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Abstract. In this article, the authors propose a method for assessing the
residual resource by changing the geometric parameters of wooden
structures. A general formula for estimating the maximum service life is
presented. Then a number of special cases are considered when calculating
the ultimate service life for the first group of limiting states. As a result,
formulas were derived for calculating the ultimate service life for various
design cases: centrally tensioned, centrally compressed, bending members,
members subject to an axial force with bending. The author considered the
determination of the rate of change in geometric parameters at the
macrolevel (visually observed changes) and microscopic (microcracks,
breaks of bonds between atoms). Formulas for determining the rate of
change of geometric parameters at the macro and micro levels are
proposed. The advantages and disadvantages of this method are presented.
The scope of its application is indicated.

1 Introduction
During the operation of wooden structures, the dimensions of the cross-section of structural
elements change. In the limit, the value of these dimensions will be minimal. Such a change
in time in the dimensions of the cross-section of the elements occurs at a certain speed.
From this it follows that other geometric characteristics of the section also change. This fact
can be used to determine the residual life of timber elements. To do this, subtract the actual
service life from the maximum permissible service life. The maximum service life will be
determined by the formula:
𝑇𝑇𝑢𝑢𝑢𝑢𝑢𝑢 =

𝑃𝑃𝑎𝑎𝑎𝑎𝑎𝑎 −𝑃𝑃𝑚𝑚𝑚𝑚𝑚𝑚
𝑣𝑣

(1)

𝑃𝑃𝑎𝑎𝑎𝑎𝑎𝑎 − value of the parameter at the moment of monitoring the technical condition;
𝑃𝑃𝑚𝑚𝑚𝑚𝑚𝑚 − minimum value of the parameter;
*

Corresponding author: korol9520@yandex.ru

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons
Attribution License 4.0 (http://creativecommons.org/licenses/by/4.0/).

E3S Web of Conferences 244, 04010 (2021)
EMMFT-2020

https://doi.org/10.1051/e3sconf/202124404010

𝑣𝑣 − rate of change of the parameter value over time.
The rate of change of the cross-sectional parameters is calculated by the formula:
𝑣𝑣 =

𝑃𝑃2 −𝑃𝑃1

𝑣𝑣 =

𝑓𝑓(𝑡𝑡2 )−𝑓𝑓(𝑡𝑡1 )

𝑡𝑡2 −𝑡𝑡1

(2)

𝑃𝑃1 − parameter value at the time of control t1;
𝑃𝑃2 − parameter value at the time of control t2;
𝑡𝑡1 − time of the previous control;
𝑡𝑡2 − time instant of current control.
Since the rate of change of the cross-sectional parameters is not the same in time, it is
more correct to write the formula in the following form:
𝑡𝑡2 −𝑡𝑡1

(3)

𝑓𝑓(𝑡𝑡2 ) and 𝑓𝑓(𝑡𝑡1 ) − are the values of the parameter function at times t2 and t1.
Later in this article, in the formulas for determining the maximum service life, the rate
of change of the cross-sectional parameters will be written in the form of the symbol v,
since the law itself can be represented by various dependencies and its choice depends on
the specific case.
Formula (1) is a general case, and it can take on a different form depending on which
cross-sectional parameter we have adopted.
In this article, in the future, we will consider various cases of determining the maximum
service life only for elements of an integral section and without curvature.
Cases will be considered when calculating only the first group of limiting states.

2 Materials and methods
Design resistance of pine, spruce and European larch wood sorted by grades should be
determined by the formula:
𝑅𝑅𝑝𝑝 = 𝑅𝑅 𝐴𝐴 ∙ 𝑚𝑚𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 ∙ ∏ 𝑚𝑚𝑖𝑖

(4)

