o (i
_Lph :
83_82 =|e E-n®
&g — &




The relevance for determination of creep curve shape coefficient «, characterized with four
experimentally obtained values of longitudinal deformations in different time moments, is

stated from equation system (11):
In Ep &
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Relaxation time n is determined from the equation (3) by equalizing the power function
of exponent to one, and replacing time ¢ with time ¢,
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tx — time moment, when the experimental longitudinal deformation has reached the value ¢, ,
according to [4].
gk:5o+(53_‘90)'(1_e_]) (14)

Long-term elastic modulus H is determined in several stages. Initially its value is
assumed equal with experimentally obtained elastic modulus in the end of experiment £, .

Afterwards a value is gradually changed with the purpose to bring the calculated deformation
in the end of creep curve nearer to the experimentally obtained until they match. Relaxation
time 7, at each selected value of elastic module E,; is determined from dependence
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The last determined value of elastic module £, using which the calculated end point of

n/:

creep curve matches with the experimentally obtained, is the long-term elastic modulus H of
material.

Experimental results

The advantages of developed method are analysed for experimentally obtained creep curves
of five different wood material elements in bending - Douglas-fir beam [5], three-layer
medium density particleboard plate, 3-ply plywood plate [6], composite hardboard-webbed I-
beam with Douglass-fir flanges [7] (hereafter abbreviated called for “I-beam-1") and
composite plywood webbed I-beam with Douglass-fir flanges [7] (hereafter abbreviated
called for “I-beam-2”). Most of creep experiments took place in uncontrolled interior
environments: tests with Douglas-fir beams were conducted in an unheated, enclosed building
with natural ventilation [5], tests with particleboard plate and composite hardboard-webbed I-
beams were conducted in building heated in winter, but there were no humidity control [7],
only in an experiment with plywood plate, the temperature in the time of loading was
constantly 21.1°C [6].

Creep curve calculated using “complemented rheological equation”, with the values of
rheological coefficients H, n, o (see 10™ row in table 1) determined using developed method
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(hereafter abbreviated called for “gradual approximation method”) are graphically compared
with creep curves obtained using:

1. equation for typical viscous-elastic body [1];

2. “complemented rheological equation”, with creep curve shape coefficient o
calculated using formula (12) from lit.[4], relaxation time » calculated using formula
(7) from lit.[4] and long term elastic modulus H is equalized to Ejp (hereafter
abbreviated called for “complemented rheological equation with coefficients «, n,
H=Ep");

3. “complemented rheological equation”, with creep curve shape coefficient «
calculated using formula (12) from lit.[4], relaxation time » calculated using formula
(7) from lit.[4] and long term elastic modulus H is gradually approximated to its true
value so that the end point of calculated creep curve matches with the experimentally
obtained (hereafter abbreviated called for “complemented rheological equation with
coefficients «, n;=f(H), H=Ep”). The elastic modulus can be approximated in the
case of every rheological equation, therefore to objectively compare existing method
for determination of coefficients & and n with the developed “gradual approximation
method”, the approximation of long-term elastic modulus for “complemented
rheological equation” was performed,;

4. “complemented rheological equation”, with creep curve shape coefficients & and n
calculated using formulas (4) and (11) of developed method, and long term elastic
modulus H equalized to Ejp (hereafter abbreviated called for “complemented
rheological equation with coefficients o , nj=f( a , H), H=Ep”). This curve is
constructed in a compare intention with the “complemented rheological equation”,
which is taken for foundation of produced method, and where gradual approximation
of long-term elastic modulus is not applied too. In the calculations of load bearing
constructions determinant is the resulting deformations, not the deformations in the
process of creep, therefore in the calculations of building constructions
approximation is obligatory.

1.table. The parameters of experimentally checked samples used in the calculations of creep curves

Element, its Particleboard
Nr. material | Wood beam lat Plywood plate | “I-beam-1" | “I-beam-2"
p-k. | Notation (see fig.1) prate (see fig.3) (see fig.4) (see fig.5)
(see fig.2)
of parameter
1. o, [kN/em’] 0.797 0.682 0.327 0.345 0.329
2. M, [kN-cm] 0.399 1.867 0.911 299.365 299.365
3. t, [years] 12.27 21.55 0.23 3.49 3.49
4. uy, [mmj] 8.74 2.25 1.73 2.16 3.98
5. ug, [mm] 25.77 9.16 2.59 4.04 6.87
6 Coefficients of creep (327.18; (132.43; (363.10; (771.46; (428.77,
| curve for the 1 case ™! 0.768; - ) 1.455; -) 0.013;-) 0.282; -) 0.324; -)
7 Coefficients of creep (327.18; (132.42; (363.10; (771.46; (428.77,
| curve for the 2 case ™ | 0.768; 0.340) | 1.455; 0.466) | 0.013, 0.580) | 0.282; 0.373)|0.324; 0.534)
8 Coefficients of creep (180.00; (30.00; (358.00; (650.00; (405.00,
| curve for the 3 case ¥ | 0.423; 0.340) | 1.455; 0.466) | 0.013, 0.580) | 0.237; 0.373)|0.306, 0.534)
9 Coefficients of creep (327.18; (132.42; (363.10; (771.46; (428.77,
" | curve for the 4 case ™ | 0.233; 0.476) | 0.219; 0.425) | 0.013, 0.939) | 0.170; 0.552)|0.238; 0.644)
10 Coefficients of creep (303.00; (116.00; (363.10; (750.00; (425.00,
" | curve for the 5 case | 0.198; 0.476) | 0.160; 0.425) | 0.013; 0.939) |0.161; 0.552)|0.235; 0.644)

