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Analysis of properties of boards for concrete formwork
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ABSTRACT: The paper summarizes results of the analysis of properties of large-area materials usable for the manufacture of
concrete formwork and available on our market. The materials were compared from the viewpoint of physical and mechanical pro-
perties including economic evaluations. Materials were assessed manufactured by DOKA company dealing with the production of
shuttering systems, viz. Doka 3-SO, Dokadur and Dokaplex. The materials were compared with following boards available on
our market: bioboard Agrop, water-resistant (exterior) surface-treated plywood and oriented strandboard (OSB). Results of the
paper consist in the comparison of cost/physical-mechanical properties.
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Concrete formwork is a temporary construction serv-
ing as a form for a future concrete construction. It usually
consists of a supporting construction and a construction
making the form of an element. Building industry is the
largest consumer of wood and wood-based products. Com-
panies manufacturing construction plywoods and large-area
materials permanently try to develop new suitable mate-
rials for the production of concrete formwork according
to requirements of project engineers. At present, plywood
sheets, three-layer massive boards, blockboards and bat-
tenboards are most often used. Specific requirements are
put on physical and mechanical properties of the materials.
Production technologies of the boards are very demanding
and expensive which results in the second requirement, viz.
guaranteeing the multiple use. Thus, materials used for the
manufacture of formwork should guarantee multifold use.
The manufacture of concrete structures is a so-called wet
process when the formwork is subject to the aggressive
environment of cement from concrete mixtures and also
to weather effects. In order their degradation not to occur
certain principles have to be observed. Unfortunately, these
principles are very often neglected during building.

Large-area materials for formwork are coated with a foil
or a paint protecting them from moisture. Also edges of
the shuttering used to be coated with a paint functioning
in the same way. If it is necessary to shorten the materials
during the formwork assembly, the unprotected formwork
edge has to be coated with a paint preventing moisture
penetration. Prior to the concreting proper it is necessary
to coat the formwork surface with a protective means
protecting the boards from moisture and supporting the
removal of shuttering. If the paint fails there is a danger
of flaking the protective coat and thus its debasement
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(DVORAK et al. 1996) when the board is torn off from
the concrete structure.

MATERIAL AND METHODS

The aim of the paper was to analyse large-area materials
ordinarily available on the market for the production of
concrete formwork. The materials were compared from
the viewpoint of physical and mechanical properties in-
cluding economic evaluation.

Materials manufactured by DOKA company dealing
with the production of shuttering systems were evalu-
ated, viz.:

— Doka 3-SO - three-layer panel according to ONORM
B 3023 standard

— Dokadur — three-layer panel according to ONORM B
3023 standard

— Dokaplex — combined plywood sheets Dokaplex and
PlomaFoil.

The materials were compared with the following ma-

terials available on our market:

— Biopanel Agrop

— Surface-treated exterior plywood sheet
— Oriented strandboard (OSB) Eurostrand.

On the basis of economic evaluations, materials with
the optimum relation of cost/ physical-mechanical prop-
erties are recommended.

Characteristics of tested materials
Form panel Doka 3-SO 21 mm

The panel is supplied by DOKA company as a special
board for the manufacture of concrete formwork. The
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Table 1. Density and moisture of Dokadur boards

Sample No. Dimensions Weight Density /;12?332
I (mm) w (mm) ¢ (mm) m,(2) M,(2) p, (kg/m?) H (%)
1 50.65 49.84 20.61 25.671 23.861 493.409 7.6
2 50.12 50.45 20.57 28.023 26.086 538.776 7.4
3 50.19 50.26 20.55 26.960 25.106 520.078 7.4
4 50.57 50.29 20.46 25.422 23.671 488.573 7.4
5 50.16 50.40 20.54 23.768 22.039 457.724 7.8
6 50.59 49.81 20.40 28.490 26.482 554.219 7.6
7 50.12 50.47 20.61 26.889 25.016 515.766 7.5
8 50.45 50.22 20.43 22.597 21.063 436.561 7.3
For Table 1-6: / — length, w — width, ¢ — thickness
Table 2. Density and moisture of Doka 3-SO boards
Sample No. Dimensions Weight Density ﬁll:;l:;rt:
I (mm) w (mm) ¢ (mm) m,(g) M,(2) p, (kg/m?) H (%)
1 50.29 50.59 20.50 23.513 21.951 450.825 7.1
2 50.51 50.20 20.71 23.841 22.222 454.008 7.3
3 49.97 50.72 20.83 22.995 21.433 435.568 7.3
4 50.72 50.25 20.73 24.448 22.875 462.731 6.9
5 50.53 50.44 20.63 23.265 21.701 442.466 7.2
6 50.59 49.99 20.72 24.584 22.923 469.154 7.2
7 50.67 50.45 20.65 23.271 21.741 440.842 7.0
8 50.62 50.29 20.79 24.448 22.875 461.939 6.9
Table 3. Density and moisture of Agrop boards
Sample No. Dimensions Weight Density gl:gll;rt:
[ (mm) w (mm) ¢ (mm) m, (g) M,() p, (kg/m?) H (%)
1 50.06 49.88 18.95 21.477 20.022 453.886 7.3
2 49.85 50.13 18.94 19.579 18.291 413.664 7.0
3 50.15 50.16 18.95 19.881 18.565 417.062 7.1
4 49.11 49.73 18.90 20.673 19.275 447.871 7.3
5 49.97 50.14 18.96 22.733 21.305 478.547 6.7
6 49.85 50.01 18.90 19.591 18.297 415.789 7.1
7 49.70 50.16 18.91 20.923 19.537 443.832 7.1
8 50.11 49.83 18.92 21.323 19.937 451.348 7.0
manufacturer recommends the panel for the production  Form panel Dokadur