𝑅𝑅 𝐴𝐴 − design resistance of wood, MPa;
𝑚𝑚long − coefficient of long-term strength corresponding to the load duration mode
(table 1);
When determining the design resistance, the operating conditions factors should be
applied where appropriate. Accepted in accordance with clause 6.9 according to state
Standard of Russia SP 64.13330.2017 Wooden structures. Updated edition of SNiP II-2580.
𝑚𝑚𝑣𝑣 − coefficient taking into account different operating conditions;
𝑚𝑚𝑡𝑡 − operating temperature factor;
𝑚𝑚𝑏𝑏 − coefficient for bending, eccentrically compressed, compressed-bending and
compressed glued elements of rectangular cross-section with a height of more than 50 cm
values of the design resistance to bending and compression along the fibers;
𝑚𝑚0 = 0.8 − coefficient for tensile members with weakening in the design section and
bending members from round timber with undercut in the design section;
𝑚𝑚𝑎𝑎 = 0.9 − coefficient for elements deeply impregnated with flame retardants under
pressure;
𝑚𝑚𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 − coefficient for bending, eccentrically compressed, compressed-bending and
compressed glued wooden elements, depending on the thickness of the layers, the value of
the design resistance to bending, shearing and compression along the fibers;
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𝑚𝑚𝑏𝑏𝑒𝑒𝑒𝑒𝑒𝑒 − coefficient for bent structural members values of design resistance to tension,
compression and bending;
𝑚𝑚𝑠𝑠𝑠𝑠𝑠𝑠.𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 − coefficient taken depending on the service life;
𝑚𝑚𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐. = 1.15 − coefficient for crushing across the fibers under loading conditions D-I
(table 1);
Table 1. The value of the coefficients of long-term strength for various modes of loading.

Loading modes
designation

Characteristic of loading modes

Reduced
estimated time of
the load, s

Long-term
strength
coefficient mlong

1-10

1.0

A

Linearly increasing load in standard
machine tests

B

Combined action of constant and longterm temporary loads, the stress from
which exceeds 80% of the total stress in
structural elements from all loads

108-109

0.53

C

Combined action of constant and shortterm snow loads

106-107

0.66

103-104

0.8

10-100

0.92

10-1-10-8

1.1-1.35

103-104

0.8

104-105

0.85

10-1-10--2

1.1

D
E
F
G

H

I

Combined action of constant and shortterm wind and (or) installation loads
Combined action of constant and seismic
loads
Impulse and shock loads action
Combined action of constant and shortterm snow loads in fire conditions
For supports of overhead power lines icy, assembly, wind with ice, from wire
strain at temperatures below average
annual
For supports of overhead power lines in case of breakage of wires and cables

3 Results and discussion
3.1 Determination of the residual life of the centrally stretched elements
The formula will look like this:
𝑇𝑇𝑢𝑢𝑢𝑢𝑢𝑢 =

𝐹𝐹𝑛𝑛𝑛𝑛𝑛𝑛 𝑎𝑎𝑎𝑎𝑎𝑎 −𝐹𝐹𝑛𝑛𝑛𝑛𝑛𝑛 𝑚𝑚𝑚𝑚𝑚𝑚

(5)

𝑣𝑣

𝐹𝐹𝑛𝑛𝑛𝑛𝑛𝑛 𝑎𝑎𝑎𝑎𝑎𝑎 − actual net cross-sectional area of the element at the time of inspection;
𝐹𝐹𝑛𝑛𝑛𝑛𝑛𝑛 𝑚𝑚𝑚𝑚𝑚𝑚 − he minimum net cross-sectional area of the element;
The minimum cross-sectional area is determined by the formula:
𝐹𝐹𝑚𝑚𝑚𝑚𝑚𝑚 =

𝑁𝑁

𝑅𝑅𝑝𝑝

𝑁𝑁 − calculated longitudinal force;
𝑅𝑅𝑝𝑝 − design tensile strength of wood along the grain.
After substitution in formula (5), we get:
𝑇𝑇𝑢𝑢𝑢𝑢𝑢𝑢 =

𝐹𝐹𝑛𝑛𝑛𝑛𝑛𝑛 𝑎𝑎𝑎𝑎𝑎𝑎 −𝐹𝐹𝑛𝑛𝑛𝑛𝑛𝑛 𝑚𝑚𝑚𝑚𝑚𝑚
𝑣𝑣

3

=

𝑁𝑁
𝑝𝑝

𝐹𝐹𝑛𝑛𝑛𝑛𝑛𝑛 𝑎𝑎𝑎𝑎𝑎𝑎 −𝑅𝑅
𝑣𝑣

(6)

(7)
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3.2 Determination of the residual life of centrally compressed elements
When calculating the strength, the formula will be similar to formula (5):
𝑇𝑇𝑢𝑢𝑢𝑢𝑢𝑢 =

