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Abstract 
Aleksandr Gotcadze 
Strength and building physics analysis of the composite timber beam 
74 pages, 6 appendices  
Saimaa University of Applied Sciences  
Technology, Lappeenranta 
Double Degree Programme in 
Civil and Construction Engineering 
Thesis 2019  
Instructors: Lecturer Timo Lehtoviita, Saimaa University of Applied Sciences;  
Evgeniy Islamov, director of the company Promstroyles. 
 

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 сalculate 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/
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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. 

- A timber 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/
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- 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) 

 

 

 

 



7 
 

 

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. 
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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. 

 

 

Figure 5. Use of beams in the roof structure with a semicircular roof (19) 
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Figure 6 shows how the beam can be used in the roof structure with a flat roof. 

 

 

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 
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Figure 8. Variants of using a beam in a building (1) 

 

 

 

 

https://www.simonin.com/wp-content/uploads/2017/05/Cahier-SAPISOL-02-2016-QUE-ANG.pdf
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Also, different wood species and different finishes can be used for the beam (Figure 9). 

 

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 / m2 x s (3). 
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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 SI 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). 
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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 = −𝜆 ∗ 𝑔𝑟𝑎𝑑𝑇           (1) 

where q 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 λ > 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: 

http://www.fao.org/3/y5013e/y5013e08.htm
https://en.wikipedia.org/wiki/Gradient
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qx = −λ
ⅆT

ⅆx
= −λ

Δt

δ
          (2) 

qx - the heat flux (amount of heat flowing per second and per unit area), 

𝜆 - the thermal conductivity, 

Δt - the temperature difference, 

δ – the layer thickness, 

dT/dx is the temperature gradient. 

 

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). 

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

α
          (3) 

Ri =
δi

λi
          (4) 

R = ∑
δi

λi

n

i=1

          (5) 

α - 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). 

bi =
Ei

E1
               (6) 

z0 =
∑ Fi

′n

i=1
⋅ zi

∑ Fi
′n

i=1

               (7) 

𝐼′ = ∑ [
𝑏𝑖𝛿𝑖

3

12
+ 𝐹𝑖

′(𝑧𝑖 − 𝑧0)2]

𝑛

𝑗=1

                 (8) 

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

 

𝜎𝑖 =
𝑀𝐸(𝑧𝑖

′ − 𝑧0)

𝐼′𝐸1
            (9) 

𝜏𝑖 =
𝑄𝑆𝑖

′

𝑏𝑖
′𝑙′

≤ 𝑅𝑐        (10) 

 

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

σi- 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, 

𝜏𝑖- 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. 

Rсдв.с- shear strength. 

In case of this composite beam bending stress and shear stress have the following 

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

 

Strength characteristics for timber: 

1) σ < Rи, Rи is the design bending strengths (fm,y,d), 

3)  𝜏 < Rск, Rск – is the design shear strength for the actual condition (f,v,d), 

6) σ < Rи, Rи is the design bending strengths. (fm,y,d), 

For insulation material: 

2) σ < Rc, Rc – is the design compressive, 

4) 𝜏 <Rск, Rск – is the design shear strength for the actual condition, 

5) σ < Rр, Rр– 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. 
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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 s 190 s 240 s 290 s 216 s 256 s 316 s 236 s 286 S 336 

layers
, mm 

pine 20 20 20 33 33 33 43 43 43 

polystyren
e 

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/𝑚2 0.23  0.25  0.26  0.36  0.37  0.38 0.46   0.47  0.48 

Total heat 
Resistance, R 

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

http://www.smartcalc.ru/
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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) - λ=0,09, from SP.50.13330.12, δ1= 20 mm, δ2= 33 mm, δ3= 43 mm. 

Insulation (polystyrene PPS-25)- λ=0,043, δ1= 150 mm, δ2= 200 mm, δ3= 250 mm. 

 

5.2 Calculation of the material strength 

 

Ultimate limit state calculation. 

