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The main purpose of the thesis was to produce a technical sheet and excel sheets for
determining the span length of the Sapisol beams for a roof structure according to
Russian norms. The secondary aim was to calculate the drainage capacity of a
ventilated duct system in the beam. The client of the thesis is Russian company
Promstroyles.

The calculations were performed according to Russian standards. An experimental
study was also carried out to determine certain strength characteristics of the composite
beam material. In the first part, literature was used and an excel file was compiled,
according to which the span length was calculated. In the second part, the ventilation
system in the beam was designed.

The results can be applied in technical sheets for beams to use them in Russia, to

design engineers working. Also, excel files can be applied to design engineers working
with designing the span length and ventilation in the Sapisol beams.
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1. Introduction

The client of the thesis is Russian company Promstroyles. Sapisol technology is used in
France in wooden house construction. Sapisol® insulated panels allow you to reduce
your energy costs. The huge benefit of Sapisol is that it can span distance (up to 6 m
between supports), save time in finishing work (2). Due to such advantages of this
technology and due to low temperatures in Russia the company was interested to use it
in Russia. To this aim, in this thesis a technical sheet for these panels is developed. In
addition, the main problems lie on the calculation. The company have not developed
excel sheets or Mathcad sheets for designing the panel. Also, one of the most important

problems is condensation for some regions of Russia.

2. Sapisol beam

The Sapisol beam in the structure is shown in Figure 1 below:

Figure 1. Use of beams in the construction of a pitched roof (18)


https://www.simonin.com/en/roof-insulation/sapisol-insulated-panel/

Made of two timber faces and a polystyrene (or cork) core, Simonin’s insulated panel is
made under European Technical Approval. The ceiling panel is available in
different thicknesses and can be adapted to suit all types of projects, private, public and

industrial. It offers a low-energy solution to your build.
Advantages of the Sapisol insulated panel are the following:

- Excellent thermal performance Sapisol® is airtight and ensures efficient
insulation of your home without any thermal bridges. It is made to the highest
standards offering a long term level of thermal performance. When installed with
a wood fibre under layer, it meets acoustic insulation regulations.

- Atimber soffit. With Sapisol, in one step you get: high-performance insulation, a
wooden ceiling and completely finished roof overhangs, and a reliable and tough
roofing support.

- Wide spans. The huge benefit of Sapisol is that it can span distance (up to 6 m
between supports) reducing the need for additional structure, saving build costs
as well as freeing up volumes and creating additional living space.

- Bespoke production. SIMONIN SAS can machine details and supply cut to length
in the factory workshop for ease of installation, as well as reducing waste at the
site.

- A sound and sustainable product. Sapisol® is adaptable and suitable for all
environments, sensitive and extremely sensitive, at all altitudes and latitudes.

- Low energy. Sapisol® insulated panels allow you to reduce your energy costs.

- Designed from durable and environmentally friendly materials, is a well-made
and environmentally friendly solution. The Simonin Sapisol® panels S186 (R =
5.02) and S220f (R = 6.11) specially designed for low energy housing meet the
thermal regulations.

- For new or renovation. New or renovation: With the ceiling insulation board
Sapisol®, the options for roofs are limitless (straight roof, low slope roof, curved
roof, conical roof or slightly veiled, installation on metal framing) without
compromise for thermal insulation of your home.

- Sapisol® is a product not only intended for new constructions, its design allows it
to adapt to all types of renovation such as the insulation of existing roof spaces.

- Lightweight and easily transportable, it meets the needs of the most exciting
projects and those in the most remote regions of the globe.


https://www.simonin.com/en/the-company/downloads/

- Exceptional works. Sapisol® has been used on several hundred public and
private buildings, all around the world. It has been used in specialist projects as
well as bioclimatic houses, for 25 years Sapisol® has proved its performance and
efficiency.

- The Sapisol® insulation panel is suitable for all environments. Sapisol was used
in Antarctica for the Concordia station, at 3000 m altitude. The floor,
the facades and the roof are made of Sapisol® providing comfortable insulation

for residents (2).

Below there are variants of the beams with insulation from polystyrene and cork

(Figures 2-3).

Figure 2. Variant of the beams with insulation from polystyrene (17)



Figure 3. Variant of the beams with insulation from cork

Figures 4-7 show the variants of beams in the structure 18).

Figure 4 shows how the beam can be used in swimming pools, sport halls and wide
spans in case of timber truss.



Figure 4. Swimming pools, sport halls and wide spans (19)

Figure 5 shows how the beam can be used in the roof structure with a semicircular roof.
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Figure 5. Use of beams in the roof structure with a semicircular roof (19)



Figure 6 shows how the beam can be used in the roof structure with a flat roof.

T

Figure 6. Use of beams in the roof structure with a flat roof (20)

On the Figure 7 you can see Variant of the layers of the roof structure. The beam can
be differently oriented to the existing slope of the roof. Also, the roof slope can be round
in shape or in the shape of a cone. Figures 8 and 9 show the options for using beams
with different finishes in the building (1)

Figure 7. Variant of the layers of the roof structure
9
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Figure 8. Variants of using a beam in a building (1)
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https://www.simonin.com/wp-content/uploads/2017/05/Cahier-SAPISOL-02-2016-QUE-ANG.pdf

Also, different wood species and different finishes can be used for the beam (Figure 9).

Finishes Wide span

Insalation on 3 supports

The l\I“P is available with different ceiling appearences . A A A A A
Here are the possibilities : Installation on 2 supports  With a roof overhang

A 8 A A A c

NLP wood species
Acceptable span (in ml) for NLP thickness 339 mm

Available on the underface

3 suppores (A) f\’ P
2 supports (8) L-—
Roof overharg (C) A T P
Destributed | 100 | 6,00 480 2.00¢
verucal 150 | 6,00 480 150
o 200 | 5,00 4.80 1,60
(daN/mv)
400 |3.90 110 1.20°
* No limits in altinade
Spruce Spruce Larch Oak

Aged-wood Two type of installation
appearance I\JLP textures Perpendicular to roof ridge

Available on the underface

Parallel to roof ridge
Sanded

nNLP finishes

Available on the underface

Load bearing in both direction
Lenght and width
Natural Colourless White

Other colours available on request (paint, wood stain and saturator) .

No bearing structure
on the roof overhang
(to be determined depending on weight)

- = = ==

¥

Other textures and finishes will soon be available (on request) !
Photos are not binding .

\ |
For any other wood species, pleass contact us . Mastered insulation :
i

Controled airtightness
SIMONIN
Wood Solutions Standard profile chamfered

22 ZA des Epinottes » 25500 MONTLEBON (MORTEAU) » France
Tel. +33 (0)3 81670126 » Fax +33 {0)3 81 67 26 52

simonin@simonin.com * www.simonin.com

Figure 9. Options for beams and their use in the building (1)
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2.1 Determination of insulation material

Two variants of beams with insulation from cork and polystyrene were considered
(Figure 10).

Figure 10. Two versions of beams with insulation from cork and polystyrene

The first variant is polystyrene PPS 25 and the second variant is cork.

Since the cork is much more expensive than polystyrene, PPS-25 polystyrene foam is
selected as a heat-insulating material. Polystyrene PPS-25 is the most common brand

of polystyrene foam used in modern civil and industrial construction.

Polystyrene PPS-25 (old name PSB-S 35) is a good heat-insulating material.

Polystyrene is durable. It is convenient to install and has a low cost.
The main scope of polystyrene foam is the insulation of roofs, walls, ceilings, and floors.
The main technical characteristics of the Polystyrene PPS-25 are as follow:

- density from 25 to 35 kg/m3.
- compressive strength at 10% deformation = not less than 0.16 MPa
- bending strength chapel = not less than 0.25 MPa

- thermal conductivity = not more than 0.037 W/ m? x s (3).

12



Sizes of expanded polystyrene plates: PPS-25 insulation is supplied in plates with a

thickness of 20-500 mm in increments of 10 mm.

3. The main idea of thermal insulation and building physics

Thermal insulation is the process of retarding the flow of heat from transferring between
adjacent surfaces. Specially engineered methods or processes, and appropriate object

shapes and materials are needed to achieve thermal insulation.

Thermal insulation materials, known as insulators, are installed in commercial buildings

to improve the energy consumption of the buildings' cooling and heating systems (2).

Different insulating materials and other types of material have specific thermal
conductivity values that can be used to measure their insulating effectiveness. It can be
defined as the amount of heat/energy (expressed in kcal, Btu or J) that can be
conducted in unit time through unit area of unit thickness of material, when there is a
unit temperature difference. Thermal conductivity can be expressed in kcal m-1 °C-1,
Btu ft-1 °F-1 and in the Sl system in watt (W) m-1 °C-1. Thermal conductivity is also

known as the k-value (7).

The rate of transmission is also closely related to the propagating medium, heat flow by
transmission occurs by a combination of conduction, convection, and radiation. Heat is

lost or gained by transmission through the ceilings, walls, floors, windows, and doors

(6).

13



3.1 Building physics theory of resistance calculation

Heat transfer Mechanisms are as follows:
1. Conduction

By this mode, heat energy is passed through a solid, liquid or gas from molecule to
molecule in a material. In order for the heat to be conducted, there should be physical
contact between particles and some temperature difference. Therefore, thermal
conductivity is the measure of the speed of heat flow passed from particle to particle.
The rate of heat flow through a specific material will be influenced by the difference of

temperature and by its thermal conductivity.
2. Convection

By this mode, heat is transferred when a heated air/gas or liquid moves from one place
to another, carrying its heat with it. The rate of heat flow will depend on the temperature

of the moving gas or liquid and on its rate of flow.
3. Radiation

Heat energy is transmitted in the form of light, as infrared radiation or another form of
electromagnetic waves. This energy emanates from a hot body and can travel freely

only through completely transparent media (7).

Steady state conduction is the form of conduction that happens when the temperature
difference(s) driving the conduction are constant, so that (after an equilibration time),
the spatial distribution of temperatures (temperature field) in the conducting object does
not change any further. Thus, all partial derivatives of temperature with respect to

space may either be zero or have nonzero values, but all derivatives of temperature at
any point with respect to time are uniformly zero. In steady state conduction, the amount

of heat entering any region of an object is equal to amount of heat coming out:
q = —A*gradT (D

where ¢ is the heat flux (amount of heat flowing per second and per unit area) and
grad T the temperature gradient (Figure 11). The sign in the expression is chosen so
that always A > 0 as heat always flows from a high temperature to a low temperature.

This is a direct consequence of the second law of thermodynamics (4).

In case of in the one-dimensional case:

14


http://www.fao.org/3/y5013e/y5013e08.htm
https://en.wikipedia.org/wiki/Gradient
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gy - the heat flux (amount of heat flowing per second and per unit area),
A - the thermal conductivity,

At - the temperature difference,

6 — the layer thickness,

dT/dx is the temperature gradient.

Conducting solid

—

Heat flow g

Cold
environment 1

T2 - Hot

environment

o
=

Figure 11. Conduction

Energy codes in Russia start to establish in 1955, norms and rules first mentioned the
performance of the building envelope and heat losses, and they formed norms to
regulate the energy characteristics of the building envelope. And the most recent
version of Russia energy code (12) was published in 2003. The energy codes of Russia
were established by experts of government institutes or nongovernmental organization
like ABOK. The energy code of Russia has been revised several times since 1955, the
1995 versions reduced energy depletion per square meter for heating by 20%, and the
2000 version reduced by 40%.The code also has a mandatory requirement on thermal
insulation of buildings accompany with some voluntary provisions, mainly focused on

heat loss from the building shell (8).

15


https://en.wikipedia.org/wiki/Thermal_conductivity

Calculation of total thermal resistance is done in Russia according to (23) (calculated as
per formulas (3-5)). The calculation is made on the site (14,15).

R—1 3
= 3)

R = l 5
= Z 5)

i=1
o - the heat transfer coefficient at the outer or internal surface

R — the thermal resistance

4. Reduced section method

Due to the fact, that the wood and polystyrene have different modulus of elasticity,
Sapisol beam is a composite multi-modular material, i.e. a material with non-uniform
thickness properties. The calculation of the material is carried out according to the

method of reduced section (as per formulas 6-10) (Figure 12) (9).

b; = E, (6)
n ’
zi=1 Fi -z 7
Zy = n_ _,
Zi=1 Fi
n
I'= bi—as+F-'(Z-—Z )? (8)
12 l L 0
=1

bi- reduced width of the i layer,

b- actual layer width,

zi- the distance from the lower point of the center section to the i layer,

F’i- reduced cross-sectional area of the i layer,

Z0- distance from the bottom of the section to the neutral axis.

16
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Figure 12. Reduced section method. Determination of stresses (9)

ME (z] — z,)
e 9
s/
T, = % <R. (10)

L

I’- moment of inertia of the equivalent section relative to the neutral axis.

oi- bending stress in the upper extreme fiber of the i layer if the layer is located above
the neutral axis, and in the lower extreme fiber of the i layer if the layer is below the

neutral axis.

M- bending moment,

Ei- modulus of elasticity of the i layer,
7;- Shear stress,

Q- shear force,

S’i- static moment of the part of the equivalent section lying between the controlled joint

of the layers and the end fiber of the section on the same side of the neutral axis.
Rca..c- shear strength.

In case of this composite beam bending stress and shear stress have the following
distribution (Figure 13)

17
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Figure 13. Bending and shear stress distribution in the cross section of the beam.

Strength characteristics for timber:

1) 6 < R,, R, is the design bending strengths (fm,y,d),

3) < R, Rk — is the design shear strength for the actual condition (f,v,d),
6) o < R,, R, is the design bending strengths. (fm,y,d),

For insulation material:

2) 0 < R, R. —is the design compressive,

4) T <Rck, Rex — is the design shear strength for the actual condition,

5) 0 <R}, Ry—is the design tensile strength.

Distribution of normal and shear stresses in the cross section of the composite beam is
shown in Excel in Figure 14 below.

18
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Figure 14. Distribution of normal and shear stresses in the cross section of the

composite beam in Excel.

To obtain the actual stress distribution, it is necessary to obtain the modulus of elasticity

E of the polystyrene during the experiment.

5. Calculation part

5.1 Calculation of total heat Resistance for different panels

Sapisol with polystyrene and boards thickness 20 mm, 33 mm, 43 mm
Calculation of thermal resistance is made on the website (14).
The calculations of total heat resistance for different panels are shown in APPENDIX 3.