𝐹𝐹𝑛𝑛𝑛𝑛𝑛𝑛 𝑎𝑎𝑎𝑎𝑎𝑎 −𝐹𝐹𝑛𝑛𝑛𝑛𝑛𝑛 𝑚𝑚𝑚𝑚𝑚𝑚
𝑣𝑣

=

𝑁𝑁
𝑐𝑐

𝐹𝐹𝑛𝑛𝑛𝑛𝑛𝑛 𝑎𝑎𝑎𝑎𝑎𝑎 −𝑅𝑅
𝑣𝑣

𝑅𝑅𝑐𝑐 − calculated resistance of wood to compression along the fibers.
When calculating the stability, the formula will take the form
𝑇𝑇𝑢𝑢𝑢𝑢𝑢𝑢 =

𝜑𝜑𝑎𝑎𝑎𝑎𝑎𝑎 ∙𝐹𝐹𝑐𝑐𝑐𝑐𝑐𝑐 𝑎𝑎𝑎𝑎𝑎𝑎 −𝜑𝜑𝑚𝑚𝑚𝑚𝑚𝑚 ∙𝐹𝐹𝑐𝑐𝑐𝑐𝑐𝑐 𝑚𝑚𝑚𝑚𝑚𝑚
𝑣𝑣

=

(8)

𝑁𝑁
𝑐𝑐

𝜑𝜑𝑎𝑎𝑎𝑎𝑎𝑎 ∙𝐹𝐹𝑐𝑐𝑐𝑐𝑐𝑐 𝑎𝑎𝑎𝑎𝑎𝑎 −𝑅𝑅
𝑣𝑣

(9)

𝜑𝜑act − buckling coefficient corresponding to the actual area at the time of the survey,
which is determined:
with element flexibility λ ≤ 70:
𝜑𝜑𝑎𝑎𝑎𝑎𝑎𝑎 2
)
100

𝜑𝜑𝑎𝑎𝑎𝑎𝑎𝑎 = 1 − 𝑎𝑎 ∙ (

(10)

where coefficient a = 0.8 for wood and a = 1.0 for LVL and plywood.
with element flexibility λ > 70:
𝐴𝐴

𝜑𝜑𝑎𝑎𝑎𝑎𝑎𝑎 =

𝜆𝜆2
𝑎𝑎𝑎𝑎𝑎𝑎

𝜆𝜆𝑎𝑎𝑎𝑎𝑎𝑎 =

𝑟𝑟𝑎𝑎𝑎𝑎𝑎𝑎

(11)

coefficient A = 3000 for wood and A = 2500 for plywood and wood from unidirectional
veneer.
𝜆𝜆𝑎𝑎𝑎𝑎𝑎𝑎 − flexibility of the element with the actual area at the time of the survey, is
determined by the formula:
𝑙𝑙0

𝑙𝑙0 − calculated length of the element, determined by the formula:
𝑙𝑙0 = 𝑙𝑙 ∙ 𝜇𝜇0

(12)

(13)

𝑙𝑙 − free length of the element;
𝜇𝜇0 − coefficient determined according to clause 7.23 according to state Standard of
Russia SP 64.13330.2017 Wooden structures. Updated edition of SNiP II-25-80.
𝑟𝑟act − radius of gyration of the section of the element with the maximum gross
dimensions relative to the x and y axes at the actual area.
𝐹𝐹𝑐𝑐𝑐𝑐𝑐𝑐 𝑎𝑎𝑎𝑎𝑎𝑎 − actual calculated cross-sectional area of the element;
Thus, formula (9) will take the form:
with element flexibility λ ≤ 70:

with element flexibility λ > 70:

𝑇𝑇𝑢𝑢𝑢𝑢𝑢𝑢 =
𝑇𝑇𝑢𝑢𝑢𝑢𝑢𝑢 =

𝑙𝑙∙𝜇𝜇0
𝑁𝑁
)2 )∙𝐹𝐹𝑐𝑐𝑐𝑐𝑐𝑐 𝑎𝑎𝑎𝑎𝑎𝑎 −
100∙𝑟𝑟𝑎𝑎𝑎𝑎𝑎𝑎
𝑅𝑅𝑐𝑐

(1−𝑎𝑎∙(

𝑣𝑣

𝐴𝐴∙𝑟𝑟2
𝑁𝑁
𝑎𝑎𝑎𝑎𝑎𝑎 ∙𝐹𝐹
−
(𝑙𝑙∙𝜇𝜇0 )2 𝑐𝑐𝑐𝑐𝑐𝑐 𝑎𝑎𝑎𝑎𝑎𝑎 𝑅𝑅𝑐𝑐

𝑣𝑣

4

(14)

(15)
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When calculating the stability of centrally compressed elements of a height-variable
section, formulas (14) and (15) take the form:
𝑇𝑇𝑢𝑢𝑢𝑢𝑢𝑢 =
𝑇𝑇𝑢𝑢𝑢𝑢𝑢𝑢 =

𝑙𝑙∙𝜇𝜇0
𝑁𝑁
)2 )∙𝐹𝐹𝑐𝑐𝑐𝑐𝑐𝑐 𝑎𝑎𝑎𝑎𝑎𝑎 −
100∙𝑟𝑟𝑎𝑎𝑎𝑎𝑎𝑎
𝑅𝑅𝑐𝑐 ∙𝑘𝑘𝑔𝑔𝑔𝑔

(1−𝑎𝑎∙(

𝑣𝑣

𝐴𝐴∙𝑟𝑟2
𝑁𝑁
𝑎𝑎𝑎𝑎𝑎𝑎 ∙𝐹𝐹
−
(𝑙𝑙∙𝜇𝜇0 )2 𝑐𝑐𝑐𝑐𝑐𝑐 𝑎𝑎𝑎𝑎𝑎𝑎 𝑅𝑅𝑐𝑐 ∙𝑘𝑘𝑔𝑔𝑔𝑔

(16)
(17)

𝑣𝑣

𝑘𝑘g𝑁𝑁 − coefficient taking into account the variability of the section height, determined
according to table D.2 of Appendix D (for elements of constant section 𝑘𝑘g𝑁𝑁 = 1) according
to state Standard of Russia SP 64.13330.2017 Wooden structures. Updated edition of SNiP
II-25-80.
3.3 Determination of the residual life of bending elements
When calculating for normal stresses, the formula will be as follows:
𝑇𝑇𝑢𝑢𝑢𝑢𝑢𝑢 =

𝑊𝑊𝑎𝑎𝑎𝑎𝑎𝑎 −𝑊𝑊𝑚𝑚𝑚𝑚𝑚𝑚

(18)

𝑣𝑣

𝑊𝑊𝑎𝑎𝑎𝑎𝑎𝑎 − actual calculated moment of resistance of the cross-section of the element at the
time of inspection;
𝑊𝑊𝑚𝑚𝑚𝑚𝑚𝑚 − minimum design moment of resistance of the element cross-section;
The minimum design moment of resistance is determined by the formula
𝑊𝑊𝑚𝑚𝑚𝑚𝑚𝑚 =

𝑅𝑅𝑖𝑖 − design bending resistance;
𝑀𝑀 − calculated bending moment.
After substitution in formula (18), we get:
𝑇𝑇𝑢𝑢𝑢𝑢𝑢𝑢 =

𝑊𝑊𝑎𝑎𝑎𝑎𝑎𝑎 −𝑊𝑊𝑚𝑚𝑚𝑚𝑚𝑚
𝑣𝑣

𝑀𝑀

(19)

𝑅𝑅𝑖𝑖

=

𝑀𝑀
𝑅𝑅𝑖𝑖

𝑊𝑊𝑎𝑎𝑎𝑎𝑎𝑎 −
𝑣𝑣

(20)