of atypical formwork and dimension stock. It is manu-
factured both with smooth surface (GL) and structured
surface (STR) which moulds quality concrete with
board structure. The panel is manufactured according to
ONORM B 3023 standard from mountain spruce being
resistant to boil and weather effects and coated with arti-
ficial resin pressed under high pressure. It is supplied in
abroad range of formats from 1,000/500 to 6,000/1,000 mm
and thickness 18, 21 and 27 mm.
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The panel serves for the manufacture of ceiling
formwork. It represents a new standard of ceiling shut-
tering. The combination of a special plastic frame of
polyurethane (PU) with the two-layer closure of the
panel surface protects the panel reliably in the course
of an everyday operation of a building site. Thus, the
frequency of using the panels and the quality of concrete
surfaces hugely increases. Harmonised combination of
the two-layer paint of PU and melamine resin consider-
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ably increases moisture resistance. Adding corundum the

surface becomes slip-resistant so that walk on it is safe.

Dokadur form panels are available in thicknesses 21 and

27 mm. They are supplied in three formats, viz. 1,500/500,

2,000/500 and 2,500/500 mm.

The following panels were tested:

a) Form panel Doka 3-SO 21 mm thick supplied by
DOKA company as a special board of concrete form-
work.

b) Form panel Dokadur serving for the manufacture of
ceiling formwork.

Table 4. Density and moisture of Dokaplex boards

Biopanel Agrop

Three-layer massive panel produced of spruce sawn
timber. Upper layers are made of lamellas 95—134 mm
wide glued along edges. The panel shows the core of
blockboard/battenboard being glued using water-resistant
AW 100. Its density is about 500 kg/m?>.
Plywood sheets

Plywoods are produced by surface gluing of rotary-cut
or sliced veneers up to 4 mm thick, viz. always in an odd
number (min. 3 plies). Particular plies are each other
turned by 90° (cross effect). The odd number of particu-

Sample No. Dimensions Weight Density ﬁlk()igtlllllrt:
[ (mm) w (mm) ¢ (mm) m, (g) M,(g) p, (kg/m?) H (%)
1 50.42 50.28 20.17 34.740 32.760 679.400 6.0
2 50.21 50.59 20.19 34.386 32.381 670.487 6.2
3 50.79 50.01 20.15 36.099 34.005 705.318 6.2
4 50.15 50.65 20.17 35.311 33.301 689.213 6.0
5 50.77 50.13 20.16 35.833 33.774 698.374 6.1
6 50.11 50.59 20.18 35.547 33.447 694.853 6.3
7 50.62 50.38 20.19 34.992 32.985 679.598 6.1
8 50.55 50.35 20.17 35.744 33.712 696.268 6.0
Table 5. Density and moisture of PlomaFoil boards
Sample No. Dimensions Weight Density l:f()j;l:llrtz
[ (mm) w (mm) ¢ (mm) m, (g) M, (g) p, (kg/m?) H (%)
1 50.21 49.79 18.2 30.367 28.661 667.418 6.0
2 50.01 49.89 18.2 29.180 27.460 642.604 6.3
3 50.28 49.72 18.2 29.898 28.214 657.120 6.0
4 50.30 49.71 18.2 30.381 28.664 667.604 6.0
5 49.59 49.71 18.2 29.356 27.629 654.316 6.3
6 49.82 49.38 18.2 28.294 26.643 631.929 6.2
7 49.51 49.69 18.2 28.094 26.430 627.452 6.3
8 49.77 49.97 18.2 29.685 27.912 655.826 6.4
Table 6. Density and moisture of OSB 3 boards
Sample No. Dimensions Weight Density ﬁl:)f(s)t];lrt:
[ (mm) w (mm) ¢ (mm) m, (g) M,(g) p, (kg/m*) H (%)
1 50.1 50.0 18.7 31.070 29.614 663.272 4.9
2 50.1 50.1 18.2 28.874 27.645 632.063 4.4
3 50.0 50.0 18.3 28.578 27.131 624.656 5.3
4 50.1 50.0 18.5 28.227 27.011 609.095 4.5
5 49.9 50.4 17.8 27.207 26.016 607.756 4.6
6 50.1 50.7 18.5 33.326 31.956 709.195 43
7 50.2 49.6 17.5 26.985 25.639 619.297 52
8 48.9 50.0 18.3 27.126 25.978 606.256 4.4
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Table 7. Statistical evaluation of the tested board moisture