Table 1. Total heat Resistance for different panels

Beam type s190 | s240 | s290 | s216 | s256 | s316 | s236 | s286 | S 336
pine 20 20 20 33 33 33 43 43 43
'%er:f po'ysetyre” 150 | 200 | 250 | 150 | 200 | 250 | 150 | 200 | 250
pine 20 20 20 33 33 33 43 43 43
Width, mm 145 | 145 | 145 | 145 | 145 | 145 | 145 | 145 | 145

Weight, kH/m? 0.23 0.25 0.26 0.36 0.37 0.38 0.46 0.47 0.48

Total heat

. 3,91 5,07 6,23 4,05 5,22 6,38 4,16 5,33 6,49
Resistance, R

19
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Sapisol with polystyrene PPS-25 and boards thickness 20 mm, 33 mm, 43 mm.

Characteristics for heat calculation for different cases of boards and insulation are
shown below:

Timber (pine) - 2=0,09, from SP.50.13330.12, §1= 20 mm, 62= 33 mm, 3= 43 mm.
Insulation (polystyrene PPS-25)- 2=0,043, §1= 150 mm, 62= 200 mm, 3= 250 mm.

5.2 Calculation of the material strength

Ultimate limit state calculation.

Strength characteristics for timber are as follows:

T <RckK, Rck — is the design shear strength for the actual condition (f,v,d)

o < R, Rc —is the design compressive strength perpendicular to the grain (fc,90,d)
o < R,, R, is the design bending strengths. (fm,y,d)

According to SP 64.13330.2017 Wooden structures (11) for pine of wood grade 2 of the

design value of pine strength is calculated as per formula (11).

RP =R4 -my, -[Im; (11)
RP is design value of pine strength,
R4 is design value of pine strength for wood grade 2,
Man is coefficient of long durability,
mgn =0,8 (Tab. 3 from Table 9 (11)),
[Im; is composition of the coefficient of working conditions,
Rn=22,5 Mna (Tab. 3 2.8 from Table 9 (11)),

ms = 1 — coefficient of operating conditions of structures (Figure 15 from Table 9 (11));

20



Tabnuua 9

YCNOBWE 3KCNNYaTAUMK (TaGnuua 1n2 3 43 46
1)

KoabHUMeHT s, 1 0.9 0,85 0,75

Figure 15. Coefficient of operating conditions of structures (11)

mt = 1 — coefficient of temperature conditions (11),
me = 1— for section height less than 50 cm (11),

men — coefficient taking into account the thickness of the layer (Figure 16 from table 11

(11)),

Tabnuua 11
TonwimHa cnos, Mm 10 1 meHee 19 26 33 42
KoadhUUMEHT #4 1.2 1.1 1,05 1,0 0,95

Figure 16. Coefficient taking into account the thickness of the layer (11)

me.c. = 1 — coefficient of service life, we take the value for the term service 50 years
(Figure 17), (11).

Tabnuua 13
Bua HanpsKeHHOro COCTOAHWUA
3HaveHWe KoahdUUWeHTa #, . NpK
Cpoke cnyBbl COopYHeHUA
=50 ner | 75 net 100 neT u
Gonee
MaruG, cxkatve, cCMATHE BOONE W NONepeK BONOKOH 1,0 0,9 0,8
OpeBeckHbI
PacTtameHWe 1 cKanblBaHWe BOOMb BONOKOH 1,0 0,85 0,7
OpeBeckHbl
PacTaxeHWe nonepek BONOKOH OpEBEeCHHE 1,0 0,8 0,5

Figure 17. Coefficient of service life, we take the value for the term (11)
21



For timber values of design strength are as follows:
Ru=man*mes*mrm*mo6*mcn*mc.c.*Rcx=0,8* 0,9*1*1*mcn*1*22,5 MPa
For board layer thickness 20 mm mcn=1,1
Rn=0,8*0,9*1*1*1,1*1*22,5=17,82 MPa

For board layer thickness 33 mm mcn=1,0
Rwn=0,8*0,9*1*1*1,0*1*22,5=16,2 MPa

For board layer thickness 43 mm mcn=0,95

Rwn =0,8*0,9*1*1*0,95*1*22,5=15,39 MPa

The design shear strength for along the grain for glued elements
Tab. 3.5 6) Rck=2,25 MPa.

The design compressive strength perpendicular to the grain for glued elements

Tab. 3.5 6) Rcm=4,5 MPa.

For insulation material values of design strength are as follows:
T<Rck, Rek — is the design shear strength for the actual condition.
o < R, Rc —is the design compressive

o < R;, Rp —is the design tensile strength

o < Ry, Rc —is the design compressive strength perpendicular to the grain (fc,90,d).

According to (16) for polystyrene PPS-25 R.=0,16 MPa

Since the tensile strength, shear, modulus of elasticity in the GOST 15588-2014 are not

given, they were experimentally determined.

22



5.3 Calculation of the span length for different panels

Three cases of the static scheme are considered.

The 1st case (single-span beam with distributed load) is shown in Figure 18 below:

:&wwmwmwwww&

Figure 18. Single-span beam with distributed load

Figure 19 shows distribution of bending moments and shear forces.
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Figure 19. Distribution of bending moments and shear forces.

The 2nd case (two-span beam with distributed load over the entire span) and static

scheme are shown in Figure 20 and 21 below:
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s
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Figure 20. Two-span beam with distributed load over the entire span
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Figure 21. Two-span beam static scheme

N=3[-2l1-Con=3*1-2*0-4=-1

The beam is statically indefinable. Force method used to determine internal forces by
formulas (12-14).

The basic system of the method of forces is shown in Figure 22 below:

s s

X1

Figure 22. The basic system of the method of forces

Distribution of bending moment MO1 is shown in Figure 23.

A | s

M=2*|

1 "'”TIT#TT { ll[l\[Tr

Figure 23. Distribution of bending moment MO1

811X + A].Fl == 0 (12)
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Distribution of bending moment MOF is shown in Figure 24.
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Mg = M?2X; + M§

Distribution of bending moment Md is shown in Figure 25 below:
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Figure 25. Distribution of bending moment Md
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Distribution of bending moments and shear forces is shown in Figure 26 below.
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Figure 26. Distribution of bending moments and shear forces.

The 3rd case (two-span beam with distributed load on one span) is shown in Figure 27
below.

[

:giwwwwwwwwi

Figure 27. Two-span beam with distributed load on one span.
N=3[0-2lW-Con=3*1-2*0-4=-1

The beam is statically indefinable.

Figure 28 shows the basic system of the force method.
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1
R, = qul

Y =0
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3
Rp = qu1
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Mr=—grert gy ghTme\a 2t oghlae e )T
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Figure 29 shows distribution of bending moment M.

M=q*I"*2/16

/CLHW‘TFWL

-1 | I~

Figure 29. Distribution of bending moment Md

1
R, = _1_6q11
Y =0

RA + RB +RC = qll

1 5q11 7q11
Ra=4qli —Rc—Rp =q11+Eq11_ 8 16
On the AB part bending moment is as follow:
7 qx 2
Moo =g 0h*x =5
, 7
M (x0) = qu1 —qxo =0
AT
7
" 7 7 a(fgln?
= — *k — _—
(xo=1gh) ~ 1601 " 16 * 2
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Figure 30 shows distribution of bending moments and shear forces.
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Figure 30. Distribution of bending moments and shear forces.

The 4th case (cantilever beam with distributed load over the entire span) is shown in
Figure 31. The beam is statically definable. Distribution of bending moments and shear
forces (Figure 31). On the console part bending moment and shear force are calculated

as per formulas (15-16)
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Figure 31. Distribution of bending moments and shear forces.

Defining deflections for the Service Limit State

Deflections are calculated as per the formula 17 using Russian norms.

Deflection determination taking into account the influence of shear deformations from

transverse forces:

p=Rliec®)] o
The maximum deflection of the articulated and cantilever bending elements of
constant and variable sections 7 should be determined by the formula 17.
fo - found by integrating the differential equation.

- f, - deflection of a beam of constant cross section h without taking into account
shear deformations.
- k- a coefficient that takes into account the effect of cross section height

variability, taken equal to 1 for beams of constant cross section;
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- ¢ - coefficient taking into account the effect of shear deformations on shear

force;
- % _maximum section height;

- ! _peam span.

Figure 32 shows the values of the coefficients k and c for the basic design schemes of

beams.

Ta6bnuma E4

ITone- Pacuernas cxema k e
peuHoe
ceueHue
Ganku
Mpamo- [ M — M
yroneHoe|  f 1 f) p 0
To xe I——_’__,__IA_\I
— E) < 0,23 +0,77p 16,4+7.6p
Er } | 4
» }_"—"4 ey [45 - 24a(1 - B) + 3] x
e+ e N it [ 0,5a+(1-0,50)B " 1
3 —4a?
» o 9
e E— 0,15 +0,85p 154 +3,8p
4 '_t' 1 f
JiByTas- 9
poBoe e B 0,4 + 0,6p (45,3 + 6,9B)y
) ’j.’ 1 "
ITpamo- - [
= 8,2 +2,4(1 - +3,8
YrojibHOe Bh_‘[::ill________g - 0,23 +0,77p + ( 5)‘1 B]x
Z +0,6a(1 - B) b
/ ’ 2+a)i-a)
Toxe ST FTRTTETATEENT R
E_;]‘ 0,35 + 0,65p 54 +2,6p
g T 1
I1p#MeqaHue—y—OTHOLEHHE IIOMAH TOACOB K IO/ CTeHKH ABYTaBpOBOH Ganki (BHICOTA CTEHKH
NPHHHMACTCA MEKY LEHTPAMH TAXKECTH TIOACOB).

Figure 32. The values of the coefficients k and c for the basic design schemes of beams

(11)

C for rectangular section with distributed load: c=15,4+3,8*1=19,2

F=f0/1(1+19.2*(h/l) ~2)
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The deflection of the beam fO is determined by integrating the approximate differential
equation (formulas (18-23)).

EIw" (x) = —M(x) (18)
Elw'(x) = —[ M(x) dx + C; (19)
Elw (x) = —Jf M(x)dxdx + C;x + D, (20)

For the console section, the maximum deflection will be at the edge of the console
(Figure 33).

Figure 33. Console static scheme

qx”
EIw"(x) = —M(x) = =

3
gx
Elw'(x) = =/ M(x)dx + C; = T+ Cy

qx*
Elw (x) = —Jf M(x)dxdx + C;x + D, =E+C1X+D1

For x=lw=0,06 =0
14 14
Elw () = -+ Cil+D; = 0D, =°1T

3 3
Ew'() =2-+¢,=0,¢, = -2

X 13
Elw (X)=q24 —q6 x+q8
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On the Figure 34 you can see Static scheme for the deflection calculation in a case of a
span beam with a distributed load.

VO

Figure 34. Static scheme

qx”
Elw"(x) = —M(x) = —Vox + —

2
Vox?  gx°
Elw'(x) = = M(x)dx+ C; = — > +T+C1
Vox®  gx*
Elw (x) = —J[ M(x)dxdx+ C;x+D; = — c +H+C1x+D1
Deflection at the beginning of the beam D; = 0, determination C,

Elw (1) =0

Vol ql*

C—IZV al
1= (Vo =)

Then the equation of deflection for a beam with a distributed load span |

V,x3 x* 12 ]
Elw (x) = — °6 +qz—4+g<v0—q—>x (21)

4
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On the Figure 35 you can see Static scheme for the deflection calculation in a case of a

single-span beam with a distributed load.

q

)P PN P N PN P /B P /!

Figure 35. Static scheme of single-span beam

ql
Vo = T (14)

1x3 x* 13
1 + = + q—x
12 24 24
For a single-span beam, the maximum deflection will be in the middle of the span

Elw (x) =—

Elwp.x(X) = Elw (1/2)

On the Figure 36 you can see Static scheme for the deflection calculation in a case of a

a two-span beam with a distributed load of 2 spans of the beam.

q
1 4 3 3V 0 vV Vv 3V 3 4 4 3V 1V U 1
A

2|

| i

Figure 36. Static scheme for the case of a two-span beam with a distributed load of 2
spans of the beam

V —Bql 22
= @22)

B qlx> gx* qb®
Elw (x) = 1 24+48X
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Extremum of the deflection function is as follow:

3qlx3 x3 13
a’ e a
16 6 48

x3 —1.1251x? +0.12513 =0

Elw'(x) = — 0

x =~ 0.42151
Elwp.x(X) = ElIw (0.4215])

On the Figure 37 you can see Static scheme for the deflection calculation in a case of a

two-span beam with a distributed load of 1 span of the beam for 1 span of the beam.

VO l‘
g I.-'I
/ d{; d’; \[I d{}f d{f d’; d’.f /
T ||I A e
X
-
| I J—

Figure 37. Static scheme for the case of a two-span beam with a distributed load of 1

span of the beam for 1 span

7ql
Vo=—g (23

7glx3 x* 13
ax’ gt gl

Elw () =-Te5 e+t 22 t32

Extremum of the deflection function is as follow:

7qlx3 x3 13
Rl B L
32 6 32

Elw'(x) = —

x3 —1.3125Ix% +0.187513 = 0

x =~ 0.4724]
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Elw,.x(X) = Elw (0.47241)

On the Figure 38 you can see Static scheme for the deflection calculation in a case of a

two-span beam with a distributed load of 1 beam span for 2 span of the beam.

' VO

I -

Figure 38. Static scheme for the case of a two-span beam with a distributed load of 1

beam span for second span.

1
Elw" (x) = —M(x) = _ql_6x

1
Elw'(x) = —[ M(x)dx + C; = _?;_ZXZ +C,;

_ __a
Elw (x)——ffM(x)dxdx+C1x+D1——32*3x + Cix+ D,

Deflection at the beginning of the beam D; = 0, for x=I w=0,

Determination of C; :
ar

Elw (1) = —3?21—*313 +C1=0,C = >

ql ql®
Elw (X)=—32*3X3+ ¢

Extremum of the deflection function is as follow:

q ql’
Elw'(x) = ——x% + — =
w' (%) 32 +96 0
qq , gP
—_— X = —
32 96
1
x =—=~ 05771
3



Elw,.x(x) = ElIw (0.5771)

The equations for determining the shear forces, bending moments, as well as

deflections are recorded in an excel file for further calculation.
According to SP 20.13330.2011 “Loads and actions” (21)
Appendices D, D.2 ultimate deflections are | / 120-| / 250.

Ultimate deflection 1/350 was taken to design.