Strength characteristics for timber are as follows: 

𝜏 <Rск, Rск – is the design shear strength for the actual condition (f,v,d) 

σ < Rcм, Rс – is the design compressive strength perpendicular to the grain (fc,90,d) 

σ < Rи, Rи 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 = 𝑅𝐴 ⋅ 𝑚дл ⋅ ∏𝑚𝑖        (11) 

𝑅𝑝 is design value of pine strength, 

𝑅𝐴  is design value of pine strength for wood grade 2, 

mдл is coefficient of long durability,  

mдл =0,8 (Tab. 3 from Table 9 (11)), 

∏𝑚𝑖 is composition of the coefficient of working conditions, 

Rи=22,5 Мпа (Tab. 3 2.в from Table 9 (11)), 

mв = 1 – coefficient of operating conditions of structures (Figure 15 from Table 9 (11)); 
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Figure 15. Сoefficient of operating conditions of structures (11) 

 

mТ = 1 – coefficient of temperature conditions (11), 

mб = 1– for section height less than 50 cm (11), 

mсл – coefficient taking into account the thickness of the layer (Figure 16 from table 11 

(11)),

 

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

 

mс.с. = 1 – coefficient of service life, we take the value for the term service 50 years 

(Figure 17), (11). 

 

Figure 17. Сoefficient of service life, we take the value for the term (11) 
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For timber values of design strength are as follows: 

Rи=mдл*mв*mт*mб*mсл*mс.с.*Rсж=0,8* 0,9*1*1*mсл*1*22,5 MPа 

For board layer thickness 20 mm мсл=1,1 

Rи= 0,8*0,9*1*1*1,1*1*22,5=17,82 MPа 

For board layer thickness 33 mm мсл=1,0 

Rи= 0,8*0,9*1*1*1,0*1*22,5=16,2 MPа 

For board layer thickness 43 mm мсл=0,95 

Rи =0,8*0,9*1*1*0,95*1*22,5=15,39 MPа 

The design shear strength for along the grain for glued elements  

Tab. 3.5 б) Rск=2,25 MPа. 

The design compressive strength perpendicular to the grain for glued elements 

Tab. 3.5 б) Rсм=4,5 МPa. 

 

For insulation material values of design strength are as follows: 

τ <Rск, Rск – is the design shear strength for the actual condition. 

σ < Rc, Rс – is the design compressive  

σ < Rр, Rр – is the design tensile strength  

σ < Rcм, Rс – is the design compressive strength perpendicular to the grain (fc,90,d). 

 

According to (16) for polystyrene PPS-25 Rc=0,16 МPа 

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

given, they were experimentally determined. 
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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:

 

Figure 18. Single-span beam with distributed load 

Figure 19 shows distribution of bending moments and shear forces. 

 

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:

 

Figure 20. Two-span beam with distributed load over the entire span 
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Figure 21. Two-span beam static scheme 

 

N=3Д-2Ш-Соп=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:

 

Figure 22. The basic system of the method of forces 

 

Distribution of bending moment М01 is shown in Figure 23. 

 

 

Figure 23. Distribution of bending moment М01 

 

δ11X + Δ1F1 = 0      (12) 
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M1

0 ⋅ M1
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Distribution of bending moment M0F is shown in Figure 24. 

 

Figure 24. Distribution of bending moment M0F 
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MF = M1
0X1 + MF

0 

Distribution of bending moment Mф is shown in Figure 25 below: 

 

 

Figure 25. Distribution of bending moment Mф 
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2

2
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9

64
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2

2
=

9

128
ql1

2 

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. 

 

Figure 27. Two-span beam with distributed load on one span. 

 

N=3Д-2Ш-Соп=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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Figure 28. Distribution of bending moment M0F 

 

∑MA = 0 

Rc ⋅ 2l1 =
ql1

2

2
 

Rc =
1

4
ql1 

∑Y = 0 

RA + Rс = ql1 

RA =
3

4
ql1 

δ11X + Δ1F2 = 0 

δ11 = ∑ ∫
M1

0 ⋅ M1
0

EI
⋅ ⅆx

l

0

m

m=0

=
1

EI
⋅ (

l1
6

⋅ 2 ⋅ (
1

2
l1)

2

) ⋅ 2 =
1

EI

l1
3

6
 

 

Δ1F = ∑ ∫
M1

0 ⋅ MF2
0

EI
⋅ ⅆx

l

0

m

m=0

 