Dokadur Doka 3-SO Bioboard Dokaplex PlomaFoil OSB
H (%)
X 7.5 7.1 7.1 6.1 6.2 4.7
n 8 8 8 8 8 8
s 0.030 0.029 0.032 0.008 0.026 0.159
S 0.173 0.171 0.178 0.088 0.162 0.399
5% 2.3 2.4 25 1.4 2.6 8.5
L, 7.3 6.9 6.7 6.0 6.0 4.3
v, 7.8 7.3 7.3 6.3 6.4 53
Table 8. Statistical evaluation of the tested board density
Dokadur Doka 3-SO Bioboard Dokaplex PlomaFoil OSB
p (kg/m?)
X 500.638 452.191 440.250 689.189 650.534 633.949
n 8 8 8 8 8 8
s 1,582.489 142.678 527.081 137.752 229.139 1,271.018
S 39.781 11.945 22.958 11.737 15.137 35.651
5% 7.9 2.6 52 1.7 2.3 5.6
L, 436.561 435.568 413.664 670.487 627.452 606.256
v, 554.219 469.154 478.547 705.318 667.604 709.195
Table 9. Swelling of Dokadur and Doka 3-SO boards after water storage for 24 h
Dokadur Doka 3-SO
Serial No. ¢, (mm) £, (mm) G, (%) ¢, (mm) ¢, (mm) G, (%)
1 20.58 21.46 43 20.68 21.58 44
2 20.46 21.50 5.1 20.57 21.76 5.8
3 20.20 21.38 5.8 20.65 21.68 5.0
4 20.57 21.41 4.1 20.68 21.91 59
5 20.68 21.53 4.1 20.62 21.65 5.0
6 20.48 21.52 5.1 20.67 21.67 4.8
7 20.33 21.25 4.5 20.66 21.71 5.1
8 20.65 21.28 3.1 20.68 21.80 5.4

lar plies arranged in perpendicular direction guarantees
stability in form and decreases differences in mechanical
properties both in longitudinal and cross direction. With
the increasing number of veneers differences decrease.
One ply can also consist of more veneers the fibres of
which are parallel each other. Also veneers in the ply-
wood sheet do not need to be from a veneer of the same
thickness and tree species. In these cases, however, it is
necessary to observe the species and thickness symmetry
to the central veneer (core). For constructional plywoods
serving for wooden structures rotary-cut veneers are used
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obtained by peeling veneer logs. By the described arrange-
ment of veneers possibilities of veneer deformation (cross
direction) in the course of wood shrinkage and swelling
are markedly reduced and thus, dimensional stability of
plywoods is achieved. For gluing constructional ply-
woods, phenolformaldehyde resin adhesives are most
used guaranteeing high resistance to external effects.
Exterior plywoods are provided with a protective paint or
phenolic foil preventing from moisture penetration. Also
edges are usually treated with a protective paint serving
for the same purpose (MAHUT, REH 1996).
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Table 10. Swelling values of Agrop bioboards after water storage
for 24 h

Serial No. ¢, (mm) £, (mm) G (%)
1 18.88 20.06 6.3
2 18.91 19.79 4.7
3 18.92 20.09 6.2
4 18.91 20.03 5.9
5 18.91 19.90 5.2
6 18.91 19.96 5.6
7 18.89 19.99 5.8
8 18.92 19.92 5.3

The following panels were tested:

a) Form panel Dokaplex 18 mm thick, i.e. combined ply-
wood sheet provided with a protective coat resistant to
boil and weather effects according to CSN EN 314-2
standard. It is suitable as formwork with the high fre-
quency of use for the manufacture of smooth shuttering.
Dokaplex form panels are available in two thicknesses
18 and 21 mm. They are supplied in three formats, viz.
1,250/250, 1,500/150 and 3,000/1,500 mm.

b) Form panel PlomaFOIL, i.e. exterior plywood produced
of broadleaved and coniferous species surface-treated
with phenolic foil according to PN 003-49-01.