“In the rows 6.+10. are declared values of rheological coefficients (H; n, « ), when describing creep curves with:
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! equation for typical viscous-elastic body;

2 «

complemented rheological equation with coefficients o , n, H=Ep";

3 “complemented rheological equation with coefficients o, n;/=f(H), H=Ep;";
* “complemented rheological equation with coefficients o, n=f(a ,H), H=Ep”;
? “gradual approximation method”.

Rheological coefficients H, n, o are calculated for every material from experimentally
obtained creep curves (see fig.1+5). In the calculations of creep curves were assumed that
bending stress distribution in the cross-sections of wood elements is constant all the time of
element loading and stresses in the compressed and tensioned parts of cross-section are equal.
The elastic modules of materials in the appropriate time moments were calculated from the
deflections declared in publications [5]+[7] (deflections of specimens at the experiment
beginning u, and in the end up see in table 1). The maximal longitudinal deformations of
specimen were calculated using Hooks law with long term elastic modulus A. The maximal
bending stresses o (see table 1) in outer fibers were calculated as a division of maximal
bending moment M and section modulus of cross-section.
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Fig.1. Loading scheme, cross-section and creep curves of Douglas-fir beam, if load P=0.526 kN.
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Patterns applied in graphic:
Experimental results [5];
Calculation using rheological equation for typical viscous-elastic body;,
used “complemented rheological equation with coefficients o, n, H=Ep”;
used “complemented rheological equation with coefficients « , nj=f(H), H=Ep;”;
used “complemented rheological equation with coefficients o , n;=f(a , H), H=Ep";
used “gradual approximation method”.

Creep curves calculated using the rheological equation of typical viscous-elastic body,
“complemented rheological equation” and “gradual approximation method” were compared
with the experimentally obtained creep curves (see table 2). In all the cases maximal
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difference from the experimentally obtained deformations, are the smallest in case of
developed “gradual approximation method”.
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Fig.2. Loading scheme, cross-section and creep curves of particleboard plate, if load g=2.562 kN-m
Patterns applied in graphic:
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Fig.3. Loading scheme, cross-section and creep curves of plywood plate, if load q=4.323kN/cn’.
Patters applied in graphic:

—X—  Experimental results [6],;

—x—  Dispersion borders of the experimental results [6];

decoding of patterns = O -, —,—8%— ,— @& — gecinfigl.
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Fig.4. Loading scheme, cross-section and creep curves of composite wood I-beam-1, if load P=1.089 kN.
Patters applied in graphic:
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Fig.5. Creep curves of composite wood I-beam-2.

Patters applied in graphic:
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—x—  Dispersion borders of the experimental results [7];
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2.table. Differences of the calculated creep curves from the experimentally obtained creep curve.

Time period of declared | difference [%] in the time period difference [%)] in the time period
maximal difference: f+ ty ? t% 1,
Pattern of the
Nr calculation
i method* | ——— —0— — - _ —0— — .-
p-r Element,
its material
1. Wood beam +23.81 +20.42 -15.73 -10.62 +27.67 -8.26
2. Chipboard plate +42.14 +34.07 +10.15 | +18.09 | +31.80 -17.56
3. Plywood plate -4.05 -7.35 -4.80 -2.89 + 3.06 -2.51
4. “I-beam-1" +9.50 + 5.96 -4.48 -4.51 +11.86 -2.43
5. “I-beam-2" + 3.81 -3.32 -4.07 -8.85 +6.78 -5.73
Patters applied in table:
Calculation using rheological equation for typical viscous-elastic body;,
— O —  used “complemented rheological equation with coefficients o, n, H=Ep”;
— & — used “gradual approximation method”.

More precise creep curve is obtained when for the calculation of creep curve is used the
“complemented rheological equation with coefficients e, n;=f(H), H=Ep;”” not the “gradual
approximation method”. However, the advantage of developed “gradual approximation
method” is in the determination of coefficient o , which is determined from four
experimentally obtained longitudinal deformations at time moments #,, t3/4, t3/2 and tz. Only
three longitudinal deformations are used when calculating coefficient & using [4], but two
from them must be found with single condition - one of longitudinal deformations must be
several times larger than other. Therefore using coefficient & calculated with previously
developed dependence [4] there is need for complete experimentally obtained creep curve.