29 
 

Δ1F = −
1

EI
⋅

l1
6

∗ 2 ⋅
ql1

2

4
∗

1

2
l1 −

1

EI
⋅

l1
6

(
ql1

2

4
⋅

1

2
l1 + 4 ⋅

1

2
⋅

1

2
l1 (

1

2

ql1
2

4
+

ql1
2

8
)) =

= −
ql1

4

24EI
−

3ql1
4

48EI
= −

5ql1
4

48EI
 

l1
3

6EI
∗ X1 −

5ql1
4

48EI
= 0 

l1
3

6
∗ X1 =

5ql1
4

48
 

X1 =
5ql1

8
= RB 

MF = M1
0X1 + MF

0 

Figure 29 shows distribution of bending moment Mф. 

 

Figure 29. Distribution of bending moment Mф 
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Figure 30 shows distribution of bending moments and shear forces. 

 

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) 

M =
ql2

2
          (15) 

Q = ql              (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: 

𝑓 =
𝑓0

𝑘
[1 + 𝐶 (

ℎ

𝑙
)

2

]          (17) 

The maximum deflection of the articulated and cantilever bending elements of 

constant and variable sections should be determined by the formula 17. 

𝑓0 - found by integrating the differential equation. 

- 𝑓0 - 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; 



32 
 

-  - coefficient taking into account the effect of shear deformations on shear 

force; 

-  - maximum section height; 

-  - beam span. 

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

beams. 

 

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 f0 is determined by integrating the approximate differential 

equation (formulas (18-23)). 

EIw′′(x) = −M(x)          (18) 

EIw′(x) = −∫ M(x) ⅆx + C1        (19) 

EIw (x) = −∬ M(x) ⅆx ⅆx + C1x + D1         (20) 

For the console section, the maximum deflection will be at the edge of the console 

(Figure 33). 

 

Figure 33. Console static scheme 
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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. 

 

Figure 34. Static scheme 
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Then the equation of deflection for a beam with a distributed load span l 
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6
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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. 

 

 

Figure 35. Static scheme of single-span beam 
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For a single-span beam, the maximum deflection will be in the middle of the span 

EIwmax(x) = EIw (l/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. 

 

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

spans of the beam 
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Extremum of the deflection function is as follow: 

EIw′(x) = −
3qlx3

16
+

qx3

6
+

ql3

48
= 0 

x3 − 1.125lx2 + 0.125l3 = 0 

x ≈ 0.4215l 

EIwmax(x) ≈ EIw (0.4215l) 

 

 

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. 

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  
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EIwmax(x) ≈ EIw (0.4724l) 

 

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. 

 

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

beam span for second span. 
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EIwmax(x) ≈ EIw (0.577l) 

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 l / 120-l / 250. 

Ultimate deflection l/350 was taken to design. 

 

5.4 Calculation of the bending stiffness EI 
 

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

𝐸Ⅱ = 𝐸ср ⋅ 𝑚дл,𝐸 ⋅ ∏𝑚𝑖    (24)      

𝐸Ⅱ- design modulus of elasticity for wood materials 

𝐸ср - Average modulus of elasticity in bending, 

Пm- composition of correction factors, 

Е0ср=10000 MPa 

According to table 4 for mode D   mдл,Е = 1  

Пm= mв*mт*mб*mсл*mс.с. 

For board layer thickness 25 mm: Пm= mв*mт*mб*mсл*mс.с=0,9*1*1*1,1*1=0,99 

E" = 10000 ∗ 0,99МPа = 9900МPа 

For board layer thickness 33 mm: Пm= mв*mт*mб*mсл*mс.с=0,9*1*1*1 *1=0,9 

E" = 10000 ∗ 0,9МPа = 9000МPа 

For board layer thickness 43 mm: Пm= mв*mт*mб*mсл*mс.с=0,9*1*1*0,95*1=0,855 

E" = 10000 ∗ 0,855МPа = 8550МPа 

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 σ(h), τ(h). 

 

Figure 39. The first part of excel 

 

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). 
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 Input parameters: l, q, EI. 

 Output parameters: M, Q, f. 