Table. 11. Swelling values of Dokaplex and PlomaFoil boards after water storage for 24 h

Dokaplex PlomaFoil
Serial No. ¢, (mm) £, (mm) G (%) ¢, (mm) ¢, (mm) G, (%)
1 20.11 21.29 59 18.18 19.16 5.4
2 20.13 21.25 5.6 18.10 19.00 5.0
3 20.07 21.21 5.7 18.05 18.97 5.1
4 20.07 21.26 5.9 18.15 19.42 7.0
5 20.17 21.30 5.6 18.19 19.12 5.1
6 20.13 21.30 5.8 18.18 19.16 5.4
7 20.11 21.25 5.7 18.07 19.02 53
8 20.11 21.27 5.8 18.15 19.09 52

Oriented strandboards (OSB)

Oriented strandboards are a relatively new material in
our country. With respect to their internal structure and
mechanical-physical properties, OSB panels have been
above all developed for building structures as a full-
value substitute of construction plywoods. The broad
range of use of OSB as a large-area board material on
the basis of wood is successfully used as formwork for
concrete monolithic constructions also in our country.
Boards or dimension stock from basic formats have to
be used with “sharply” sawn peripheral edges or treated
in the form of “tongue — two-sided groove” (2PD) on
longitudinal edges of boards or “tongue — four-sided
groove” (4PD) where interconnection of particular
boards is marked particularly in large-area formwork
for “fair-face” concrete in horizontal or vertical con-
structions. For good formwork stripping and its possible
turnover, however, it is always necessary to use suitable
form removal means such as Separen or Separen special
before concreting.

Oriented strandboards Eurostrand were tested. They are
supplied in formats 2,500 x 1,250 mm (2,440 x 1,220 mm)
and thicknesses 18, 22 and 25 mm (unsanded), quality
class OSB 3 (according to CSN EN 300 standard — bearing
board for use in the moist environment), viz. both square-
edged and with treated edges in the form of 2PD or 4PD,
all in board thicknesses 18-25 mm.

Particular physical and mechanical properties of ana-
lysed boards were determined according to the following
standards:
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Table 12. Values of swelling of OSB 3 boards after water storage
for 24 h

Serial No. ¢, (mm) z, (mm) G (%)
1 18.56 20.27 9.2
2 18.53 19.91 7.4
3 18.23 19.44 6.6
4 18.32 19.76 7.9
5 18.69 20.20 8.1
6 18.45 19.85 7.6
7 18.41 19.71 7.1
8 18.50 19.75 6.8

CSN EN 310 Determination of modulus of elasticity in
bending and bending strength

CSN EN 317 Determination of swelling after water storage

CSN EN 322 Wooden boards — Determination of moisture

CSN EN 323 Wooden boards — Determination of density

CSN EN 325 Determination of dimensions of test speci-
mens

CSN-EN 326-1 Wooden boards. Sampling, cutting and
check. Part 1: Sampling, cutting of test specimens and
expression of test results

CSN EN 314-1 Plywood sheets. Gluing quality. Part 1:
Methods of testing

CSN EN 314-2 Plywood sheets. Gluing quality. Part 2:
Requirements

CSN 490136 Janka hardness.
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Table 13. Statistical evaluation of swelling of particular analysed boards after water storage for 24 h

Dokadur Doka 3-SO Bioboard Dokaplex PlomaFoil OSB
G (%)
x 4.5 5.2 5.6 5.7 5.4 7.6
n 8 8 8 8 8 8
N\ 0.707 0.271 0.292 0.017 0.425 0.693
S 0.841 0.520 0.541 0.129 0.652 0.832
S$% 18.7 10.1 9.6 2.3 12.0 11.0
L, 3.1 4.4 4.7 5.6 5.0 6.6
U 5.8 5.9 6.1 591 7.0 9.2

5%

Load trial tests were carried out using a computer-con-
trolled machine of Zwick company (Z 050 according to
the standards mentioned above). The measured values
were statistically processed (arithmetic mean, standard
deviation, variance, lower and upper 5% quantile). In
quantities with probably closer dependence of measured
values, i.e. dependences of some strength on density
which was not evidently too affected by the construction
of boards, calculations of correlation were carried out.
In the calculation of correlation, materials were divided
into three constructional groups, viz. three-layer boards
of massive construction, plywoods and OSB. All statisti-
cal calculations were carried out using the Statistics 6.0
program.

RESULTS AND DISCUSSION
Moisture and density

In Tables 1-6, values of density and moisture are given
of particular materials under analysis. Tables 7-8 give

statistical evaluation of tests of the determination of den-
sity and moisture.

Average moisture of analysed boards ranges bet-
ween 4.7 and 7.5%. These differences in moisture can-
not markedly affect measured values of physical and
mechanical properties of examined boards. Density is
lowest in three-layer massive boards (452.191 kg/m?)
and highest in plywoods (689.189 kg/m?®) and OSB
(633.949 kg/m?). A respective diagram shows that
boards of a similar construction are also of the same
density. The low density of three-layer massive boards
(440.250 kg/m?) is caused by the selection of softwood
species for the construction and by two glue joints only
so that the glue density does not significantly affect
total density. In plywoods, the situation is another. For
their construction, veneers of hardwood species are
mainly used and glue joints show a marked proportion
which results in about 30% higher density. In oriented
strandboards, the proportion of a glue is highest. In
spite of using softwood species the density of OSB is
similar to that of plywood sheets.