When calculating for shearing, the formula will look like:
𝑇𝑇𝑢𝑢𝑢𝑢𝑢𝑢 =

𝑆𝑆′𝑏𝑏𝑏𝑏
𝑆𝑆′𝑏𝑏𝑏𝑏
] −[
]
𝐼𝐼𝑏𝑏𝑏𝑏 ∙𝑏𝑏𝑐𝑐𝑐𝑐𝑐𝑐
𝐼𝐼𝑏𝑏𝑏𝑏 ∙𝑏𝑏𝑐𝑐𝑐𝑐𝑐𝑐
𝑎𝑎𝑎𝑎𝑎𝑎
𝑚𝑚𝑚𝑚𝑚𝑚

[

𝑣𝑣

=

𝑆𝑆′𝑏𝑏𝑏𝑏
𝑅𝑅
] − 𝑠𝑠𝑠𝑠
𝐼𝐼𝑏𝑏𝑏𝑏 ∙𝑏𝑏𝑐𝑐𝑐𝑐𝑐𝑐
𝑄𝑄
𝑎𝑎𝑎𝑎𝑎𝑎

[

𝑣𝑣

(21)

𝑄𝑄 − design shear force;
′
− gross static moment of the shear part of the element cross-section relative to the
𝑆𝑆𝑏𝑏𝑏𝑏
neutral axis;
𝐼𝐼𝑏𝑏𝑏𝑏 − gross moment of inertia of the element cross-section relative to the neutral axis;
𝑏𝑏𝑐𝑐𝑐𝑐𝑐𝑐 − design width of the element section;
𝑅𝑅𝑠𝑠𝑠𝑠 − design shear resistance in bending.
When calculating for oblique bending:
𝑇𝑇𝑢𝑢𝑢𝑢𝑢𝑢 =

𝑀𝑀𝑦𝑦
𝑀𝑀
[ 𝑥𝑥 +
]

𝑊𝑊𝑥𝑥 𝑊𝑊𝑦𝑦
𝑎𝑎𝑎𝑎𝑎𝑎

𝑀𝑀𝑦𝑦
𝑀𝑀
−[ 𝑥𝑥 +
]

𝑣𝑣

𝑊𝑊𝑥𝑥 𝑊𝑊𝑦𝑦
𝑚𝑚𝑚𝑚𝑚𝑚

5

=

𝑀𝑀𝑦𝑦
𝑀𝑀
[ 𝑥𝑥 +
]

𝑊𝑊𝑥𝑥 𝑊𝑊𝑦𝑦
𝑎𝑎𝑎𝑎𝑎𝑎

𝑣𝑣

−𝑅𝑅𝑖𝑖

(22)
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𝑀𝑀𝑥𝑥 and 𝑀𝑀𝑦𝑦 − components of the design bending moment for the main axes of the
section x and y;
𝑊𝑊𝑥𝑥 and 𝑊𝑊𝑦𝑦 − moments of resistance of the net cross-section relative to the main axes of
the section x and y.
When calculating the stability of a flat form of deformation of bending elements of a
rectangular constant section:
𝑇𝑇𝑢𝑢𝑢𝑢𝑢𝑢 =

𝜑𝜑𝑀𝑀 𝑎𝑎𝑎𝑎𝑎𝑎 ∙𝑊𝑊𝑏𝑏𝑏𝑏 𝑎𝑎𝑎𝑎𝑎𝑎 −𝜑𝜑𝑀𝑀 𝑚𝑚𝑚𝑚𝑚𝑚∙𝑊𝑊𝑏𝑏𝑏𝑏 𝑚𝑚𝑚𝑚𝑚𝑚
𝑣𝑣

=

𝑀𝑀
𝑅𝑅𝑖𝑖

𝜑𝜑𝑀𝑀 𝑎𝑎𝑎𝑎𝑎𝑎 ∙𝑊𝑊𝑎𝑎𝑎𝑎𝑎𝑎 −
𝑣𝑣

(23)

The coefficient 𝜑𝜑𝑀𝑀 act for bending elements of a rectangular constant cross-section,
hinged from displacement from the plane of bending and fixed from rotation around the
longitudinal axis in the support sections, should be calculated by the formula:
𝜑𝜑𝑀𝑀 𝑎𝑎𝑎𝑎𝑎𝑎 = 140

2
𝑏𝑏𝑎𝑎𝑎𝑎𝑎𝑎

𝑙𝑙𝑝𝑝 ∙ℎ𝑎𝑎𝑎𝑎𝑎𝑎

(24)