 

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

 

Figure 42. M, Q and f determined for different design patterns, loads, and spans  

 

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

Thus, if you connect two parts: 

 Input parameters: l, q, EI, E1, E2, h1, h2, h3, b. 

 Output parameters: chart σ(h), τ(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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Figure 44. Сonnection 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). 

 

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). 



42 
 

 

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).

 

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). 

 

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 II-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 /m2, removed from the insulation through ventilated 

channels per a period with monthly average temperatures above 0 ° C, is calculated as 

per the formula (25).  

𝑞 =
𝑓𝑁 ∑ [(𝐵2𝑖 − 𝐵1𝑖)𝜏𝑖 ⋅ 𝑣𝑖]𝑛

𝑖=1

𝐹
          (25) 

f- the cross-sectional area of the channel, m2; 

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 t i> 0 ° С; 

𝜏𝑖 - 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, m2. 

 

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

calculated as per the formula (26);  

 

𝐵2𝑖 =
1,168𝐸𝑘

𝑡𝑘
𝐶 + 273

            (26) 

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); 

𝐵1𝑖 =
1,168𝑒н

𝑡н + 273
            (27) 
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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). 

𝑡н
𝑐 = 𝑡н +

𝜌𝐽𝑝ад𝜓

𝛼н
     (28) 

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

𝑡𝑘
𝑐 =

𝑘в𝑡в + 𝑘н𝑡н
с

𝑘в + 𝑘н
        (29) 

Ek - the partial pressure of saturated water vapor at the air outlet from the channels, Pa, 

determined by tк с (13, tables C.1 and C.2); 

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

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

kв, kн– heat transfer coefficients of the coating parts below the center of the channel 

section and above it, W / (m2· ° С);  

tсн - 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 tн is the average monthly outdoor temperature, ° C (12, 

table 5.1); 

ρ - the heat absorption coefficient;  

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

Ψ – coefficient of transparency of the atmosphere (for urban development take Ψ = 

0.7);  

αн - heat transfer coefficient (take αn = 23 W / (m2· ° C)). (A.5) where eн 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). 

𝑣𝑗 = 𝑣𝑒𝑖
⋅ √

𝑘2 − 𝑘1

Л
𝐿
𝑑

+ 𝛴휀 + 1
        (30) 

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; 

𝑉𝑒𝑖
′̅̅ ̅ = 𝑉𝑒𝑖

̅̅ ̅̅ ∗ (
𝐻

10
)

0.2

        (31) 

 

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

L - the length of the ventilated channel, m; 

 

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

 

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

Л = 0,11𝛥0.25 +
1

𝛥 ⋅ 104 + 90
        (32) 

 

Δ - the reduced roughness of the channel walls, is calculated as per the formula (33); 
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𝛥 =
𝛥1 + 𝛥2

2𝑑
       (33) 

 

Δ1 and Δ2 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) 

𝑑 =
2𝑎𝑏

𝑎 + 𝑏
      (34) 

 

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 / m2 of condensate is formed during January, 2,3 

kg / m2  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 / m2  of moisture is formed during winter period. 2.27 kg /m2 of 

condensate is removed by 4 channels with dimensions 10 * 10 mm in a board for 1 

summer period. 

http://www.ubakus.de/
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2) 33/200/33: 1.9 kg / m2 of moisture is formed during winter period. 2.12 kg / m2 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 /m2 of moisture is formed during winter period. 1.96 kg / m2  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 /m2 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 cm2 / 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 Rc=0,16 MPа 

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). 

 

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 

 

 

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

 Tensile 

strength 

[MPa] 

Modulus of 

elasticity E 

(Automatically) 

[MPa] 

Maximu

m laod 

 [kN] 

note thickn

ess 

[mm] 

Width 

[mm] 

lengt

h 

[mm] 

Poisso

n's 

ratio  

1 0,19426 11,93910 0,06 1 15,00 20,00 25,00 1,00 

2 0,20723 14,06654 0,06 2 15,00 20,00 25,00 1,00 

3 0,21505 15,70567 0,06 3 15,00 20,00 25,00 1,00 

4 0,20058 14,00627 0,06 4 15,00 20,00 25,00 1,00 

5 0,18654 13,75799 0,06 5 15,00 20,00 25,00 1,00 

6 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 

 



54 
 

 

Figure 55. Determination of modulus of elasticity 
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Graph 2. Determination of modulus of elasticity 

Table 3. Determination of modulus of elasticity 

 Maximum 

laod 

[N] 

Modulus of 

elasticity E 

[MPa] 

Compression 

strength under 

maximum load 

[MPa] 

Compression 

strength, 

elongation 5% 

[MPa] 

Poisson's 

ratio 

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 

 

Rск 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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Graph 3. Determination of shear strength. 