Table 14. Values of bending strength and MOE in bending of Doka 3-SO boards

Doka 3-SO 21 mm (longitudinal direction) I (mm) =400
Sample No. A (mm) b (mm) deflection (mm)[ 1 F,_(N) £, (N/mm?) E_ (N/mm?)
1 20.44 50.61 8.26 1,528 43.35 15,128.99
2 20.69 50.54 11.78 1,870 51.85 15,362.98
3 20.71 50.44 10.78 1,885 52.27 16,468.30
4 20.73 50.61 12.59 2,071 57.14 16,094.31
5 20.71 50.54 12.49 1,635 45.26 11,464.16
6 20.76 50.55 9.18 1,712 47.15 15,820.51
7 20.80 50.50 9.43 1,426 39.16 12,069.99
8 20.75 50.50 7.93 1,627 44.90 18,600.26
Doka 3-SO 21 mm (cross direction) I (mm) =400
1 20.36 50.44 18.86 354.76 10.18 1,824.10
2 20.66 50.87 22.54 627.59 17.34 2,845.92
3 20.43 50.44 21.26 671.40 19.13 2,578.24
4 20.48 50.44 23.89 596.11 16.91 2,799.64
5 20.48 50.29 14.75 451.57 12.85 2,092.98
6 20.48 50.25 15.81 443.52 12.63 1,984.07
7 20.68 50.52 16.61 394.81 10.96 1,664.17
8 20.55 50.52 14.43 586.23 16.49 2,895.35
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Table 15. Values of bending strength and MOE in bending of Dokadur boards

Dokadur (longitudinal direction) 1 (mm) =400
Sample No.
h (mm) b (mm) deflection (mm) L] F _(N) f, (N/mm?) E (N/mm?)
1 20.6 50.75 8.05 1,905 53.06 18,662
2 20.55 50.50 8.95 2,424 68.21 23,715
3 20.72 50.50 12.14 2,798 77.43 22,439
4 21.00 50.55 9.77 2,507 67.48 21,121
5 20.40 50.55 11.37 2,667 76.06 23,719
6 20.65 50.50 13.78 2,385 66.46 15,484
7 21.00 50.45 11.83 2,814 75.89 23,154
8 20.65 50.40 11.2 2,208 61.63 15,600
9 20.50 50.30 9.46 2,402 68.18 21,687
10 20.67 50.25 9.19 1,925 53.79 16,894
11 20.85 50.55 11.79 2,510 68.53 19,102
12 20.50 50.40 11.8 2,551 72.26 23,289
13 20.60 50.50 9.21 2,139 59.88 20,254
14 20.73 49.42 12.57 2,590 73.17 19,595
15 20.67 50.05 12.7 2,322 65.15 18,085
Dokadur (cross direction) 1 (mm) =400
1 20.95 50.45 28.26 551 14.93 2,365
2 20.70 50.60 10.63 344 9.53 2,646
3 20.62 50.50 24.92 493 13.78 2,207
4 20.70 50.50 17.15 504 13.97 2,612
5 20.63 50.70 12.52 309 8.58 1,849
6 20.60 50.50 19.12 362 10.13 2,446
7 20.73 50.50 11.03 364 10.07 2,181
8 20.57 50.47 9.03 298 8.38 2,100
9 20.48 50.43 14.45 501 14.20 2,582
10 20.45 50.43 14.47 437 12.43 2,287
11 20.42 50.28 18.36 492 14.07 2,248
12 20.38 50.38 19.63 379 10.87 1,186
13 20.36 50.26 14.24 419 12.08 2,386
14 20.53 50.40 13.79 355 10.03 2,164
15 20.35 50.50 9.24 338 9.70 2,487
16 20.27 50.50 14.72 559 16.15 2,936

Swelling after water storage for 24 hours

Tables 9—12 give swelling values for particular analysed
materials after water storage for 24 hours, Table 13 gives
statistical evaluation of swelling determination tests after
water storage for 24 hours.

Tables 9—13 show that in the majority of boards swell-
ing is even. Oriented strandboards (OSB) represent an
exception. In OSB, swelling is higher by about 25-30%
as compared with boards of other constructions.

In the course of swelling, relatively considerable pres-
sures occur. The pressure can cause problems concerning
the subsequent removal of shuttering. Under conditions
of uneven swelling in fresh concrete, however, failures
in the future construction could occur due to the uneven
pressure. Therefore, boards with minimum swelling in
thickness are more suitable.
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Bending strength and modulus of elasticity (MOE)
in bending

Tables 14—19 give values of bending strength and
MOE in bending of particular analysed materials. Tab-
les 20-21 give statistical evaluation of tests of the de-
termination of bending strength and MOE in bending.
Table 22 give values of correlations of density and
bending strength or MOE in bending of particular
analysed boards.