5.4 Calculation of the bending stiffness El

Determination of design modulus of elasticity for wood materials (11):

E"= Ecp *MpnE [Im; (24)
E’- design modulus of elasticity for wood materials

E., - Average modulus of elasticity in bending,

NMm- composition of correction factors,

EOcp=10000 MPa

According to table 4 formode D m,,;; =1

Mm= me*mT*m6*mcn*mc.c.

For board layer thickness 25 mm: NMm= meB*mT*m6*mcn*mc.c=0,9*1*1*1,1*1=0,99
E' = 10000 * 0,99MPa = 9900MPa

For board layer thickness 33 mm: Nm= meB*mT*m6*mcn*mc.c=0,9*1*1*1 *1=0,9

E' = 10000 * 0,9MPa = 9000MPa

For board layer thickness 43 mm: Nm= me*mT*m6*mcn*mc.c=0,9*1*1*0,95*1=0,855
E' = 10000 * 0,855MPa = 8550MPa

I- reduced moment of inertia is calculated by the method of reduced section.

The stiffness of the reduced section is multiplied by 0.7 (11).
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5.5 Calculation in Excel

According to theory, an excel file was compiled to calculate the internal stress of the
composite section. General definition of excel sheet is shown below. More information
about excel sheet is shown in APPENDIX 1.

Data should be entered in green cells. Excel can be divided into two parts.

The first 50 lines determine the internal stresses of the sigma tau based on the
geometry, elastic modulus, and loads M Q N (Figure 39,40).

Input parameters: E1, E2, h1, h2, h3, b, M, Q, N.

Output parameters: chart o(h), 1(h).

EEEE B &5

]

56,35738465

SECTION HIGHT,MM
SECTION HIGHT,MM

0,000¢

0,084
L2 0.0000]
0,00

STRESSES MIA

30 40

STRESSES KA

Figure 40. The first part of excel

In lines 50-66, M, Q and f determined for different support conditions, loads, and spans

(Figure 41-43).
39



Input parameters: |, q, EI.

Output parameters: M, Q, f.

25pans
pacnpeaeenHan Ha scio A PaCnpeseneHHa Ha NONOBMHY ultimate diflection I/ | 350|
Lveriant  MaQ
maximum Maf
[ELkhm2 | kr/m2 akH/m M1 at x_|f0,nporu6,mm|f,npornbmm| M2 Q2 M3 a3 Xl 0,nporu6L,mmf nporubLmm]  x2 0,nporu62,mm [f.nporu62,mm| | [np.Mpmom] ™ a [
2697 [ 161 15 02 10 | 08 [2508] ogoe 9,60 073 [ 05 | o7 | 2s10i 1528 1621 | 33315 6569 7,10 555 17 10 08 079
20 03 10 | 10 [ 223 758 3,15 077 0 05 | 0o [oasoes27| 1278 1377 | 50531483 5,60 5,03 529 1511832 10 10 135
o7[Eorpnezo | e ] o5 os | 11 [ 11 [sosa] es o = 3 M| MOW| 2503205 | 1152 . I - ST
50 04 L1 | 12 [ 1937 ee7 7,14 0,57 o 06 | 11 [2,1707587| 1093 1206 | 26514108 478 58 4,60 | 13,12007| 1.1 12 1,07
0.7[Elfor pine 33| 1699 | 55 05 12 | 14 | 1838 61¢ 6,84 032 o 06 | 12 20611254 1038 1156 | 2517505 455 5,06 436 |1246508| 12 14 051
a0 06 13 | 15 [ 1761 590 6,54 036 [ 06 | 1s [19o734179] 997 1121 [2.24103771 337 491 418 |1193551| 13 15 073
o7[eiforpine4s | 1614 | a5 05 15 | 16 |iess| sse 629 039 o 06 | 15 |iess7ioe| 936 1055 | 23032492 3,10 4,66 599 [1140s05] 13 16 077
55 05 14 | 18 | 15es|  s07 587 105 o 07 | 17 |17saiees| 857 502 | 21625572 EED 2,35 571 | 1060855 10 15 059
55 08 15 | 21 |1e87] 489 574 112 o 07 | 15 |1eeeea1s| 825 568 | 20354285 362 4,25 353 |ioo7ss| 15 2.1 039
75 11 15 | 23 [1a09] a5 542 116 o 08 | 20 |15787383] 767 916 | 15283017 336 4,01 334 |o5e8a11] 15 23 039
85 12 16 | 25 | 137] 60 554 124 [ 08 | 22 15348806 7.77 9368 | 18747377 341 410 325 [9283178] 16 25 [
left part rigth part

xmaximum deflection place

warscm 0,05m

Figure 41. M, Q and f determined for different design patterns, loads, and spans

49 2 variant B 1span
50
51 El kh*mZ2 kH/m2 g.kH/m | M1 kH*m Qa1kH M2, kH*m Q2,kH l,m x [0, nporub, mm|f nporud mm| np. Np,mm
52 161 15 0,2 0 0,55 0,7 0 51057477 | 2,55287 11,79 1277 1459
53 2,0 0,3 0 0,67 0,8 0 4,6880047 2,344 11,20 12 31 13,39
54 25 0,4 0 0,79 0,9 0 4 3630935 | 2, 18155 10,53 1172 12,47
55 3.0 0,4 0 0,88 0,9 0 40845982 | 20423 9,71 10,97 11,67
56 3.5 0,5 0 0,93 1,0 0 3,85989346 | 1,94947 9,42 10,76 1114
57 4.0 0,6 0 107 1,0 0 3,7132711 | 185664 8,86 10,25 10,61
58 4.5 0,6 0 116 1,0 0 3,5740234 | 178701 8,56 10,01 10,21
59 5.5 0,8 0 131 11 o 33 165 7,61 9,12 9,43
60 5,5 0,9 0 1,46 11 o 3,1 155 7,00 8,58 8,86
&1 7.5 11 0 152 11 o 2.8 1,4 5,38 65,87 8,00
62 8,5 1,2 o 172 1,2 o 28 14 6,10 775 8,00
63
Figure 42. M, Q and f determined for different design patterns, loads, and spans
|u|t'|mate diflection I/ | | 200
cantilever
S variant c
|El.kh*n12 kH/m2 | gkH/m M1 al M2 Qz M3 Q3cnesa Q3cnpaea 11 12 fo,nporub,mm|nporud,mi np. Np
| 161,39] 148 0,21498 o 0.4 0,4 0,0 0,7 -0,2 0,5 5 2,46004 6,10 8,28 12,3
1,98265 | 0,28748 0 -0,1 0,0 0,0 0,7 0,0 0,7 2 2,27438 5,96 8,45 11,3
2,48265 | 0,35998 o 0,0 0,0 0,0 0,8 0,0 0,8 2 2,08871 5,31 7,94 10,4
2,98265 [ 0,43248 o 0,0 0,0 0,0 0,8 0,0 0,8 2 1,94947 4,84 7,60 9,78
3,48265 | 0,50458 o 01 0,0 0,0 0,9 0,0 0,9 2 1,85664 4,65 7,57 9,24
3,98265 [ 057748 o 0,1 0,0 0,0 09 0,1 1,0 2 1,7638 4,33 7,35 8,81
4,48265 | 0,64998 o 14 1,6 0,0 09 -0,2 1,1 5 1,67097 3,92 6,97 8,31
5,48265 | 0,79498 o 0.3 0,1 0,0 1,0 0,2 1,3 2 157814 3,82 7,14 7,8¢
6,48265 | 0,93998 0 0,4 0,1 0,0 1,0 0,2 1,4 2 1,48531 3,54 7,03 7,41
7,48265 | 1,08498 o 0,6 0,1 0,0 1,1 0,3 1,5 2 1,39248 3,16 B,69 6,9¢
8,48265 | 1,22998 0 0,7 0,2 0,0 1,0 0,4 1,6 2 1,29964 2,72 6,21 6,510

Figure 43. M, Q and f determined for different design patterns, loads, and spans

Thus, if you connect two parts:

Input parameters: |, q, El, E1, E2, hl, h2, h3, b.

Output parameters: chart a(h), 7(h), f.

The two parts are connected by connecting the output M Q (AF: 43-44) and the input M

Q (Figure 44). This must be done manually.
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CTAHOOT... ~ X v =AC62

v W z AA AB AC AD AE AF AG
37 0,00
38 0,00 insulation tension 100 %
39 0,00 = insulation compression 100 %
40 0,00 insulation shear 79 %
41 0,00 beam compression on support 58 %
42 0,00

g " M |=ACe] Ke*m

compression/ o ,total,Mna

44 tencion. Mna 1 /120 Q 2,50 KH
45 3 /150 N Kh
16 I= 6 /200
47
48 onosuHy ‘ultimate diflection I/ | | 350|
49
50 maximum  MQf
51 f0,nporub1,mmff,nporub1,mm| x2 f0,nporu62,mm | f,nporu62,mm | np. Mp.,mm M Q f El,kh*m2
52 15,28 16,21 3,43315 6,69 7,10 5,95 17 1,0 0,8 0,79 161
53 12,78 13,77 3,0531443 5,60 6,03 5,29 15,118318 1,0 1,0 1,35
54 11,52 12,57 2,81210659 5,05 5,51 4,87 13,924767 1,1 1,1 1,36
55 10,93 12,06 2,65141479 4,79 5,28 4,60 13,129066 1,1 1,2 1,07
56 10,38 11,56 2,51750495 4,55 5,06 4,36 12,465981 1,2 1,4 0,91
57 9,97 11,21 2,41037708 4,37 4,91 4,18 11,935514 1,3 1,5 0,73
58 9,36 10,63 2,30324921 4,10 4,66 3,99 11,405047 1,3 1,6 0,77
59 8,57 9,92 2,14255741 3,75 4,35 3,71 10,6098346 1,4 1,8 0,69
60 8,25 9,69 2,03542954 3,62 4,25 3,53 [10,078879 15 21 0,39
61 7,67 GliE 1,92830167 3,36 4,01 3,34 9,5484113 1,5 2,3 0,39
62 7,77 9,368 1,87473773 3,41 4,10 3,25 9,2831777 1,6 2,5
63 |left part rigth part
B4

Figure 44. Connection of the output M Q (AF: 43-44) and the input M Q.

Checking the capacity and deflection made by entering material data (K-L) :( 35-45) in

the cells AD: (33-41) (Figure 45).

AE

Mna

\') W X Y z AA AB AC AD
22 [Mna
23 [Mna | 9,14E-04| 5,84E+01 |uH/m2 0,058387 |Mna
24
25 [Mna |9,13E—04 5,84E+01 |uH/m2 0,058351 |Mna
26 (Mna
27 F3 0,006235 m2 9,13E-04 | 5,84E+01 |uH/m2 0,058351 |Mna
28 0,00E+00 | 0,00E+00 |uH/m2 0
29
30
31 check the capasity
32
33 pine tension 91
34 pine compression 94
35 pine shear 97
36 0,00 pine commpression 90 96
37 0,00
38 0,00 insulation tension 100
39 0,00 = insulation compression 100
40 0,00 insulation shear 79
41 0,00 beam compression on support 58
42 0,00
43 ° m

compression/ o .total.Mna

Figure 45. Checking the capacity

In lines 68-83, the values of the span length of the beams were obtained in theoretical

calculation (Figure 46).
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o
8 insuation [ 150 150 150 ] 200 00 00 0 36 10 | 150 150 50 200 %0 00 ™0 150 E T R 50 00 ) % 50 50
@ board » 2 20 ) 1 3 )

»

T

n % 5 ] ¢ 5 3 i 5 ] ¢ y 5 3 i 0 < i 5 T % 5 3 % 5 3 i c

n 1 75 | s | 8 [x3 75 26 10 ) XY 58 78 57 103 [} 43 s 103 56 85 a1 1 (X Y} 18 53
M5 65 | s | 27 ) 3 ) s |37 | 79 E] 93 82 58 52 87 | 77 (7] 10 43 43
B2 6 |85 [ae| 3 [ 0 7 | as | 73 65 [ 18 35 6 86 [} 7 34 54 X I3 108 iy
% 25 56 | s |29 68 3 76 | &8 | 3 65 61 ) 33 [ 76 67 33 T} 37 T )
w 5 54 1 daa 1221 a3 | 58 22 1 85 | 23 63 | s o 51 28 72 | &4 1 3 1 am 55 i al

T 5 45 t21 ] 6 | 52 | 24 1 7 162 26} 6 ] 55 | 36 1 73 2 23 68 | 61 | 28 | 8 L] 338
n 4 H a2 f 2 57 5 20 | 65 ] 6 | 25 | S8 H a4 1 7 28 i 65 | s8 | a6 | 77 32 z a5
L] 5 48 4 1181 55 | 48 21 &1 55 | 24 55 A7 23 65 25 65 3 61 [ 54 25 X 3 ] 21| 54
8 a3 43 | 87 |17 51 a5 2 55 | s2 |22 | s1 [ 21 61 24 7 62 28 | s8 | 51 24 67 & 8 78 52| 83
[ w1 | 35 [ a6 a3 Y] 19 51 s | a1 I3 43 ) 58 5 23 65 ss | 36 | ss | s 23 64 26 2 64 | 3
8 & 4 [ 85 |35 4 18 a3 | a7 | 2 ] Az 19 55 48 23 &1 55 25 | 53 | a7 23 61 54 25 7 51 25
-

Figure 46. Theoretical values of the span length

After the experimental determination of the deflection, its calculated value was reduced

by a factor of 10, the coefficient k2 in part 7 (Figure 47).

90 |
91
92

93 HoEdDULMEHT N 21,544347
94

95 | nr1/a | 2,1544347|

9&

a7

Figure 47. k2 (I: 92)

In lines 90-101, the values of the span length of the beams were obtained taking into
account k2 (Figure 48).