∙ 𝑘𝑘𝑓𝑓

𝑙𝑙𝑝𝑝 − distance between the support sections of the element, and when fixing the
compressed edge of the element at intermediate points from the displacement from the
bending plane, the distance between these points;
𝑏𝑏act − actual width of the cross-section;
ℎact − actual maximum cross-sectional height in the section 𝑙𝑙𝑝𝑝 ;
𝑘𝑘𝑓𝑓 − coefficient depending on the shape of the diagram of bending moments in the
section 𝑙𝑙𝑝𝑝 , determined according to Table E.1 of Appendix E according to state Standard of
Russia SP 64.13330.2017 Wooden structures. Updated edition of SNiP II-25-80.
After substitution, formula (23) will take the form:
𝑇𝑇𝑢𝑢𝑢𝑢𝑢𝑢 =

(140

𝑏𝑏2
𝑀𝑀
𝑎𝑎𝑎𝑎𝑎𝑎 ∙𝑘𝑘 )∙𝑊𝑊
𝑎𝑎𝑎𝑎𝑎𝑎 −𝑅𝑅
𝑙𝑙𝑝𝑝 ∙ℎ𝑎𝑎𝑎𝑎𝑎𝑎 𝑓𝑓
𝑖𝑖

(25)

𝑣𝑣

3.4 Determination of the residual life of elements subject to axial bending
force
When calculating eccentrically stretched and stretched-bending members for normal
stresses:
𝑇𝑇𝑢𝑢𝑢𝑢𝑢𝑢 =

[

𝑀𝑀𝐷𝐷 ∙𝑅𝑅𝑝𝑝
𝑁𝑁
+
]
𝐹𝐹𝑐𝑐𝑐𝑐𝑐𝑐 𝑊𝑊𝑐𝑐𝑐𝑐𝑐𝑐 ∙𝑅𝑅𝑖𝑖

𝑎𝑎𝑎𝑎𝑎𝑎

−[
𝑣𝑣

𝑀𝑀𝐷𝐷 ∙𝑅𝑅𝑝𝑝
𝑁𝑁
+
]
𝐹𝐹𝑐𝑐𝑐𝑐𝑐𝑐 𝑊𝑊𝑐𝑐𝑐𝑐𝑐𝑐 ∙𝑅𝑅𝑖𝑖

𝑚𝑚𝑚𝑚𝑚𝑚

=

[

𝑀𝑀𝐷𝐷 ∙𝑅𝑅𝑝𝑝
𝑁𝑁
+
]
𝐹𝐹𝑐𝑐𝑐𝑐𝑐𝑐 𝑊𝑊𝑐𝑐𝑐𝑐𝑐𝑐 ∙𝑅𝑅𝑖𝑖

𝑣𝑣

𝑎𝑎𝑎𝑎𝑎𝑎

−𝑅𝑅𝑖𝑖

(26)

𝑀𝑀𝐷𝐷 − bending moment from the action of transverse and longitudinal loads, determined
from the calculation according to the deformed scheme;
𝐹𝐹cal − net calculated cross-sectional area.
When calculating the strength for normal stresses, eccentrically compressed and
compressed-bending elements should be performed according to the formula:
𝑇𝑇𝑢𝑢𝑢𝑢𝑢𝑢 =

[𝐹𝐹

𝑀𝑀
𝑀𝑀
𝑁𝑁
𝑁𝑁
+ 𝐷𝐷 ]
−[
+ 𝐷𝐷 ]
𝑐𝑐𝑐𝑐𝑐𝑐 𝑊𝑊𝑐𝑐𝑐𝑐𝑐𝑐 𝑎𝑎𝑎𝑎𝑎𝑎 𝐹𝐹𝑐𝑐𝑐𝑐𝑐𝑐 𝑊𝑊𝑐𝑐𝑐𝑐𝑐𝑐 𝑚𝑚𝑚𝑚𝑚𝑚

𝑣𝑣

=

[𝐹𝐹

𝑀𝑀
𝑁𝑁
+ 𝐷𝐷 ]
−𝑅𝑅𝑐𝑐
𝑐𝑐𝑐𝑐𝑐𝑐 𝑊𝑊𝑐𝑐𝑐𝑐𝑐𝑐 𝑎𝑎𝑎𝑎𝑎𝑎

𝑣𝑣

(27)