Conclusions

Unambiguous “gradual approximation method” for the determination of creep curve
shape coefficient, relaxation time and long-term modulus is developed for the
rheological equation for typical viscous-elastic body, which is complemented with
creep curve shape coefficient;

Creep curves of five different wood materials were calculated using the developed
method and compared with creep deformations of bent elements - Douglas-fir beam,
three-layer medium density particleboard plate, 3-ply plywood plate, composite
hardboard-webbed I-beam with Douglass-fir flanges and composite plywood webbed
I-beam with Douglass-fir flanges;

Creep curves calculated using the rheological equation for typical viscous-elastic body,
the rheological equation for typical viscous-elastic body, which is complemented with
the creep curve shape coefficient, and “gradual approximation method” were
compared with the experimentally obtained creep curves. The difference from the
experimentally obtained deformations for mentioned wood material elements were
smallest in all the cases when rheological coefficients for calculated creep curve were
determined using proposed “gradual approximation method”.

This work has been partly supported by the European Social Fund within the National
Programme “Support for the carrying out doctoral study programm’s and post-doctoral
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researches” project “Support for the development of doctoral studies at Riga Technical
University”.
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egles koksnes brusu plauktiem un saliktai dubult-T profila sijai ar saplaksna loksnes sieninu un duglazijas egles
koksnes brusu plauktiem. Izmantojot reologiskos koeficientus, kas noteikti lietojot izstradato koeficientu
noteikSanas metodiku atSkirtbas starp aprékinatam un eksperimentali noteiktam Sliudes ltkném ir mazakas ka
gadijumos, kad aprékinatajam Slides liknem izmantoti reologiskie koeficienti, kas noteikti lietojot ieprieks
izstradatas metodikas.

Baikovs A., Rocens K. Creep approximation method for bent wood material elements.

Method for the determination of creep curve shape coefficient, relaxation time and long-term modulus is
developed for the rheological equation for typical viscous-elastic body, which is complemented with creep curve
shape coefficient. Experimentally obtained deformations in five time moments are used to determine the
rheological coefficients with developed method.

Creep curves of five different wood materials were calculated using the developed method and compared with
creep deformations of bent elements - Douglas-fir beam, three-layer medium density particleboard plate, 3-ply
plywood plate, composite hardboard-webbed I-beam with Douglass-fir flanges and composite plywood webbed
I-beam with Douglass-fir flanges. Using rheological coefficients calculated with developed method of coefficient
determination, the difference between calculated and experimentally obtained creep curves are smaller than in
the cases when for calculating of creep curves are used rheological coefficients determined using beforehand
developed methods.
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bauxkoec A., Pouyenc K. Memoo annpokcumayuu deghopmayuu noazyuecmu ZHymulx e1eMeHmos u3
opegecumbl.

Paspabomannas memoouxa onpedenenus KoeqpuyueHmos Gopmvl Kpusou noa3yuecmu, peMeHu peraKcayuu u
ONUMENHO20 MOOYIISL YUPY2OCTU 0I5l PEONIO2UHECKO20 YPAGHEHUsST MUNUYECKO20 BS3KO-YNPY2020 meid, KONOopblil
oononnen Koeguyuenmom gopmu Kpugon noazywecmu. Onpedenvas peojocudeckue Koeguyenmu ¢
8bIPAOOMAHHOU  MEMOOUKOU U3NOL3Yemca 3HAYEHUS! eKCNePUMEHMAIbHO OnpedeseHHblx  degopmayuil
RONZYyHeCmu 6 NsMu MOMEHMAX BPEMEHHU.

Bocnonvsysice  paspabomannoil. MemoOuxou, GbIMUCIEeHbl KpUeble NOAZYYECmu NAMb PA3HbIX OPEGeCHbIX
MaAmMepuanos U CpasHeHHvl ¢ OePOpMAYUAMU NOAZYUECHU CSHYMbIX eIeMEHmo8 — Oaiku u3 OpeeecuHvl
JIOJICHOMCY20801l  ellU, MPEXCAOUHOU CMPYHCEUHOU NAUMU CPeOHell NAOMHOCMU,  WIUMU U3 MPexclouHOU
Ganepu, cocmasHoll 08YMABPOBOU OAIKU CO CMEHKOU U3 CMPYHCEUHOU NAUMU U NOAKAMU U3 OpeBecuUHbl
JIOJCHOMCY20801 €U U COCMABHOU 08YMABPOBOU DANKU CO CMEHKOU U3 hanepvl U NOIKAMU U3 OpeBeCUHbl
JooicHomcy2080u enu. Mcnoaw3ys peonozuueckue Koeguyuenmol onpedeientvie ¢ paspabomanHot MemoouKoll
onpeodenenusi KoeuyueHmos, pasHuya mMexcoy 6bI4UCIeHHbIMU U eKCREPUMEHMATbHO ONPeOULeHHbIMU KPUGLLMU
NON3YHeCmu MeHule YeMm 8 CyHasx Ko20d OJis GbIMUCTeHUsS. KPUBLIX NOJI3YHeCmU U3NOIb308AHHU PEONIOCUYeCKUe
Koeghuyuenmu, Komopue onpeoeenvl UCNON3Ys npelcoe paspabomanivie MemoouKu.
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