)
) | TR J 50 oo 70 7% = 0 % 50 =) o

L1 d 20 20 20 20 20 0 20 20 0 33 33 33 33 33 33 33 33 33 3 ] ] 3 43 3 3 3 3
"

) | IR I = 5 < ) T T = 5 3 = v < ) v T = 5 < = v < r T

2 YT ETTER D T Sesl | teni | aedr | air7 | Loos | aoes 5510 EE T 177 i85 | 53s8 | aysa | 3274 | ause | seas | ioos 5108 4595 | 2208 | a8 | 5106 | zast
2 3017 | 3788 (18] 871 3300 | vems | a1z | sous [uno | seer | saes s | amir 3506 1830 | aara | aaro | aoea | soss | asra | iov 641 4177 | 198 | saey | sess | 33
@ 2785 | 2,553 [1a14] 5388 3007 | 1346 | 3713 | 3248 | 1532 | 3sms 3017 a3 | ses 3481 1625 | aase | 3se2 | 1908 | 3713 | 325 | 1578 4,363 3853 | 1857 | asrs | ases | zomc
s 25 asee [asnliosa] sase 2,785 | 1255 | asam | sase | asea | aase 2851 1346 | so1s 3389 153 324 | a8 | aur | asas | sui0 | 1am 4085 3620 | 1700 | sses | aoes | sse
63 2506 | 2228 [1oa1] 5017 2559 | 1200 | sse2 | sowr |38 | 290 2602 153 | 35 3,063 1439 | s0os | 528 | w625 | 3342 | aem | 13m 3853 3435 | 1625 | a363 | ama | vesi
% 2821 [ 2088 (0918 2788 2416 | 1uie | saes | amvs | a000 | 2788 2859 1200 | saas 2924 1591 | sass | ases | ssre | sas6 | assi | aseo | sms 3396 | 187 | aam | sous | ved
W 2321 | 1,949 | 0028 21646 1321 1,068 3017 2785 | 1,160 2,692 2321 1114 3249 21878 1,300 3667 3249 1,485 3017 2,692 1,207 35 3,083 1,485 3992 357 1671
@ s 2,195 | 1857 [o83s| 2883 2228 | oo7rs | ajes | 2sss [sa1a | 258 2182 1oss | sow 259 1,160 | 8438 | aou7 | 33e2 | 2sa | asos | 180 | 3208 3524 | i3s3 | ans | ssaz | e
“ 1996 | 1717 [o7ee] 2367 2009 | oz | zss3 | ae1s | soay | s6r 2082 0975 | amar 3,460 1| 3ae9 | aare | s00 | 26w | aser | wue 3110 2785 | 1300 | s | sase | pant
- 1903 | 1615 [07as| 2182 1945 | oss: | 236 | 2521 | osrs | aset 1.5% 0528 | 2692 3521 1,068 | 3,017 | 2350 | 1200 | 2555 | 2274 | o6 2971 2846 | 1200 | 8se | aen | ised
s 157 | 1592 [osse] 204z 1857 | omss | 2208 | 212 |osan | 228 1589 [T T 2220 1031 | a3 | asss | sieo | aase | aama | won 2831 2506 | 1360 | a0 | zwvm | s

Figure 48. Values of the span length of beams taking into account k2

Span lengths results is shown in APPENDIX 2.

6. Calculation of the drainage capacity of a ventilated duct system

The republic of Karelia, the Leningrad region and the Novgorod region were considered
as the place to use this composite beam. The Republic of Karelia was selected because
of 1) most cities are in Karelia, 2) the northernmost territory, 3) the largest area of the

region, 4) it is located near Finland and has similar snow and wind conditions.

The city of Petrozavodsk is selected.
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6.1. Calculation of the drainage capacity of a ventilated duct system

According to SP 17.1330.2017 “Roofs. Updated edition of SNiP 11-26-76” (22) Appendix
A: A.3 3 Calculation of the drainage capacity of the system of ventilated channels and

the number of aeration pipes in the combined roof of buildings and structures.

A.3.1 The amount of moisture, g /m?, removed from the insulation through ventilated
channels per a period with monthly average temperatures above 0 ° C, is calculated as

per the formula (25).

_ N Xa[(By — Byt - vyl
1= F

(25)

f- the cross-sectional area of the channel, m?;

N - the number of ventilated channels in the roof area or on the entire roof;
n - the number of months with an average outdoor temperature ti> 0 ° C;
T; - the duration of the month, s;

Vi - monthly average air velocity in the channels, m/ s;

F— the area of the roof or its section, m?.

B2i - the moisture content of the air leaving the channels at a temperature ti, g / m3, is

calculated as per the formula (26);

_ 1,168E;

=% 26
t¢ +273 (26)

2i

B1i - the actual moisture content of the air entering the channels at a temperature ti and
the average relative humidity of the outside air for this month (Figure 56), g / m3, is

determined by the formula (27);

1,168e,

=" 27
o +273 @7
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The average monthly temperature of the outdoor air taking into account solar radiation

is calculated as per the formula (28), (22).

Plpan
a

H

tg =ty + (28)

The air temperature at the outlet of the channels is calculated as per the formula (29).

o katy + iyt

£t = 29
k k, + k, (29)

Ek - the partial pressure of saturated water vapor at the air outlet from the channels, Pa,
determined by tk ¢ (13, tables C.1 and C.2);

tck - the air temperature at the outlet of the channels (Figure 55), ° C, determined by the

formula (A.3) here tB is the room air temperature, ° C;

kB, kh— heat transfer coefficients of the coating parts below the center of the channel

section and above it, W / (m?- ° C);

tcH - the average monthly temperature of the outdoor air taking into account solar
radiation determined by the formula A.M. Shklover taking into account the transparency
of the atmosphere: (A.4) here tH is the average monthly outdoor temperature, ° C (12,
table 5.1);

p - the heat absorption coefficient;
J rad - the average monthly value of solar radiation, W/ m 2 (12, table 8.1);

Y — coefficient of transparency of the atmosphere (for urban development take W =
0.7);

aH - heat transfer coefficient (take an = 23 W / (m?- ° C)). (A.5) where eH is the average

water vapor pressure of outdoor air for a given month, Pa.

The air velocity in the channel for each of n months is calculated as per the formula (30)
(22 A.6).

ky —ky
v =v, |——  (30)
f[a+2€+1

where —Vei is the weighted average wind speed, m /s, at a height of 10 m for each

summer month; for this calculation was adopted = 2.3 m/ s;
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k1, k2— aerodynamic coefficients at the channel entrance and exit are shown in Table
A.3 (Figure 49).

For this example, k1 - k2 = 0.3. If the height of the building is greater than or less than
10 m, the air velocity in the channel is determined taking into account the change in

wind speed in height according to the formula (31)

V'ei - the weighted average wind speed, m/ s, at an altitude of less or more than 10 m

for every summer month;

TN -
D=V () GD

-~

H— height to the entrance to the opening of the ventilation duct, m.

L - the length of the ventilated channel, m;

TabnuuaAl
A3poavHaMUYEcKne KO3 HULIMEHTI NpK
Hanpasnewve setpa, | oo 3S/H, 6S/H,
rpan L/H, L/H,
1 2 3 4 6 8
an0 Ky +0,6 |+086 +0,6 [+0,5 +0,5 +0,5
Ko -06 |02 -0,15 |-0,15 0.1 -0,05
459 Kq +0,2 [+0,2 +0,2 |+0,2 +0.,2 +0,2
Ko -08 |06 -0,3 |01 0.1 -0,1
S - nnvHa 3pawvii, M; H, — BbICOTA 30aHMA OT YPOBHA 3eM/M [0 Bepxa Koabipbka, M; L —
WWpUHA 3[aHUA, ANVHA BEHTUAMPYEMbIX KaHaNoB, M.

Figure 49. Aerodynamic coefficients at the channel entrance and exit (22)

JT - the coefficient of resistance to friction, is calculated as per the formula (32), (22).

1
J=0114%% + ————— 32
* 4-10* 490 (32)

A - the reduced roughness of the channel walls, is calculated as per the formula (33);
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A+ 4,

A
2d

(33)

Al and A2 are the absolute roughness of the material of the channel walls, taken

according to table A.4;

d - the equivalent diameter of the channel, m; for a rectangular channel with sides a and
b; is calculated as per the formula (34)

2ab
a+b

According to this algorithm, an Excel file was compiled to automate the calculation
(APPENDIX 4).

6.2. Determination of the amount of condensate formed during the

winter period

The determination of the amount of condensate formed in the structure is carried out on
the site (15) and shown in APPENDIX 5.

Of all the thicknesses of the boards (20.33.34 mm) and the insulation (150,200,250
mm), fulfilling the standards for thermal protection, the most amount of condensate is

formed in the following version of the layer thicknesses 33,150,33 mm.

According to Russian standards, the amount of condensate formed is considered during
the coldest month. For Petrozavodsk, this is January with an average temperature of -
10.3 s and a humidity of 86%, 0,77 kg / m? of condensate is formed during January, 2,3

kg / m? of condensate is formed during winter period.
Also 3 options of the beam were considered.
For Petrozavodsk with the length of the vent. channel 7 m:

1) 20/200/20: 2.26 kg / m? of moisture is formed during winter period. 2.27 kg /m? of
condensate is removed by 4 channels with dimensions 10 * 10 mm in a board for 1
summer period.
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2) 33/200/33: 1.9 kg / m? of moisture is formed during winter period. 2.12 kg / m? of
condensate is removed by 3 channels with dimensions 12 * 10 mm in size in a board for

1 summer period.

3) 43/200/43: 1.8 kg /m? of moisture is formed during winter period. 1.96 kg / m? of
condensate is removed by 3 channels with dimensions 11 * 10 mm in size in a board for

1 summer period.

The drawings of the cross-section of the beams shown in APPENDIX 6.

6.3. Determination dimensions of ventilation holes in the boards

As a solution to the problem of removing excess moisture from the beam structure,
ventilation of the board at the border of the inside layer of pine and the insulation is

proposed.

Based on the amount of condensate formed in the winter, the size and number of
rectangular ventilation channels is calculated according to the joint venture of (22),
using the Excel file. 2 ventilated channels with dimensions of 20 * 10 mm in the board

remove condensate 2.51 kg /m? for 1 summer period (Figure 50).

Paragraph 4.5 (22), which states that the height of the ventilated duct must be at least
50 mm and the minimum area of the inlet of the ventilation duct in the cornice section is
200 cm2 / m, and the outlet openings on the ridge - 100 cm? / m, is not observed, but
using formulas theoretically possible to remove moisture from the structure during the

summer period.
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Figure 50. Cross section of the composite with ventilation channels.
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7. Experimental research

According to (16) for polystyrene PPS-25 R.=0,16 MPa
Since the tensile strength, shear, modulus of elasticity in the (16) is not given.

The mechanical characteristics of composite beams 215 x 175 x 1500 long, polystyrene
PPS 25 with dimensions in compression 50 x 50 x 50mm, in tension 60 x 30 x 30mm
and in shear 180 x 50 x 15mm experimentally are determined in the interdepartmental
laboratory of Saint Petersburg State University of Architecture and Civil Engineering
(Figure 51).

.

F s

s A
‘.'f"

Figure 51. Samples for research
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7.1 Determination of tensile strength of the polystyrene PPS-25

Samples for Determination of tensile strength are shown in Figure 52.
Figure 53 shows a device for determination of tensile strength.

The results of determination of tensile strength of the polystyrene are shown in the
Graph 1 and Table 2. The value of modulus of elasticity was also received.

Figure 52. Samples for determination of tensile strength
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Figure 53. Determination of tensile strength of the polystyrene

Mpacumk ncnbiTaHna obpasuos, nonatkM 170x70x15

70
o T S S S RS SRR SRR

50t

: : O6pazey N
40t - - 4 L.

30

Harpyska [N]

b wWwN =

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

Oedopmaumna npu pactsxeHun (dedopmauuns 1) [Y%]

Graph 1. Determination of tensile strength of the polystyrene
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Table 2. Determination of tensile strength of the polystyrene

Tensile Modulus of Maximu = note | thickn Width @ lengt Poisso
strength elasticity E m laod ess h n's

(Automatically) Gl ratio

[MPa] [KN] [mm] [mm]
[MPa]

0,19426 11,93910 0,06 1 15,00 | 20,00 | 25,00 1,00
0,20723 14,06654 0,06 2 15,00 ' 20,00 | 25,00 1,00
0,21505 15,70567 0,06 3 15,00 | 20,00 | 25,00 1,00
0,20058 14,00627 0,06 4 15,00 = 20,00 | 25,00 1,00
0,18654 13,75799 0,06 5 15,00 | 20,00 | 25,00 1,00
0,20073 13,89511 0,06 mean 15,00 = 20,00 25,00 1,00

7.2 Determination of modulus of elasticity of the polystyrene PPS-25
in compression case

Samples for Determination of modulus of elasticity are shown in Figure 64. Figure 65
shows a device for determination of modulus of elasticity. The results of determination
of modulus of elasticity are shown in Graph 2 and Table 3. The value of Compression

strength was also received.
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Figure 54. Samples for determination of modulus of elasticity
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Figure 55. Determination of modulus of elasticity
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Mpadunk ncneitaHna obpasuos MNMNC-25 neHonnacra, Kybel 50x50x50 t=20°C

400

g 1
- 2
% 200 :
& —
E — 6
T 7
100 — 8
— 9

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Oedopmauma npu oxatum (MepemeweHne) [%]

Graph 2. Determination of modulus of elasticity
Table 3. Determination of modulus of elasticity

Maximum | Modulus of = Compression Compression | Poisson's

laod elasticity E = strength under strength, ratio
N] (MPa] maximum load = elongation 5%
[MPa] [MPa]
1 351,70 3,92 0,14 0,12 1
2 361,83 5,05 0,15 0,13 2
3 353,99 4,42 0,15 0,13 3
4 371,54 4,68 0,15 0,14 4
5 343,86 4,72 0,14 0,13 5
6 351,69 4,15 0,14 0,13 6
7 344,89 4,49 0,14 0,12 7
8 337,43 3,63 0,14 0,12 8
9 347,49 3,02 0,14 0,12 9
mean | 351,60 4,23 0,15 0,13
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7.3 Determination of shear strength of the polystyrene PPS-25

Rck is shear strength. Samples for Determination of shear strength are shown in Figure
56. Figure 57 shows a device for determination of shear strength. The results of
determination of shear strength are shown in Graph 3 and Table 4.

Figure 56. Samples for determination of shear strength
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Figure 57. Determination of shear strength
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Onp. mogynsa casura npusmel 180x50x15

Harpyska [kN]

4 5
MepemelueHne [mm]

7 8 9

Graph 3. Determination of shear strength.

Table 4. Determination of shear strength.