When calculating the shear strength of compressed-bending elements should be
performed according to the formula (20), eccentrically compressed - according to the
formula:
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𝑄𝑄∙𝑆𝑆′𝑏𝑏𝑏𝑏
𝑄𝑄∙𝑆𝑆′𝑏𝑏𝑏𝑏
0,75∙𝑁𝑁∙𝑒𝑒
0,75∙𝑁𝑁∙𝑒𝑒
+
] −[
+
]
𝐼𝐼𝑏𝑏𝑏𝑏 ∙𝑏𝑏𝑐𝑐𝑐𝑐𝑐𝑐
𝐼𝐼𝑏𝑏𝑏𝑏 ∙𝑏𝑏𝑐𝑐𝑐𝑐𝑐𝑐
𝑏𝑏∙ℎ2
𝑏𝑏∙ℎ2
𝑎𝑎𝑎𝑎𝑎𝑎
𝑚𝑚𝑚𝑚𝑚𝑚

[

𝑣𝑣

=

[

𝑄𝑄∙𝑆𝑆′𝑏𝑏𝑏𝑏
0.75∙𝑁𝑁∙𝑒𝑒
+
] −𝑅𝑅𝑠𝑠𝑠𝑠
𝐼𝐼𝑏𝑏𝑏𝑏 ∙𝑏𝑏𝑐𝑐𝑐𝑐𝑐𝑐
𝑏𝑏∙ℎ2
𝑎𝑎𝑎𝑎𝑎𝑎

𝑣𝑣

(28)

𝑁𝑁 − calculated longitudinal force;
𝑒𝑒 − eccentricity of transfer of force N.
When calculating the stability of a flat form of deformation of compressed-bending
elements:
𝑇𝑇𝑢𝑢𝑢𝑢𝑢𝑢 =

𝑛𝑛
𝑀𝑀𝐷𝐷
𝑁𝑁
+(
) ] −1
𝜑𝜑∙𝑅𝑅𝑐𝑐 ∙𝐹𝐹𝑏𝑏𝑏𝑏 𝜑𝜑𝑀𝑀 ∙𝑅𝑅𝑖𝑖 ∙𝑊𝑊𝑏𝑏𝑏𝑏
𝑎𝑎𝑎𝑎𝑎𝑎

[

𝑣𝑣

(29)

𝑛𝑛 = 2 − for elements without fixing the stretched zone from the plane of deformation
and 𝑛𝑛 = 1 for elements with such fixings.
After substitution of all terms according to item 7.20 (Standard of Russia SP
64.13330.2017 Wooden structures. Updated edition of SNiP II-25-80), formula (29) takes
the form:
𝑛𝑛

𝑇𝑇𝑢𝑢𝑢𝑢𝑢𝑢 =

𝑀𝑀𝐷𝐷
𝑁𝑁
+
−1
𝐴𝐴∙𝑟𝑟2
𝑏𝑏2
𝑎𝑎𝑎𝑎𝑎𝑎 ∙𝑅𝑅 ∙𝐹𝐹
𝑎𝑎𝑎𝑎𝑎𝑎 ∙𝑘𝑘 )∙𝑅𝑅 ∙𝑊𝑊
(140
𝑖𝑖 𝑏𝑏𝑏𝑏
𝑙𝑙𝑝𝑝 ∙ℎ𝑎𝑎𝑎𝑎𝑎𝑎 𝑓𝑓
(𝑙𝑙∙𝜇𝜇0 )2 𝑐𝑐 𝑏𝑏𝑏𝑏
[
(
) ]𝑎𝑎𝑎𝑎𝑎𝑎

𝑣𝑣

(30)

Since the calculation of the limiting service life of wooden elements is carried out at
once according to several formulas, then the minimum of those obtained is taken as the
final result.