Table 4. Determination of shear strength. 

 Maximum 

load P 

[kN] 

Displac

emant 

[mm] 

Shear 

strength 

Rск 

[MPa] 

Elongation 

[mm] 

Thickness 

[mm] 

Width 

[mm] 

1 2,43 2,61 3,24 10,06 15,0 50,0 

2 2,61 3,50 3,49 13,10 15,0 50,0 

3 2,88 4,14 3,84 11,92 15,0 50,0 

4 2,83 4,18 3,77 7,88 15,0 50,0 

5 2,37 3,12 3,16 7,13 15,0 50,0 

mean 2,62 3,51 3,50 10,02 15,0 50,0 

 

 Length 

[mm] 

note Load 

[kN] 

1 180,0 1 0,98 

2 180,0 2 1,36 

3 180,0 3 1,72 

4 180,0 4 0,91 

5 180,0 5 1,30 

mean 180,0  1,25 
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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. 

 

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. 

 

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 

 

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. 

 

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.  

 

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 l=1,3м since when the deformation scheme on the 

supports span is 1,5м-2*0,1м. Table 5 shows the experimental determination of bending 

stiffness. 
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Table 5. Experimental determination of bending stiffness 

l,м P kH 
indicator, 

мм 
f, мм f, м EI exp 0,7EI k2 

1,3 0 83,02 0 0       

1,3 4,5 87,3 4,28 0,00428 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 EI cross section by 10 times. K2- shows how 

much experimental stiffness EI 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. 

 

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 𝑅𝑐м  is calculated (Table 6).  

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

for the beam. 

P, load 9 кH 

b 0,17 м 

lsupp 0,1 м 

Area 0,017 м2 

𝑅𝑐м 

264,7059 кH/м2 

0,264706 МPа 

 

P – load on the beam, 

b – the beam width, 

lsupp – the length of the beam on the support, 

Area – the Area of of the beam on the support, 

𝑅𝑐м  - 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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APPENDIX 2 

A- double span beam 
B- single span beam insulation 

150 150 150 200 200 200 250 250 250 

C-cantilever beam board 20 20 20 20 20 20 20 20 20 

 

 

Distributed 

load 

kH/m2 

 

  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 

2 2,78 2,55 1,11 3,39 3,02 1,35 3,71 3,25 1,53 

2,5 2,60 2,32 1,07 3,16 2,78 1,25 3,53 3,16 1,39 

3 2,51 2,23 1,02 3,02 2,55 1,21 3,34 3,02 1,35 

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 
B- single span beam insulation 

150 150 150 200 200 200 250 250 250 

C-cantilever beam board 33 33 33 33 33 33 33 33 33 

 

Distributed 

load 

kH/m2 

 

 A B C A B C A B C 

1 4,08 3,62 1,72 4,78 4,18 2,00 5,34 4,73 2,27 

1,5 3,67 3,25 1,49 4,32 3,81 1,81 4,87 4,27 2,04 

2 3,39 3,02 1,44 3,99 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 

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 2,88 1,30 3,67 3,25 1,49 

5 2,55 2,18 1,07 3,02 2,60 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 2,32 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 
B- single span beam insulation 

150 150 150 200 200 200 250 250 250 

C-cantilever beam board 43 43 43 43 43 43 43 43 43 

 

Distributed 

load 

kH/m2 

 

 A B C A B C A B C 

1 4,46 3,95 1,90 5,11 4,60 2,23 5,85 5,11 2,46 

1,5 4,04 3,57 1,72 4,64 4,18 2,00 5,29 4,69 2,27 

2 3,71 3,30 1,58 4,36 3,85 1,86 4,87 4,36 2,09 

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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