As for three-layer boards, Dokadur boards (Tables 20
and 21) demonstrated the best properties in longitudinal
direction. Differences between Dokadur and Bioboard
are, however, minimal. Properties of Doka 3-SO boards
are about 30% lower than those in the best board of the
given construction Dokadur. Dokaplex plywood sheets
show almost the same strength values as Dokadur boards.
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Table 16. Values of bending strength and MOE in bending of Agrop bioboards

Sample No. Bioboard Agrop (longitudinal direction) I (mm) =400
h (mm) b (mm) deflection (mm)[] F (N) /,, (N/mm?) E (N/mm?)

1 19.03 49.89 11.18 1,852 61.52 19,210
2 18.95 49.69 10.95 1,772 59.57 18,464
3 19.03 49.91 11.01 1,771 58.80 16,816
4 19.03 49.93 7.39 1,332 4421 17,091
5 19.02 49.64 9.80 1,653 55.23 18,257
6 19.08 49.20 10.78 1,727 57.86 17,078
7 19.02 49.90 10.95 1,826 60.68 18,960
8 19.05 49.75 10.46 1,810 60.15 19,831
9 19.06 50.56 9.63 1,799 58.77 19,882
10 19.00 49.58 11.55 2,038 68.32 19,852
11 19.00 49.81 9.25 1,511 50.43 17,203
12 19.10 49.46 9.30 1,695 56.37 18,989
13 19.05 49.93 7.69 1,503 49.78 19,900
14 18.99 50.10 8.86 1,728 57.40 20,552

Bioboard Agrop (cross direction) 1 (mm) =400
1 18.96 49.89 22.69 388 12.97 1,787
2 18.96 50.15 20.47 404 13.43 1,709
3 18.94 49.98 16.37 336 11.23 1,707
4 18.94 49.90 20.15 485 16.24 2,291
5 19.05 50.02 17.66 286 9.45 1,330
6 18.97 50.02 22.24 472 15.73 1,989
7 18.94 49.80 18.14 506 16.99 2,469
8 18.93 50.00 14.87 322 10.79 1,980
9 18.94 49.90 20.15 485 16.24 2,291
10 19.01 49.50 16.31 213 7.16 1,447
11 18.95 49.99 24.19 487 16.26 2,013
12 19.16 49.81 23.58 413 13.56 1,646
13 18.96 50.03 8.28 182 6.06 1,486
14 18.96 49.84 23.80 477 15.99 1,939

Table 17. Values of bending strength and MOE in bending of Dokaplex boards
Dokaplex 21 mm (longitudinal direction) 1 (mm) =400
Sample No.
h (mm) b (mm) deflection (mm) [ F (N) f,, (N/mm?) E (N/mm?)
1 20.17 50.11 20.35 2,226.51 65.53 14,440.29
2 20.00 49.83 12.42 2,176.85 65.53 15,760.19
3 20.10 50.15 11.93 2,128.93 63.04 16,781.28
4 20.10 49.82 13.46 2,138.55 63.75 14,386.98
5 20.10 50.00 14.48 2,363.80 70.21 15,729.71
6 20.10 50.00 12.57 2,227.13 66.15 15,559.06
7 20.10 49.89 11.34 2,140.12 63.71 16,375.92
8 20.10 50.00 15.06 2,323.05 69.00 14,847.18
9 20.10 50.00 12.00 2,207.54 65.57 16,486.00
10 20.10 50.00 14.59 2,430.41 72.19 16,230.78
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Table 18. Values of bending strength and MOE in bending of PlomaFoil boards

PlomaFoil (longitudinal direction) 1 (mm) =400
Sample No.
h (mm) b (mm) deflection (mm) [ F__(N) £, (N/mm?) E (N/mm?)
1 18.00 49.80 16.92 1,726 64.20 13,867
2 18.05 49.70 24.07 1,934 71.67 13,673
3 18.00 50.00 22.18 1,920 71.13 13,999
4 18.20 49.75 21.56 1,957 71.24 14,957
5 18.00 49.80 21.85 1,904 70.81 14,965
6 18.00 49.70 23.06 1,996 74.37 14,849
7 18.00 49.80 18.93 1,957 72.77 14,963
8 18.05 49.05 22.93 2,112 79.31 15,432
9 18.00 49.65 19.34 1,883 70.23 13,877
10 17.90 49.65 22.10 1,933 72.92 14,534
11 17.90 49.75 19.60 1,872 70.45 15,098
12 17.90 49.55 19.66 1,845 69.72 15,145
PlomaFoil (cross direction) I (mm) =400
1 18.00 50.05 17.21 2,103 77.80 16,262
2 18.00 50.05 18.73 2,446 90.51 20,115
3 18.00 49.90 21.02 2,499 92.75 20,391
4 18.00 49.90 13.93 2,209 81.99 19,955
5 18.20 50.00 14.72 2,000 72.45 17,693
6 18.10 50.00 12.08 1,971 72.20 19,269
7 18.00 50.00 19.78 2,082 77.09 14,875
8 18.05 50.05 19.78 2,345 86.29 17,676
9 18.00 50.05 16.38 2,059 76.20 16,796
10 18.20 50.05 15.75 2,312 83.68 18,866
11 18.15 49.80 21.76 2,414 88.29 19,537
12 18.05 49.95 16.42 2,271 83.72 18,989