4 Conclusions
Now let's talk about some aspects of calculating the maximum service life.
The first thing that should be addressed is the presence in a number of formulas of such
a value as the calculated length of the element. When calculating the limiting service life,
we proceed from the assumption that this value remains unchanged throughout the entire
service life, i.e., firstly, the fastening scheme of the element does not change and, secondly,
the change in the actual free length of the element is negligible. This means that the change
in length occurs only due to the influence of the external environment.
It also follows that changing this value by changing the design scheme and (or)
reducing the free length of the element will increase the maximum service life, which
means that the residual resource will become larger.
The second thing you should pay attention to is that the calculation does not imply a
change in geometric parameters as a result of artificial strengthening or weakening of the
element cross-section. It turns out that by increasing the cross-section of the element, we
thereby increased the maximum service life, and hence the value of the residual resource.
The third thing you should pay attention to is that the calculation assumes that the action
of transverse and longitudinal forces, bending moments remains unchanged throughout the
entire service life. At the same time, it is important to understand that the change in the
magnitude of the efforts in most cases is associated not with a simple decrease in the load
as such, but with a change in the structural scheme and strengthening of structures.
Therefore, when considering the issue of increasing the residual resource by changing the
value of efforts, it comes down to a comprehensive consideration of this issue.
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The advantage of this calculation method can be considered that we obtain objective
values of the maximum service life and, accordingly, the residual resource, since the initial
data are obtained during the instrumental examination.
The disadvantage of this approach can be considered its complexity or the impossibility
of implementation in some cases in practice.
This method can be implemented directly when it is possible to directly measure the
change in geometric parameters. For example, when wood decays, when you can clean the
element from the decayed part.
Here the problem is divided into two.
The first problem is directly related to changes in geometric parameters. Access to
structures is not always available.
The second problem is related to determining the rate of change of geometric
parameters.
It can be divided directly into two levels: micro and macro.
Macrolevel is a directly observed change in geometric parameters.
Microlevel - changes occurring within an element and are not directly observable. These
are microcracks and bond breaks between atoms.
When considering the rate of change of geometric parameters at the macro level, the
question arises about the lack of data for the past period of operation. Since the rate of
change in geometric parameters is not the same at different time intervals, in the absence of
observation data, the estimate of the rate of change in geometric parameters will be
incorrect and, accordingly, we will receive an incorrect value for the maximum service life.
To solve this problem, it is important to record the current values of geometric
dimensions when organizing regular technical inspections. In this case, having a number of
data, it is possible to apply regression analysis [1–19] and build equations for the
dependence of changes in geometric parameters. The resulting equation must be substituted
into formula (3). In some cases, it can be simplified.
Here are some examples. Let's derive formulas for speed if we know one-way
regression equations. Let's build for linear regression and polynomial of the second order.
𝑣𝑣 =
𝑣𝑣 =

(𝑎𝑎∙𝑡𝑡2 +𝑚𝑚)−(𝑎𝑎∙𝑡𝑡1 +𝑚𝑚)
𝑡𝑡2 −𝑡𝑡1

=

𝑎𝑎∙(𝑡𝑡2 −𝑡𝑡1 )
𝑡𝑡2 −𝑡𝑡1

(𝑎𝑎∙𝑡𝑡22 +𝑏𝑏∙𝑡𝑡2 +𝑐𝑐)−(𝑎𝑎∙𝑡𝑡12+𝑏𝑏∙𝑡𝑡1 +𝑐𝑐)
𝑡𝑡2 −𝑡𝑡1

(31)

= 𝑎𝑎

= 𝑎𝑎 ∙ (𝑡𝑡2 + 𝑡𝑡1 ) + 𝑏𝑏

(32)

For the micro level, everything is much more complicated.
We cannot directly observe the development of microcracks, therefore, to assess the rate
of development of changes in geometric parameters, we can use equations of the Arrhenius
type according to the thermofluctuation (kinetic) concept.
𝑣𝑣 = 𝑣𝑣𝑚𝑚 ∙ 𝑒𝑒𝑒𝑒𝑒𝑒 [−

𝑈𝑈0 −𝛾𝛾∙𝜎𝜎

𝑅𝑅 − gas constant;
𝛾𝛾 − structural and mechanical constant;
𝑈𝑈0 − maximum activation energy;
𝑣𝑣𝑚𝑚 − limiting rate of parameter change;
𝑇𝑇 − temperature;
𝑇𝑇𝑚𝑚 − limiting temperature of existence of a solid;
𝜎𝜎 − stress.
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𝑅𝑅∙𝑇𝑇

(1 −

𝑇𝑇

𝑇𝑇𝑚𝑚

)]

(33)
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In conclusion, I would like to note that despite the fact that the proposed method was
considered for wooden structures, it can be applied to other types of structures (reinforced
concrete, metal, stone and composite).
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