Maximum Displac

load P
[kN]

2,43
2,61
2,88
2,83

g A W N

2,37

mean 2,62

emant

[mm]

2,61
3,50
4,14
4,18
3,12
3,51

g |l W N P

mean

Shear
strength
Rck

[MPa]
3,24
3,49
3,84
3,77
3,16
3,50

Length
[mm]
180,0
180,0
180,0
180,0
180,0
180,0
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Elongation

[mm]

10,06
13,10
11,92
7,88
7,13
10,02

note

g |l W N P

Load
[kN]
0,98
1,36
1,72
0,91
1,30
1,25

O6pazeu N2

(SR S WA L

Thickness

[mm]

15,0
15,0
15,0
15,0
15,0
15,0

Width

[mm]

50,0
50,0
50,0
50,0
50,0
50,0



7.4 Experimental determination of the nature of fracture, maximum

bearing capacity

Composite beam with loading and support conditions is shown in Figure 58 and 60.

L

Figure 58. Composite beam with support conditions
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On the Figure 59 you can see the beam on the support 100 mm.

Figure 59. Beam on the support 100 mm

On the Figure 60 you can see movement measuring instrument.

B O || (VY

S

Figure 60. Composite beam with loading and support conditions
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The deformed beam after loading is shown in the Figures 61-63.

Figure 61. Deformed beam

A R . - b ;
2

Figure 62. Deformed beam
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Figure 63. Deformed beam
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The destruction of the beam occurred at a load of P = 14.5 kH in the upper board under
compression (Figure 64).

Figure 64. Destruction in the compressed zone of wood

Beam after destruction in the compression zone is shown in Figure 65.
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Figure 65. Beam after destruction in the compression zone

The destruction of the beam occurred at a load of P = 14.5 kH in the upper board under

compression (Graph 4).
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Graph 4. Graph during beam destruction

Theoretical stress distribution during beam destruction was calculated using Excel file

and is shown in Figure 66.
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Figure 66. Theoretical stress distribution during beam destruction
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7.5 Experimental determination of the deflection and bending

stiffness

Data from bending test machine were used to determine deflection and bending
stiffness. Elastic and elastic-plastic deformations of the beam during the loading are

shown in Graph 5.

Load ,kN

—Load ,kN

-5 0 5 10 15 20 25 30 35
Position ,mm

Graph 5. Elastic and elastic-plate deformations

The elastic deformations of the beam were considered to determine the experimental
stiffness of the beam. Span length 1=1,3m since when the deformation scheme on the
supports span is 1,5m-2*0,1m. Table 5 shows the experimental determination of bending
stiffness.
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Table 5. Experimental determination of bending stiffness

L P kH '”d:\‘jator' fam | fm | Elexp | 0,7EI | k2
1,3 0 83,02 0 0

1,3 45 87.3 428 |000428| 48 | 510 |11
1,3 5,5 88,57 5,55 |0,00555| 45 | 510 |11
1,3 10 97,0 13,98 |0,01398| 33 | 510 |16

The experimental deflection is approximately in 10 more than the theoretical one,
therefore, we reduce the rigidity of the El cross section by 10 times. K2- shows how

much experimental stiffness El is less than designed.

7.6 Compression strength perpendicular to the grain on the support
for the beam

Because the polystyrene has low Compression strength it is necessary to take into
account polystyrene’s deformation on the support parts of the beam. Figures 67,68 show

beam on the support after loading.

o

R

Figure 67. Beam on the support after loading
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On the Figure 68 you can see the deformation of the polystyrene on the support.

Figure 68. The support for the beam 100 mm

Using the Graph 5, it is possible to determine at what load the elastic deformations were

replaced by elastic-plastic. After that R.,, is calculated (Table 6).

Table 6. Determination compressive strength perpendicular to the grain on the support

for the beam.

P, load 9 kH
b 0,17 M
Isupp 0,1 M
Area 0,017 M2

264,7059 | kH/m2
Ry 0,264706 | MPa

P — load on the beam,

b — the beam width,

Isupp — the length of the beam on the support,
Area — the Area of of the beam on the support,

R, -the design compressive strength perpendicular to the grain on the support for the

beam,
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8. Conclusion

An excel file was compiled to calculate spans length, stresses using the reduced
section method and Russian norms. A table of span length was compiled for 3 design
schemes, 3 options for thicknesses of boards and 3 variations of thicknesses of
insulation. A table of thermal resistance was compiled. An excel file was compiled to
calculate the amount of moisture, removed from the insulation through ventilated
channels. 3 beams with ventilated channels were developed. During the experimental
research, the actual beam bending stiffness was obtained. All calculations were done
according to the Russian norms.

The design procedure of this beam can be added in the Russian normative
documentation SP 64.13330.2017 «Wooden structures». Calculation of moisture
removal can be made with certain assumptions for this design. Despite of the fact that
the foam has a strength of 0.15 MPa and a timber of 12 MPa the destruction of the
polystyrene does not occur, only slight crushing on the supports. Because of little
bending stiffness the main factor determining the span length is deflection. Standard
roofing system with tiles can be used for the roof structure. It is necessary to develop a
place of air inlet and outlet to ventilation canal in the beam and adjust calculation of the

drainage capacity of a ventilated duct system.
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Figure 2. Variant of the beams with insulation from polystyrene

Figure 3. Variant of the beams with insulation from cork
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Figure 11. Conduction

Figure 12. Reduced section method. Determination of stresses. (Structural fiberglass
1979, Alperin V.1, p.263)

Figure 13. Bending and shear stress distribution in the cross section of the beam.
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Distribution of bending moments and shear forces.

The values of the coefficients k and c for the basic design schemes of beams
Console static scheme

Static scheme

Static scheme of single-span beam

Static scheme for the case of a two-span beam with a distributed load of 2

spans of the beam

Figure 37.

Static scheme for the case of a two-span beam with a distributed load of 1

span of the beam for 1 span

Figure 38.

Static scheme for the case of a two-span beam with a distributed load of 1

beam span for 2 span.
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The first part of excel

M, Q and f determined for different design patterns, loads, and spans
M, Q and f determined for different design patterns, loads, and spans
M, Q and f determined for different design patterns, loads, and spans
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Graph 3. Determination of shear strength.
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Graph 4. Graph during beam destruction

Graph 5. Elastic and elastic-plate deformations
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Table 3. Determination of modulus of elasticity

Table 4. Determination of shear strength.

Table 5. Experimental determination of bending stiffness

Table 6. Determination compressive strength perpendicular to the grain on the support
for the beam.
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APPENDIX 1

modulus of elasticity of layers layer height
E1/E2 E1= 10000 |MPa mm
2000
E2= 5 MPa mm
E3= 10000 [MPa mm
width of the b= 145 mim | H 336 mim
beam 0,336 m
to E= | 10000,0 [Mpa | 10000000 |kH/m2
E of section | 5882,96 |Mna
| of section 0,00046|ma
El= 10000 [Mna 10000000 kH/m?2
10000 [Mna 10000000 | kH/m2
E2= 5 Mna 5000(kH/m2
5 Mna S000kH/m?2
E3= 10000,00 (Mna 10000000 kH/m?2
10000,00 (Mna 10000000 | kH/m2
density
dead load pine kr/m3 4,9 kH/m3
insulation ur/m3 0,245 KH/m3
total
. . . =
bending +compression or tension ®
the
point.
reduced width reduced cross-sectional area
bi= 145 |mm F1 6235 w2 0,006235 |m2 |
b2= 00725 |mm F2 18,125  |mm2 1,8125E-05 |m2 |
b3= 145 |mm F3 6235 w2 0,006235 |m2 |

distance from the bottom of the section to the neutral axis.

0=

Kl=

168

0,00

mm

F

0,01248813 [m2

- moment of inertia of the equivalent section relative to the neutral axi:

| 2696500777

mma

2,70E-04
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the distance from the lower

point of the center section to the

L1 1 1 |

utral axis.

i layer

z1 | 3145 |mm
2 | 168  |mm
3 | 215  |mm

from the bottom of the beam

| coBCTBEHHbIN Np.cey.

960709,5833

94401,04167

960709,5833

[ 1]

APPENDIX 1

mmhg

mmh 4

mmng

| Nnpy NnepeHoce oceld np.cey.

Total | the neutral axis.
I1c 1,34E+08 |mmnd 1,35E+08 |mmt4
12¢ 0 mmhg 9,44E+04 |mmt4
3¢ 1,34E+08 |mmnd 1,35E+08 |mmt4
Cynim 2,70E+08 |mmtd

distance from the bottom of the section to the neutral axis.

20= 168

K= 0,00
"1 336
z'2 293
'3 293
7’4 43
7'5 43
z'6 0

mm

MM

MM

MM

MM

I'- moment of inertia of the

I'- moment of inertia of the equivalent section relative to the neutral axis.

I | 269650077,7 mmd

2,70E-04

m4

2'i-z0,nmam | 2'i-20,m
168 0,168
125 0,125
125 0,125
-125 -0,125
-125 -0,125
-168 -0,168
npusene Hanpna{ 0 ‘kH/mZ
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equivalent section relative to

1011,22|kH/m2

752,399 |kH/m2

0,3762|kH/m2

-0,3762|kH/m2

-752,4|kH/m2

-1011,2|kH/m2
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- T T MM
0,00E+00 | 0,00E+00 0 0
\ F1 | 0,006235 | m2 | 9,13E-04 | 5,84E+01 |kH/m2 0,058351 |Mna 43
| r2/2 | 90625606 | m2 | | 9,13E-04 | 5,84E+01 |kH/m2 0,058351 |Mna 43

| 9,14E-04] 5,84E+01 |kH/m2 0,058387 |Mna 168
| 9,13F-04 | 5,84F+01 |kH/m2 0,058351 |Mna 43

F3 0,006235 m2 9,13E-04 | 5,84E+01 |kH/m2 0,058351 |Mna 43
0,00E+00 | 0,00E+00 |kH/m2 0 |Mna 0

Chart Data

336 0,00

293 0,00

293 0,00

168 + 0,00 =

000

43 0,00

43 0,00

0 0,00

MM o bending tMna | tkha o compression/ T,Mna

. o total,Mna
Mna tension, Mna

Stress distribution in the scross section of the beam
400

3500,00

0,0000
0,00038 0,0584 .
U

B 07520

o compression/
tension, Mna
o bending Mna

SECTION HIGHT, MM

STRESSES, MINA
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Stress distribution in the scross section of the beam
400

350

0,0000
0,0584
30 U‘O-'J:,

o ,fotal Mna

1,Mna

SECTION HIGHT,MM

100

-0 0004
50

0,0584
[228s 0,0000

0,00
STRESSES MIA

Stress distribution in the scross section of the beam

W

]
|
=
1
=
!
B
i
=
|
=
i
]

N
(41}
S

1.KlMa

58,38738468

T el Il

SECTION HIGHT,MM
N
(=]
S

~
()]
S

o L o) ot ) o

P
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Stress distribution in the scross section of the beam

3500,00

30470

N
3

0 compression/
tension, Mna

0,50

STRESSES MrIA

Pose sur 3 appuis Pose sur 2 appuis Débords de toiture

B A A T, A AT, A X A C

2 spans
pacnpeaeneHHan Ha scio A [ultimate diflection I/ | | 350|
lvariant MQ

[ELkh mz | ki/m2 | gkH/m M1 QL | x [fOmpornbmm|fnporn6mm| M2 Qz M3 a3 XL [f0,npornbl,mmf,npornbLmm|  x2 | f0nporn62,mm|fnpornb2,mm] | |np. Mp.,
[ 181 15 0.2 1,0 08 | 2,508 9,08 9,60 0,73 0 0,5 07 | 281078 15,28 16,21 3,43315 6,69 7,10 5,95 17
20 03 1,0 10 | 223 756 8,15 0,77 0 05 0,9 |2,49966268| 12,78 13,77 | 3,0531443 5,60 6,03 529 |151183
] 25 04 11 11 | 2,054 82 7,44 0,82 0 0,5 10 |2,30232089| 11,52 12,57 |2,81210659 5,05 5,51 4,87 |13,9247,
3,0 0,4 11 12 | 1,937 6,47 7,14 0,87 0 0,6 11 | 2,1707597 10,93 12,06 | 2,65141479 4,79 5,28 460 | 13,1290
] 35 05 12 14 | 1839 614 6,84 0,92 0 06 | 12 |206112537] 1038 11,56 |2,51750495 4,55 5,06 4,36 | 12,4659
4,0 0,6 13 15 1,761 5,90 6,64 0,96 o 0,6 14 1,97341791 9,97 11,21 2,41037708 4,37 4,91 4,18 11,9355
] 4,5 06 13 16 | 1,683 554 6,29 0,99 0 06 | 1,5 |1,88571045 9,36 10,63 |2,30324921 4,10 4,66 3,99 [11,4050.
55 08 14 18 | 1565 507 5,87 1,05 0 07 | 17 |1,75414925 8,57 9,92 |2,14255741 3,75 2,35 371 |10,6093
6,5 0,9 15 21 | 1,487 489 5,74 112 0 07 | 1,9 |1,66644179 8,25 9,69 |2,03542954 3,62 4,25 353 |10,0788
7.5 11 15 23 | 1409 a5 5,42 1,16 0 08 | 2,0 |1,57873433 7,67 9,16 |1,02830167 3,36 2,01 3,38 |9,54881
8,5 12 16 25 | 137 460 5,54 1,04 0 08 | 2,2 |1,5348806 7,77 9,368 | 1,87473773 341 4,10 325 |9,28317
left part rigth part
IS L LapELILY Ul BuppUT L SuULLOL U
2 variant B
ElLkh*m2 kH/m2 q,kH/m | M1kH*m Ql1,kH M2,kH*m Q2,kH l,m X f0,nporub, mm|f,nporuB,mm| np. Mp,mm