Table 19. Values of bending strength and MOE in bending of OSB 3 boards

OSB (longitudinal direction) I (mm) =400
Sample No.
h (mm) b (mm) deflection (mm) F (N) f, (N/mm?) E (N/mm?)
1 18.00 50.00 9.38 924 34.23 12,962
2 18.34 50.00 8.21 1,023 36.48 13,992
3 17.80 50.20 8.44 810 30.56 11,834
4 17.85 50.75 8.48 970 35.99 13,691
5 18.20 50.10 7.96 987 35.69 14,335
6 18.30 49.86 8.14 909 32.68 12,546
7 18.70 49.95 7.63 1,098 37.70 15,223
8 18.40 48.70 8.88 952 34.66 12,767
9 18.48 50.05 6.50 770 27.02 12,527
10 18.55 50.50 7.14 919 31.72 13,219
11 17.82 50.05 10.89 1,051 39.68 13,940
12 18.35 49.85 10.13 1,173 41.94 13,728
13 18.60 49.85 7.63 979 34.04 13,627
14 19.00 50.10 7.87 1,003 33.27 12,899
15 18.72 50.12 9.41 1,206 41.18 14,009
16 18.40 50.00 9.37 1,086 38.51 13,740
17 18.05 50.22 8.87 1,059 38.83 13,928
18 18.07 49.67 6.15 594 21.97 10,757
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Table 19 to be continued

OSB (cross direction) 1 (mm) =400
Sample No.
h (mm) b (mm) deflection (mm)[] F..(N) f, (N/mm?) E (N/mm?)
1 18.00 50.09 9.94 420 15.54 4,876
2 18.16 50.15 12.47 557 20.21 5,399
3 18.15 50.08 10.41 392 14.25 4,402
4 18.70 50.10 11.15 630 21.57 5,999
5 18.60 49.85 8.57 382 13.27 4,493
6 18.42 50.08 11.45 507 17.90 4910
7 18.23 50.00 8.86 361 13.05 4,429
8 17.94 50.00 8.52 384 14.32 5,058
9 18.77 50.00 7.64 389 13.24 4,840
10 18.48 50.00 11.23 497 17.48 5,482
11 18.48 50.25 12.12 544 19.01 5,522
12 18.06 50.00 12.00 563 20.71 5,840
13 18.00 50.10 9.81 441 16.31 5,160
14 18.25 50.00 9.03 413 14.38 4,855
15 18.48 50.05 10.37 530 18.60 5,482
16 18.64 50.00 9.45 570 19.70 6,123
17 17.95 50.10 12.34 490 18.20 5,175
18 18.45 50.18 11.78 505 17.74 4,886

Table 20. Statistical evaluation of bending strength (N/mm?) of analysed boards

Dokadur Doka 3-SO Bioboard Dokaplex PlomaFoil OSB
Longitudinal direction
X 67.1 47.6 57.1 66.5 81.9 34.8
n 15.0 8.0 14.0 10.0 12.0 18.0
2 56.6 333 34.5 9.2 46.7 24.7
S 7.50 5.8 59 3.0 6.8 5.0
5% 11.2 12.1 10.3 4.6 83 14.3
L, 53.1 39.2 442 63.0 72.2 22.0
v, 77.4 57.1 68.3 72.2 92.7 41.9
Cross direction
X 11.8 14.6 13.0 71.6 17.0
n 16.0 8.0 14.0 12.0 18.0
S? 6.0 11.0 12.9 12.1 7.5
S 2.5 3.5 3.6 35 2.7
5% 20.8 22.7 27.6 4.9 16.1
L, 8.4 10.2 6.1 64.2 13.0
Ut 16.2 19.1 17.0 79.3 21.6

5%
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Table 21. Statistical evaluation of MOE in bending strength (N/mm?) of analysed boards

Dokadur Doka 3-SO Bioboard Dokaplex PlomaFoil OSB
Longitudinal direction
x 20,186.7 15,126.2 18,720.28 15,659.7 18,368.73 13,317.98
n 15 8 14 10 12 18
N\ 8,129.921 5,442.380 1,580.087 730.212 2,955.937 1,031.280
S 2,851.302 2,332.891 1,257.015 854.525 1,719.28 1,015.52
5% 14.1 154 6,714.726 5.5 9.4 7.6
L, 15,483.8 11,464.2 16,816.08 14,387.0 14,875.00 10,757.37
v, 23,719.4 18,600.3 20,552.04 16,781.3 20,390.91 15,222.64
Cross direction
x 2,292.7 2,335.6 1,863.1 14,613.39 5,162.90
n 16 8 14 12 18
N\ 153,129 248,977 114,680 361,300 262,851
S 391.317 498.976 338.644 601.08 512.69
5% 17.1 21.4 18.2 4.1 9.9
L, 1,186.2 1,664.2 1,330.1 13,673.48 4,401.87
v 2,936.5 2,895.4 2,468.7 15,431.98 6,123.16