161 1,5 0,2 a 0,55 0,7 1] 5,10574772 | 2,55287 11,79 12,77 14,59

2,0 0,3 1] 0,67 0,8 0 4,68800472 | 2,344 11,20 12,31 13,39

2,5 0,4 1] 0,79 0,9 0 4,3630935 | 2,18155 10,53 11,72 12,47

3,0 0,4 1] 0,88 0,9 0 4,08459817 | 2,0423 9,71 10,97 11,67

3,5 0,5 0 0,98 1,0 4] 3,89893462 | 1,94947 9,42 10,76 11,14

4,0 0,6 0 1,07 1,0 1] 3,71327107 | 1,85664 8,86 10,25 10,61

4,5 0,6 0 1,16 1,0 4] 3,5740234 | 1,78701 8,56 10,01 10,21

5,5 0,8 1] 1,31 1,1 0 3,3 1,65 7,61 9,12 9,43

6,5 0,9 1] 1,46 1,1 0 3,1 1,55 7,00 8,58 8,86

7,5 1,1 1] 1,52 1,1 0 2,8 1,4 5,38 6,87 8,00

8,5 1,2 0 1,72 1,2 4] 2,8 1,4 6,10 7,79 8,00
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C
‘ ElLkh*m2| kH/m2 q,kH/m M1 a1l M2 Q2 M3 Q3cneea Q3cnpaea 11 fo,nporub,mm |nporub,mi np. Mp,nmm
‘ 161,39 1,48 0,21498 1] 0,4 0,4 0,0 0,7 -0,2 0,5 5 2,46004 6,10 8,28 12,30
1,98265 | 0,28748 1] -0,1 0,0 0,0 0,7 0,0 0,7 2 2,27438 5,96 8,45 11,37
2,48265 | 0,35998 1] 0,0 0,0 0,0 0,8 0,0 0,8 2 2,08871 5,31 7,94 10,44
2,98265 | 0,43248 0 0,0 0,0 0,0 0,8 0,0 0,8 2 1,94947 4,84 7,60 9,75
3,48265 | 0,50498 0 0,1 0,0 0,0 0,9 0,0 0,9 2 1,85664 4,65 7,57 9,28
3,98265 | 0,57748 0 0,1 0,0 0,0 0,9 0,1 1,0 2 1,7638 433 7,35 8,82
4,48265 | 0,64998 0 1,4 1,6 0,0 0,9 0,2 1,1 5 1,67097 3,92 5,97 8,35
5,48265 | 0,79498 0 0,3 0,1 0,0 1,0 0,2 13 2 1,57814 3,82 7,14 7,89
6,48265 | 0,93998 ] 0.4 0,1 0,0 1,0 0,2 1,4 2 1,48531 3,54 7,03 7,43
7,48265 | 1,08498 o 0,6 0,1 0,0 11 0,3 1,5 2 1,39248 3,16 6,69 6,96
8,48265 | 1,22998 0 0,7 0,2 0,0 1,0 0,4 1,6 2 1,29964 2,72 6,21 6,50
pine insulation
board 20mm Rpacrt -11,8 -0,15 |Mna
Rei 17,8 0,15 (Mna
bord 33mm Rpact -10,8 -0,15 |Mna
Rem 16,2 0,15 Mna
board A3mm Rpacrt -10,26 -0,15 |Mna
Rci 15,39 0,15 |Mna
Rck, B4.B. 2,25 0,28 |Mna
Rcm 0,411 |Mna
4500 411 KH/m?2
check the capasity
pine tension 91 %
pine compression 94 %
pine shear 97 %
pine commpression 90 96 %
insulation tension 100 |%
insulation compression 100 %
insulation shear 79 %
beam compression on support 58 %
M M 1,62 Ku*m
1 l/120 2,50 Kn
3 1/150 N Kh
A B C B C A B C A B C A B C A B C A B C
1 7.5 6,5 3 8,5 75 3,6 10 9 41 88 78 3,7 10,3 9 43 11,5 10,2 4,9 9,6 8,5 41
15 6,5 (3 2,7 8 7 32 9 8 3.7 79 7 3.2 9.3 8,2 39 10,5 9,2 4,4 87 7,7 37
2 6 55 2,4 73 6,5 2,9 8 7 3.3 7,3 6,5 31 8,6 75 35 9,6 86 4,1 8 71 34
2,5 56 5 2,3 6,8 6 2,7 7,6 6,8 3 6,8 6,1 29 8 7 33 91 8 3,7 7.6 6,7 31
3 54 438 2,2 6,5 55 2,6 7,2 65 29 6,3 58 2,7 7.6 6,6 31 87 7,6 35 7.2 64 3
35 5 45 2,1 6 52 24 7 6,2 26 6 55 2,6 7.3 6,3 3 83 7.3 34 6,8 6,1 2,8
4 5 4,2 2 57 5 2,3 6,5 6 2,5 58 5 24 7 6,2 2,8 78 7 32 6.5 58 2,6
5 4,6 4 18 55 48 21 6 55 2,4 5,5 4,7 2,3 6.5 56 2,5 7.4 6,5 3 6,1 54 2,5
6 43 3,7 1,7 5,1 45 2 5,5 52 2,2 5,1 44 2,1 6,1 5,3 2,4 7 6,2 2,8 58 5,1 2,4
7 41 3,5 1,6 4,7 42 1,9 5,1 5 2,1 5 43 2 58 5 2,3 6,5 5,9 2,6 5,5 4,9 2,3
8 4 33 15 44 4 18 48 47 2 48 42 19 55 48 2,2 6,1 55 2,5 52 47 2,2
insulation 150 150 150 200 200 200 250 250 250 150 150 150 200 200 200 250 250 250 150 150 150
board 20 20 20 20 20 20 20 20 20 33 33 33 33 33 33 33 33 33 43 43 43
I A B C A B C A B C A B C A B C A B C A ;] C
1 3,481 3,017 | 1,392 3,945 3,481 1,671 4,642 4,177 | 1,803 4,085 3,620 1,717 4,781 4,177 1,996 5,338 4,734 2,274 4,456 3,945 1,903
15 3,017 2,785 | 1,253 3,713 3,248 1,485 4,177 3,713 1,717 3,667 3,249 1,485 4,317 3,806 1,810 4,874 4,270 2,042 4,038 3,574 1,717
2 2,785 2,553 | 1,114 3,388 3,017 1,346 3,713 3,249 1,532 3,388 3,017 1,439 3,992 3,481 1,625 4,456 3,992 1,903 3,713 3,296 1,578
2,5 2,599 2,321 | 1,068 3,156 2,785 1,253 3,528 3,156 1,392 3,156 2,831 1,346 3,713 3,249 1,532 4,224 3,713 1,717 3,528 3,110 1,439
3 2,506 | 2,228 | 1,021 3,017 2,553 1,207 3,342 3,017 | 1,346 2,924 2,692 1,253 3,528 3,063 1,439 4,038 3,528 1,625 3,342 2,971 1,392
3,5 2321 | 2,089 | 0,975 2,785 2,414 1,114 3,249 2,878 | 1,207 2,785 2,553 1,207 3,388 2,924 1,392 3,853 3,388 1,578 3,156 2,831 1,300
4 2,321 1,949 | 0,928 2,646 2,321 1,068 3,017 2,785 1,160 2,692 2,321 1,114 3,249 2,878 1,300 3,667 3,249 1,485 3,017 2,692 1,207
5 2,135 1,857 | 0,835 2,553 2,228 0,975 2,785 2,553 1,114 2,553 2,182 1,068 3,017 2,599 1,160 3,435 3,017 1,392 2,831 2,506 1,160
(3 1,996 1,717 | 0,789 2,367 2,089 0,928 2,553 2,414 | 1,021 2,367 2,042 0,975 2,831 2,460 1114 3,249 2,878 1,300 2,692 2,367 1114
7 1,903 1,625 | 0,743 2,182 1,948 0,882 2,367 2,321 0,975 2,321 1,996 0,928 2,692 2,321 1,068 3,017 2,739 1,207 2,553 2,274 1,068
8 1,857 1,532 | 0,696 2,042 1857 0,835 2,228 2,182 0,928 2,228 1,949 0,882 2,553 2,228 1,021 2,831 2,553 1,160 2,414 2,182 1,021
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A-double span beam | 150 | 150 | 150 | 200 200 | 200 250 250 | 250
B- single span beam insulation
C-cantilever beam board 20 20 20 20 20 20 20 20 20
A B C A B C A B C
1 3,48 | 3,02 | 1,39 3,95 3,48 1,67 4,64 4,18 | 1,90
1,5 3,02 | 2,78 | 1,25 3,71 3,25 1,49 4,18 3,71 1,72
Distributed 2 2,78 | 2,55 | 1,11 3,39 3,02 1,35 3,71 3,25 1,53
2,5 2,60 | 232 | 1,07 3,16 2,78 1,25 3,53 3,16 | 1,39
load 3 2,51 | 2,23 | 1,02 3,02 2,55 1,21 3,34 3,02 1,35
KH/m2 3,5 2,32 | 2,09 | 0,97 2,78 2,41 1,11 3,25 2,88 | 1,21
4 2,32 | 1,95 | 0,93 2,65 2,32 1,07 3,02 2,78 | 1,16
5 2,14 | 1,86 | 0,84 2,55 2,23 0,97 2,78 2,55 1,11
6 2,00 | 1,72 | 0,79 2,37 2,09 0,93 2,55 2,41 1,02
7 1,90 | 1,62 | 0,74 2,18 1,95 0,88 2,37 2,32 | 0,97
8 1,86 | 1,53 | 0,70 2,04 1,86 0,84 2,23 2,18 | 0,93
A-double span beam | 150 150 150 | 200 200 200 250 250 250
B- single span beam insulation
C-cantilever beam board 33 33 33 33 33 33 33 33 33
A B C A B C A B C
o 1 4,08 3,62 1,72 4,78 | 4,18 | 2,00 5,34 4,73 | 2,27
Distributed 15 3,67 3,25 1,49 | 432 | 381 | 1,81 | 487 | 427 | 2,04
load 2 3,39 3,02 1,44 399 | 3,48 | 1,62 4,46 3,99 1,90
2,5 3,16 2,83 1,35 3,71 | 3,25 | 1,53 4,22 3,71 1,72
kH/m2 3 2,92 2,69 1,25 3,53 | 3,06 1,44 4,04 3,53 1,62
3,5 2,78 2,55 1,21 3,39 | 2,92 | 1,39 3,85 3,39 1,58
4 2,69 2,32 1,11 3,25 | 2,83 | 1,30 3,67 3,25 1,49
5 2,55 2,18 1,07 3,02 | 260 | 1,16 3,43 3,02 1,39
6 2,37 2,04 0,97 2,83 | 2,46 | 1,11 3,25 2,88 1,30
7 2,32 2,00 0,93 2,69 | 232 | 1,07 3,02 2,74 1,21
8 2,23 1,95 0,88 2,55 | 2,23 | 1,02 2,83 2,55 1,16
A-double span beam | 150 150 150 | 200 200 200 | 250 250 250
B- single span beam insulation
C-cantilever beam board 43 43 43 43 43 43 43 43 43
A B C A B C A B C
L 1 4,46 | 3,95 1,90 5,11 4,60 2,23 5,85 511 | 2,46
Distributed
1,5 4,04 | 3,57 1,72 4,64 4,18 2,00 5,29 4,69 | 2,27
load 2 3,71 | 3,30 1,58 4,36 3,85 1,86 4,87 436 | 2,09
H/m2 2,5 3,53 | 3,11 1,44 4,08 3,62 1,72 4,60 4,08 1,95
3 3,34 | 2,97 1,39 3,85 3,43 1,62 4,36 3,90 1,86
3,5 3,16 | 2,83 1,30 3,71 3,30 1,58 4,18 3,71 1,76
4 3,02 | 2,69 1,21 3,57 3,06 1,49 3,99 3,57 1,67
5 2,83 | 2,51 1,16 3,30 2,92 1,39 3,71 3,34 1,58
6 2,69 | 2,37 1,11 3,11 2,78 1,30 3,53 3,16 1,49
7 2,55 | 2,27 1,07 2,97 2,65 1,21 3,34 2,97 1,39
8 2,41 | 2,18 1,02 2,83 2,51 1,16 3,25 2,88 1,30
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T 171 TennoTexHU4YECcKMH PacHeT OrpakAaoLmnX KOHCTPYKL UK 30aHWNH
L f ‘ http://www.smartcalc.ru e-mail:info@smartcalc.ru
Tennosas 3awura 3awMTa OT NepeyBnaxHeH R KoHReHCTaT B BEHT. NpOCTPaHCcTEe
Rc RaRr R1p
TennorexHUW4YeCcKun pacyer
Pervox: Pecnybnuka Kapenus
HaceneHHblid NyHKT: Nerposasoack
MNomeweHune: Xunnoe nomeweHne
Bua KOHCTpYKUWK: YepaawHoe NepexkpLITUE MNn yTENNeHHan Kposns

Tennoeas 3awura

TemnepaTypa x0noAHOW NATUAHEBKKU ¢ obecneveHHocThio 0.92 -28 °C
MpoA0IKUTENBHOCTE OTONUTENLHOrO NepuoaAa 235 cytok
CpeaHsaa TeMneparypa BO3lyxa OTONUTENLHOrO Nepuoaa -3.2 °C
Ycnosua 3kcnayatauum noMeLwweHus b
KonuuecTso rpafyco-CyTok oTonutensHoro nepuoaa (rcon) 5452 °Cecyr
Tpebyemoe conpoTusneHue rennonepepave

CanuTtapHo-rurneHuyeckue tpebosanus [Rc] 1.84 (M?+°C)/BT
HopMupyemoe 3HaueHue noanemeHTHeix TpebosaHui [R3] 3.48 (M?*+°C)/BT
ba3sosoe 3HaueHue no3anemMeHTHoix Tpebosanuih [RT] 4.35 (M?"C)/BT

ConpoTtuenenue Tennonepeaaye: 3.91 (m?«°C)/BT
('C)
— Temneparypa
w Temneparypa "Tousm poces”
. 15 [ Soma xonaencaumm

(1) (20 mw] Cocra w ens

20 -
15
10 «

. 5 (5) (20 wu] Cocra menw

-5

-0

S
4 6 8 10 12 14 18 18 (cm)

C10M KOHCTPYKUMK (M3HY TN HaPYXy)

(3) 1150 mw] Nenononuctupon NCE-25 (NCE-C-25)

Ne Tun d(mm] Marepuan A R Tmax Tmin
ConpoTusnexHve TennoseCcnpuUaTUIO 0.11 200 191
1 [0 20 CocHawmens 0.18 0.11 191 183
3 [0 150 nNewononuctupon NCB-25 (NCB-C-25) 0043 349 183 -85
5 [0 20 CocHawnens 018 011 -85 -94
Conporusnenve TennoorTaave 008 94 -100
Trepmmet:«oe CONPOTUBNEHWE Or PAXAAOLEN KOHCTPYKUWN 3.71
ConpoTusnexsue Tennonepenave orpaxaanwen KoHeTpykuumn [R] 3.91
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- TennorexHu4ecknit pacyeT orpaKAalolmnX KOHCTPYKUMA 30aHNi
. http://www.smartcalc.ru e-mail:info@smartcalc.ru

LA

Tennosas 3awmTa 33WNTa OT NEPEYENaKHEHNA KOHAEHCTAT B 8EHT. NPOCTPaHCTES
Rc RaRr R

TennorexHuYeckuin pacuer

Pervon: Pecnybnuka Kapenus

HacenenHslin NyHKT: MeTpo3asoack

MNomeuwtenne: Xunoe nomewerHne

Bua KOHCTpyKUWK: Yepaaynoe nepexpuiTue uau yTenneHHan Kposns

Tennosas 3awuTa

TemnepaTypa xONoAHOR NATUAHEBKK C obecneyerHocTsio 0.92 -28 °C
MpogoNXUTeNsHOCTL OTONUTENBHOro Nepruoaa 235 cyTok
Cpegnsan TemMnepaTypa BO3Ayxa OTONUTENLHOro Nepuoaa -3.2 °C
YCnosus 3KCNNyaTayum NoOMeLweHna b
Konu4ecTso rpaayco-CyToK oTonuTensHoro nepuoaa (Frcon) 5452 °CecyT
Tpebyemoe conpoTUBNEHUE Tennonepenaye

CanuTapHo-rurnesnyeckue Tpedosanns [Rc] 1.84 (M?«"C)/BT
Hopmupyemoe 3Haverue noaneMenTHeix Tpebosanuin [Ra) 3.48 (m?+"C)/BT
Ba3oBoe 3HaueHue nosseMeHTHux Tpebosarui [RT] 4.35 (M?+"C)/BT

. ConpoTuenexue Tennonepegasye: 5.07 (m?«°C)/Bt
("C)

= Teuneparypa
— Teuneparyps “Touwsm poced
- 15 [ Jowa xongencaun

(1) 120 wu] Cocma w ens

15

i . (3) (200 ww] NewcnonucTwpon NCE-25 (NCE-C-25)
5~ - 5 (5) 20 wm) Cocwa wenn
0~ -0
5~ -5
10 « -0
(cm)
CNON KOHCTPYKUNKM (M3HYTPKU HapyXy)
Ne Tun d{mm] Marepuan A R Tmax Tmin
ConpoTusnenue TennoBocnNpPUATHIO 0.11 200 193
1 [0 20 Cocvaumens 0.18 0.11 193 187
3 [ 200 nNewononucTupon NCB-25 (NCE-C-25) 0043 465 187 .88
S [0 20 CocHawnens 0.18 011 88 95
ConpoTusnenne TennooTpave 008 95 -10.0
T’epnmecxoe CONPOTUBNCHNE OrPaX A3I0WeN KOHCTPYKLWA 4.87
ConpoTuenerue Tennonepenave orpaxaanuien koncTpykuuu [R] 5.07

1/3
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7 TennoTexHU4YeCcKui pacyeT orpaXkaalolmnX KOHCTPYKUMA 30aHNR
|1 http://www.smartcalc.ru e-mail:info@smartcalc.ru

Tennosas 3awmTa 331MTa OT NEPEeYBNAKHEHUA KOHAEHCTAT B B8HT. NPOCTPaHCTES
Rc RaRv Rp
TennorexHu4yeckKkumn pacuer
Perviom: Pecnybnuka Kapenus
HacenewnHsin NyHKT: NMeTpo3asoack
Momewexune: XKunoe nomewerune
Bug KOHCTpyKUMK: YepaayHoe NepekpuiTHe Uau yTEnIeHHan Kposns
Tennoean 3awura
TemnepaTypa XON0OAHON NATUAHEBKK C obecneyerHHocTw0 0.92 -28 °C
MpoAONKUTENEHOCTE OTONUTENLHOrO Nepuoaa 235 cyTok
CpegHnas TeMnepaTypa 8034yxa OTONUTENLHOMrO Nepuoga 3.2 °C
YCNoBMA IKCNNyaTaLuun NOMELWeHns 5
KonnyecTeo rpagyco-CyToK oTonuTensHoro nepuoga (FCon) 5452 °CecyT
Tpebyemoe conpoTUBiEHWe Tennonepesaye
CanuTapHo-rurnenunyeckue Tpebosanna [Rc] 1.84 (M?+°C)/BT
Hopmupyemoe 3Hayenune nodnemeHTHeix Tpebosamui [Ra] 3.48 (M?«°C)/BT
Bazoeoe 3HaveHune noanemeHTHeIX Tpebosanui [RT] 4.35 (M7+"C)/BT

ConpoTuenexuve Tennonepepasye: 6.23 (m?«°C)/BT

— Teuneparyps

— Temneparyps "Towm poces”

. 15 B 3owa rongencagmn

(1) 120 um) Cocwa w ens

(3) 1250 wu] Newcacnuctupan NCE-25 (NCE-C-25)
. 5 (6) [20 wu Cocwa menn

- 10

-5
-0
=
0 5 10 15 20 2% (cm)
BnyTpe www. smartcale
CNON KOHCTPYKUNK (M3HYTPU HapPYXy)
N Tun d{mm] Marepuan A R Tmax Tmin
ConpoTuanenue TennoBsocnpuaTHIO 0.11 200 194
1 [0 20 CocHaumens 0.18 0.11 194 189
3 [0 250 nNewononuctupon NCB-25 (NCB-C-25) 0043 581 189 .91
S [0 20 CocHaumens 018 011 9.1 .96
ConpoTuenenmne TennooTaave 008 96 -10.0
TepMUIECcKOe CONPOTHBNEHNE OrPAXAAIOWIER KOHCTPYKLWMN 6.04
ConpoTuenenne Tennonepenaye orpaxaanuien KoncTpykumn (R] 6.23

1/3
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7~ TennoTexHMYeCcKUi PacyeT OrpaXkAaloLmnx KOHCTPYKUMA 30aHNA
L http://www.smartcalc.ru e-mail:info@smartcalc.ru

Tennosas 3awmTa 3awmTa ot NepeyanaxHeHns KOHASHCTAT B BEHT. NpocTpaHcTae
Rc RaRv RTp1 RTp2 RTp
TennorexHuyeckun pacuer
Pervon: Pecnybnuxka Kapenusa
HaceneHHsii NyHKT: MeTpo3asoack
MNomewenwe: XKunoe nomeweHne
Bua KOHCTpyKUMu: YepaayHoe NepexkpuiTUe Man yTenneHHan Kposns

Tennosasa 3awiuTa

TemnepaTypa XONoAHOR NATWAHEBKYU C obecneyeHHocThio 0.92 -28 °C
MpoaoMKUTENeHOCTE OTONUTENBHOMO Neproaa 235 cyTok
Cpeaunas TeMnepaTypa BO3yxa OTONUTENLHOIrO Nepuoaa 3.2 °C
YCnoBua aKCNAyaTauvm NoMeweHns b
KonuuecTeo rpaayco-CyTok oTonuTensHoro nepuoaga (FrCon) 5452 °CecyT
Tpebyemoe conpoTUBNeHue Tennonepeaave

CaHuTapHo-rurnennyeckue tpebosamus [Rc] 1.84 (M?+"C)/BT
HopMmupyemoe 3HaveHne no3neMenTHoix Tpebosanuia [Ra) 3.48 (M?+"C)/BT
ba3oBoe 3HaueHue nolnemMeHTHoix Tpebosanuni [RT] 4.35 (M?+°C)/BT

. ConpoTtuenexue Tennonepegaye: 4.05 (m?«°C)/Bt
("C)

15 -
(1) 133 wu) Cocwa w ene
@ (150 mm] NemoncnucTupan NCE-25 (NCE-C-25)
5 (5) 33 wm] Cocna wens

Cnon KOHCTPYKUNK (U3HYTPW HapyXy)

Ne Tun d[mm] Marepwan A R Tmax Tmin
ConpoTusnedue TennosocnpuaTHO 0.11 200 19.1
1 [0 33 CocHaunens 018 018 191 178
3 [J 150 nNewononuctupon NCB-25 (NCBE-C-25) 0.043 349 178 80
5 0 33 CocHaunens 0.18 018 80 .94
ConpoTusnenue TennooTaave 008 94 -100
Tepmmecuoe CONPOTHUBNEHNE OrPaXAAIOLICH KOHCTPYKLIMK 3.86
ConpoTuanenune Tennonepeaave orpaxaaowen KoHcTpykumm [R] 4.05
1/3
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* TennorexHu4YecKMin pacyeT orpaXkKAalolmx KOHCTPYKUUA 30aHNK
J\ http://www.smartcalc.ru e-mail:info@smartcalc.ru

Tennoeas 3awmTa 33WMTa OT NEpPeyBNAMHEHNSA KOHAESHCTAT 8 88HT. NPOCTPaHCTES
Rc RaRr ~ Rwpt Rwp2 RTp
TennorexHuyeckun pacueTr
Pervom: Pecnybnuka Kapenus
HacenexHblin NyHKT: MNeTpo3zasoack
Momewenne: XKunoe nomewerne
Bua KOHCTpyKuum: YepaayHoe nepexpuiTHe Uy yTennenHan Kposnsa

Tennosas 3awiuTa

TemnepaTypa X0N04HON NATHAHEBKK C obecneveHHocTsio 0.92 -28 'C
MpoAOMKUTENBHOCTE OTONUTENLHOro Nepuoaa 235 cyTok
Cpeanas TemMnepaTypa BO3AYXa OTONUTENLHOro Nepuoaa =3:2:°C
Ycnosua akcnayatauuu NoOMeLeHuna b
Konu4ecTeo rpaayco-CyToK oTonuTensHoro nepuoaa (MCOM) 5452 °CecyT
Tpebyemoe conpoTvBneHHe Tennonepesase

CanuTapHo-rurnesnyeckue tpebosanus [Rc] 1.84 (M?°"C)/BT
Hopmupyemoe 3Hayenue noanemMeHTHuix Tpebosanuir [R3) 3.48 (M?+"C)/BT
Ba3oBoe 3HaueHne noanemenTHeX Tpebosanui [RT] 4.35 (M?+"C)/BT

ConpoTtusnenue Tennonepegasye: 5.22 (m?+°C)/Br

('C)

— Teuneparyps
0 - — Teuneparyps “Touwsn poced”
15 - B 3owa rongencaymn

(1) 133 wm] Cocwa w ens

b (3) 1200 ww] Newcacaucrupon NCE-25 (NCE-C-25)

(5) 133 wu) Cocwa w ene

Cnon KOHCTPYKUMIN (M3HY TP Hapyxy)

Ne Tun d[mm] Marepwan A R Tmax Tmin
ConpoTuanexne TennoBocnNpPUATHIO 0.11 200 193
1 [J 33 CocHauens 018 0.18 193 183
3 [J 200 nNewononuctupon NCB-25 (NCB-C-25) 0043 465 183 -85
5 [J 33 Cocvaunens 0.18 018 -85 .95
ConpoTusnenuve TennooTaave 008 95 -10.0
TepMuvecKkoe CoNPOTHBEHNE OrPAXKAAIOWIENH KOHCTPYKLMNA 5.02
ConpoTusnexne Tennonepenase orpaxaaowen koncTpyrkumnn [R) 5.22
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# TennoTexHUYEeCKUH PAaCcHeT OrpaXKAalowmnx KOHCTPYKUMA 30aHUA
[ http://www.smartcalc.ru e-mail:info@smartcalc.ru

Tennoeas 3awmTa 33WMTa OT NEPeYBNIMHEHNA KOHQEeHCTaT B 88HT. NPOCTPaxcTae
Rc RaRrv Rmp
TennorexHu4yeckKkun pacuer
Pervom: Pecnybnuxa Kapenus
HacenexHsin NyHKT: MeTpo3asoack
Momewenne: Xunoe nomeweHne
Bua KOHCTpyKUMM: YepaauHoe NepexpuiTUe Win yTenneHHan Kposns
Tennosas 3awmra
TemnepaTypa XON0AHOK NATUAHEBKKU C obecneyeHHocTsio 0.92 -28 °C
MpoAoMKUTENLHOCTE OTONUTENBHOrO Nepuoaa 235 cyTox
CpenHas TeMnepaTypa BO3A4yXa OTONUTENLHOro Nepuoaa -3.2 °C
YCnosua akCnnyaTayuu NoMeweHus b
Konu4ecTso rpagyco-CyToK oTonuTensHoro nepuoaa (FCon) 5452 °CecyT
Tpebyemoe conpoTUBNeHne Tennonepenaye
CanuTapHo-rurnexsmnyeckue tpebosanma [Rc] 1.84 (M?«°C)/BT
Hopmupyemoe 3Havenue no3nemMeHTHeix Tpebosanuia [Ra] 3.48 (m?+"C)/BT
Ba3oBoe 3HaveHune noaneMeHTHeix Tpebosanni [RT] 4.35 (M?«°C)/BT

ConpoTuenenue Tennonepegaye: 6.38 (m?«°C)/BT

(C)

0 -
16 ~

C0M KOHCTPYKUNK (M3HYTPWU HapyXxy)

Ne Tun d[mm] Marepwan A R Tmax Tmin
ConpoTusnedue TennoBOCNPURTHIO 0.11 200 195
1 [0 33 Cocvamnens 0.18 0.18 195 186
3 [J 250 nNewononucTupon NCBE-25 (NCBE-C-25) 0043 581 186 -8.7
5 [0 33 CocHaunens 018 0.18 .87 .96
ConpoTuenenue TennooTpave 008 96 -100
TepMUieckoe CoNPOTHBNEHME OrPAMABIOLIEN KOHCTPYKLWN 6.18
ConpoTuenenne Tennonepeaaye orpaxaanwen KkoucTpyxkumws [R] 6.38
173
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# TennoTexHU4YeCcKui pacyeT orpaXKaaouWmnX KOHCTPYKUNI 30aHUA
' http://www.smartcalc.ru e-mail:info@smartcalc.ru

Tennoeas 3awmTa MT& OT NepeyBNaXHEHNR KOHOASHCTAT B B8HT. npocTpaxcTae
Rc RaRr RTp1 Rp2 RTp

TennorexHu4YeckKun pacyer

Pervom: Pecnybnnka Kapenus

Hacenewmsli NyHKT: Merposasoack

Nomewenne: XKunoe nomewerne

Bua KOHCTpyKuum: YepaayHoe NepexpuiTHe Maun yTenneHHan Kposasa

Tennosas 3awiura

TemnepaTypa XONOQHOR NATUAHEBKK C obecneyerHoCcTsio 0.92 -28 °C
MNpoAcIXUTENsHOCTE OTONUTENLHOro Nepuoaa 235 cyTok
Cpeannan TeMnepaTypa B034yxa OTONUTENLHOro Nepuoaa -3.2 °C
YCNoBsuna IKCNNyaTayum NnoMewweHuns 5
Konu4ecTso rpaayco-CyToK oTonuTensHoro nepuoaa (FCon) 5452 °CecyT
Tpebyemoe conpoTUBNEHWE Tennonepenave

CanuTapHo-rurnenuyeckue Tpebosanus [Rc] 1.84 (m2+"C)/BT
HopMupyemoe 3Havuenue noaneMeHTHeuix Tpebosanuia [Ra] 3.48 (M?«°C)/BT
Ba3osoe 3HaveHne noanemenTHeix Tpebosanui [RT] 4.35 (M2"C)/BT

ConpoTuenexue Tennonepeaaye: 4.16 (m?«°C)/Bt

(1) 143 M) Cocka w ens

ot - (3) 1150 wu] NenoncnucTupan NCE-25 (NCE-C-25)
5. - 5 (5) 143 wm) Cocna wens
0 - 0
5 -5
-10 4 -0
0 ; 1'0 1.6 20 (cm)
Brytpm www. smartcalc. v Crapy»m
CNON KOHCTPYKUNK (M3HYTPU HapyXy)
Ne Tun d[mm] Marepwan A R Tmax Tmin
ConpoTuenenune TennosocnpusTHIO 0.11 200 19.2
1 [J 43 Cocvamens 018 024 192 175
3 [ 150 nNewononuctupon NCB-25 (NCE-C-25) 0043 349 175 7.7
5 [0 43 CocHvamem 0.18 024 7.7 94
ConpoTuenendue TennooTaave 008 94 -100
Tepumecxoe CONPOTUBNEHWNE OrPAXAAIOLIEH KOHCTPYKLIMK 3.97
ConpoTuanenne Tennonepeaave orpaxaaniien koucrTpyxkuum (R] 4.16

1/3
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* TennorexHUYECKHi PacueT orpaXkaaloWmnX KOHCTPYKUKA 3AaHUA
http://www.smartcalc.ru e-mail:info@smartcalc.ru

Tennosas 3awmTa 3aWnTa OT NepeyBNaMHEHNUS KOHASHCTAT 8 88HT. NPOCTPaHcTaS
Rc RaRT Rt Rmp2 RTp
TennorexHuYyeckun pacyer
Pervon: Pecnybnuxa Kapenuns
HacenemHsli NyHKT: MeTpo3asoAack
Momeuwienue: XKunoe nomewjerHne
Bua KOHCTpyKUMm: YepaayHoe NepexpuiTUe Wiau yTenneHHan Kposnsa

Tennosas 3awiuTa

TemnepaTypa XONOAHOR NATUAHEBKU C obecneveHHoCcTLI0 0.92 -28 'C
MpoRoMKUTENEHOCTE OTONUTENLHOro Nepuoaa 235 cyTok
Cpeanns TemMnepaTypa BO3AYXa OTONUTENLHOr0 Nepuoaa -3.2 °C
Ycnosua akcnnyatauumn NoOMeLweHus 5
Konn4ecTeo rpagyco-CyTok oTonutensHoro nepuoaa (FCOM) 5452 *CecyT
Tpebyemoe CONpPOTUBNEHKE TEnnonepeaaye

CaHuTapHo-rurueHnyeckue Tpebosanua [Rc] 1.84 (M?+"C)/BT
Hopmupyemoe 3Havenue nodneMenTHeix Tpebosanuii [Ra] 3.48 (m?+"°C)/BT
Ba3oBoe 3HaveHne noanemMenTHeix Tpebosanun [RT] 4.35 (M?«"C)/BT

< ConpoTtusnexue Tennonepeaase: 5.33 (m?+«°C)/Bt

(C) i

— Temneparypa “Towm pocsd”

Bl 3owa kongencayun

(7) 143 mm] Cocna w ene

(3) 1200 ww] Newononucrwpan NC6-25 (NCE-C-25)
(5) 143 mw] Cocrs w ens

0 -

15

0 5 10 15 20 2% (cm)

CNoun KOHCTPYKUMM (M3HYTPW HapYXy)

Ne Tun dimm] Marepuan A R Tmax Tmin
ConpoTuenesune TennoBoCnNpUAaTHIO 0.11 200 194
1 [ 43 Cocvamens 018 024 194 18.0
3 [J 200 newononucTupon NCB-25 (NCB-C-25) 0043 465 180 .82
S [0 43 CocHauens 018 024 -82 -95
ConpoTuanenue TennooTaave 008 95 -10.0
T’epnmecxoe CONPOTUBNEHWE OrPAXAAIOWIEH KOHCTPYKLIMN 5.13
ConpoTusnenne Tennonepeanaye orpaxaaowen KoHcTpykuun [R] 533
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* TennoTexHMYECKui PacyeT OrpakAaloWmnxX KOHCTPYKUMIA 30aHURA
;l !; http://www.smartcalc.ru e-mail:info@smartcalc.ru

Tennosas 3awmTa 3aLMTa OT NEePeYBENANHEHNA KOHAEHCTAT B BEHT. NPOCTpaHcTae
Rc RaRr ~ Rrp1 R1p2 RTp
TennorexHu4yeckun pacuer
Peruon: Pecnybnuxka Kapenus
HaceneHHbif NyHKT: MeTpo3asoack
Momeuwenne: XKunoe nomeiyerHne
Bua KOHCTpyKUMA! YeppayHoe NepekpuiTHe Wan yTenneHHas Kposnsa

Tennoeas 3awuTa

TemnepaTypa X0N0AHON NATUAHEBKK C obecneyeHHocTsio 0.92 -28 °C
MpogoNKUTENEHOCTE OTONUTENLHOro Nepuoaa 235 cyTox
Cpeaxns TeMnepaTypa BO3AyXa OTONUTENLHOrO Nepuoaa 3.2 °C
YCnoBna akCnayaTayuu noMeLiesuns b
Konu4ecTso rpafyco-CyToK oTonuTensHoro nepuoaa (FCon) 5452 °CecyT
Tpebyemoe conpoTusnexnue Tennonepegave

CanuTapHo-ruruexnmyeckue tpebosanua [Rc] 1.84 (M3+"C)/BT
HopMupyemoe 3Hauenue no3anemeHTHuix Tpebosanuin [Ra] 3.48 (M*+"C)/BT
Ba3oroe 3HaueHne noanemMeHTHeIX Tpebosanui [RT) 4.35 (M?+"C)/BT

ConpoTuenexune Tennonepegaye: 6.49 (m?+°C)/Bt

— Temneparypa
— Teuneparyps “Towsn pocsd™
- 15 Bl 3owa xorgencayun
(1) 143 uu) Cocwa w ens
-9 (3) 1250 mw] NewcaanmueTupan NCE-25 (CE-C-25)
- 5 (5) 143 mum) Cocra w enw

- 5
“10
(cm)
CNon KOHCTPYKUNK (M3HYTPWU HapyXy)
Ne Tun d[mm] Marepuan A R Tmax Tmin
ConpoTusnenue TennoBoCnpuRTHIO 0.11 200 195
1 [0 43 CocHvaumens 018 024 195 184
3 [ 250 newononuctupon NCBE-25 (NCB-C-25) 0043 581 184 -85
5 [0 43 Cocvaunens 018 024 -85 96
ConpoTusnendue Tennoorpave 008 96 -10.0
Tmemecxoe CONPOTUBNEHNE OFPAXABIOWEH KOHCTPYKLIMK 6.29
ConpoTusnenune Tennonepenaye orpaxaanwen koHcTpyrkumn [R] 6.49
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Vei,mfc m/c for the summer months, the average wind speed at the
H -M entrance to the canal
A M 0,0003 |m [a | 0,04875]
A2 MM 0,001 (m
[n | 0,053419]
Lbeam ventilated channel length
bbeam m |G | 0,067913|coefficient
Fbeam 1,015 |m2
4 5 6 7 8 9 10
HHawmeHoBaHWe April May June July August | September | October
4, °C from SP
Py %
|| e, Na 480 680 1040 1340 1280 960 670 from Sp
By, rim® 2,0 2,8 4,2 54 5,2 4,0 2,8
Jpan, Br/m? from SP
1S, C
E.Na 956 1599 2252 2612 2156 1459 909
By, rim® 4,0 6,5 9,0 10,3 8,6 6,0 3,8
739493,5| 1391941 | 1797554 | 1866946 | 1295294 | 752454,393 | 369650,9
tcH 5,7 13,6 19,3 219 18,5 12,0 46
Tay,c 2678400 | 2678400 | 2678400 | 2678400 | 2678400 | 2678400 | 2678400
f,m2 0,0002 0,0002 0,0002 0,0002 0,0002 0,0002 0,0002
V'ei,m/c 2,08 2,08 2,08 2,08 2,08 2,08 2,08
vi,m/c 0,1 0,1 0,1 0,1 0,1 0,1 0,1
q,r/m2 291 549 708 736 510 297 146
2511 |g/m2
2,51 kg/m2
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N2

-ubakus s e

Petrozavodsk, U=0,23 W/(m?K)

Moisture proofing

For the calculation of the amount of condensation water, the component was exposed to the following constant climate for
90 days: inside: 20°C und 55% Humidity; outside: -10.3°C und 86% Humidity (Climate according to user input).

Under these conditions, a total of 2,2 kg of condensation water per square meter is accumulated.In the summer, this amount
would dry within 78 days (Drying season according to DIN 4108-3:2018-10), individual layers, however, suffer from too much
moisture.

Matenal sd-value Condensate Weight

[m] [kg/m?] [Gew.-%] [kg/m?]

1 2cm Pine 012 - - 104
2 20 cm Insulation/Polystyrene (EPS 040) 0,60 22 6,0
3 2cm Pine 2,00 17 17() 104
24 cm Whole component 272 22(Y) 268

Condensation areas
@ Condensate: 2.2 kg/m? Affected layers: Insulation/Polystyrene (EPS 040), Pine

Note: A condensation amount of more than 3% can permanently damage your component. In order to prevent damp damage
despite large amounts of condensation water, it must be ensured that the condensation water can be distributed in the
component by capillary conducting building materials and can dry quickly on the surface.

Humidity

The temperature of the inside surface is 18,3 °C leading to a relative humidity on the surface of 61%.Mould formation is not
expected under these conditions.
The following figure shows the relative humidity inside the component.

— Relative humidity (%)
— saturation point
g | [ Condensate
& A @ Pine (20 mm)
z (@ Insulation/Polystyrene (200 mm)
B 60 , _ @ Pine (20 mm)
2 40
i 30

0 50 100 1 #0 200 fﬂs\t‘z‘il
Inside www.ubakus.de Outside

Notes: Calculation using the Ubakus 2D-FE method. Convection and the capillarity of the building materials
were not considered. The drying time may take longer under unfavorable conditions (shading, damp / cool
summers) than calculated here.
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‘:Lébakus Al statements without guarantee

Petrozavodsk, U=0,22 W/(m?K)

Moisture proofing

For the calculation of the amount of condensation water, the component was exposed to the following constant climate for
90 days: inside: 20°C und 55% Humidity; outside: -10.3°C und 86% Humidity (Climate according to user input).

Under these conditions, a total of 1,9 kg of condensation water per square meter is accumulated.in the summer, this amount
would dry within 86 days (Drying season according to DIN 4108-3:2018-10), individual layers, however, suffer from too much
moisture.

Matenal sd-value Condensate Weight

{m] [ka/m?]  [Gew.-%]  [kg/m7]

1 33cm Pine 0,20 > S 17,2
2 20 cm Insulation/Polystyrene (EPS 040) 0,60 19 6,0
3 33cm Pine 3,30 1.7 10(Y) 17,2
26,6 cm Whole component 410 19(Y) 40,3

Condensation areas
@ Condensate: 19 kg/m? Affected layers: Insulation/Polystyrene (EPS 040), Pine

Note: A condensation amount of more than 3% can permanently damage your component. In order to prevent damp damage
despite large amounts of condensation water, it must be ensured that the condensation water can be distributed in the
component by capillary conducting building materials and can dry quickly on the surface.

Humidity

The temperature of the inside surface is 18,4 °C leading to a relative humidity on the surface of 61%.Mould formation is not
expected under these conditions.
The following figure shows the relative humidity inside the component.

— Relative humidity (%)

— saturation point

[ Condensate
Pine (33 mm)
Insulation/Polystyrene (200 mm)
Pine (33 mm)

0 50 100 150 | 200 250 )
Inside www.ubakus.de Outside
Notes: Calculation using the Ubakus 2D-FE method. Convection and the capillarity of the building materials

were not considered. The drying time may take longer under unfavorable conditions (shading, damp / cool
summers) than calculated here.
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’ubakus All statements without guarantee
Petrozavodsk, U=0,22 W/(m?K)

Moisture proofing

For the calculation of the amount of condensation water, the component was exposed to the following constant climate for
90 days: inside: 20°C und 55% Humidity; outside: -10.3°C und 86% Humidity (Climate according to user input).

Under these conditions, a total of 1,8 kg of condensation water per square meter is accumulated.In the summer, this amount
would dry within 90 days (Drying season according to DIN 4108-3:2018-10), individual layers, however, suffer from too much
moisture.

Material Condensate Weight

[kg/m?] [Gew -%]
1 43cm Pine 0,26 - - 224
2 20 cm Insulation/Polystyrene (EPS 040) 0,60 18 6,0
3 43cm Pine 4,30 1,7 770 224
28,6 cm Whole component 516 18() 50,7

Condensation areas
@ Condensate: 1,8 kg/m? Affected layers: Insulation/Polystyrene (EPS 040), Pine

Note: A condensation amount of more than 3% can permanently damage your component. In order to prevent damp damage
despite large amounts of condensation water, it must be ensured that the condensation water can be distributed in the
component by capillary conducting building materials and can dry quickly on the surface.

Humidity

The temperature of the inside surface is 18,4 °C leading to a relative humidity on the surface of 61%.Mould formation is not
expected under these conditions.
The following figure shows the relative humidity inside the component.

100 — Relative humidity (%)
90 — saturation point
~ 80 | ' Condensate
=10 | @ Pine (43 mm)

(@ Insulation/Polystyrene (200 mm)
1 @ Pine (43 mm)

0 50 100 150 200 250 300
[mm]

Inside www.ubakus de Outside

Notes: Calculation using the Ubakus 2D-FE method. Convection and the capillarity of the building materials
were not considered. The drying time may take longer under unfavorable conditions (shading, damp / cool
summers) than calculated here.
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