5%

Table 22. Values of correlations of density and bending strength or MOE in bending of particular analysed boards

Equation of regression Correlation
Correlation of density and bending strength _ _
of three-layer boards in longitudinal direction J,=10641-0.1120. p r=-0.1296
Correlation of density and bending strength _— _
of plywoods in longitudinal direction J,=-8038+0.11794 . p r=0.57261
Correlation of density and bending strength B _
of OSB in longitudinal direction J,=727.69+0.10149.. p r=0.62877
Correlation of density and MOE
= + =
of three-layer boards in longitudinal direction E,=6057.1+29.752 . p r=0.11724
Correlation of density and MOE _ _
of plywoods in longitudinal direction E,=24,508-14.37.p r=-03245
Correlation of density and MOE B B
of OSB panels in longitudinal direction E,=-1339+23810.p r=072122
Table 23. Values of hardness of three-layer boards according to Janka
Doka 3 SO Dokadur
Sample No.
Density (kg/m?) F (N) H’ (N/mm”)  Density (kg/m’) F (N) H’ (N/mm?)
1 457414 3,240 32.438 477.140 3,094 30.977
2 476.798 3,737 37.414 580.282 3,049 30.526
3 466.751 2,965 29.685 495.413 2,841 28.444
4 424.967 2,621 26.241 562.715 3,597 36.012
5 444.454 2,693 26.962 524.651 3,332 33.359
6 459.320 2,865 28.684 481.683 2,253 22.557
7 445.903 2,847 28.504 535.600 3,429 34.330
8 437.873 3,285 32.889 503.984 2,857 28.604
9 472.199 3,102 31.057 492.909 3,119 31.227
10 450.195 3,057 30.606 496.233 3,096 30.997
11 445.656 2,867 28.704 473.878 3,133 31.367
12 419.942 2,228 22.306 510.806 2,551 25.540
13 465.970 2,501 25.040 482.912 2,639 26.421
14 462.286 3,379 33.830 518.823 2,797 28.003
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Table 24. Values of hardness of bioboards according to Janka

Table 26. Values of hardness of OSB panels according to Janka

Sample No. Density (kg/m?) F _(N) H’ (N/mm?) Sample No. Density (kg/m®) F (N) H' (Nmm?
1 509.460 2,420 24.229 1 681.436 4,983 49.889
2 416.468 2,140 21.425 2 717.451 4,741 47.466
3 439.873 2,612 26.151 3 603.699 3,913 39.176
4 439.873 2,491 24.939 4 613.833 4,267 42.720
5 444.159 2,497 24.999 5 645.478 3,680 36.843
6 439.215 1,973 19.753 6 642.525 3,979 39.837
7 454.030 2,468 24.709 7 638.541 3,929 39.336
8 430.796 2,515 25.180 8 611.388 3,070 30.736
9 432.276 2,102 21.045 9 633.034 4,369 43.742
10 434.606 2,842 28.454 10 632.483 4,051 40.558
11 438.751 2,505 25.080 11 636.031 5,131 51.371
12 470.907 2,770 27.733 12 646.204 4,852 48.577
13 421.389 2,189 21.916 13 607.383 4,022 40.267
14 456.992 3,348 33.520 14 597.006 3,392 33.960
15 425.279 2,318 23.207 15 643.738 3,694 36.984
Table 25. Values of hardness of plywoods according to Janka
Sample No. Dokaplex PlomaFoil
Density (kg/m?) F _(N) H’ (N/mm?)  Density (kg/m’) F. _(N) H’ (N/mm?)
1 668.823 5,924 59.310 649.777 4,691 46.965
2 710.842 5,899 59.060 696.781 4,589 45.944
3 670.408 5,648 56.547 651.791 4,934 49.398
4 685.473 6,466 64.736 710.682 4,572 45.774
5 687.262 6,279 62.864 646.891 4,506 45.113
6 687.098 5,920 59.270 636.765 3,929 39.336
7 674.085 5,763 57.698 629.516 4,137 41.419
8 681.992 5,978 59.851 644.282 4,663 46.685
9 674.569 5,772 57.788 679.155 4,266 42.710
10 686.998 5,760 57.668 666.138 4,830 48.357
11 682.311 6,545 65.527 651.660 4,457 44.623
12 681.638 6,285 62.924 633.305 4,203 42.080
13 695.435 6,520 65.277 643.138 4,776 47.816
14 693.306 5,912 59.190 686.939 4,479 44.843
15 686.308 6,488 64.957 663.459 3,815 38.195
Table 27. Statistical evaluation of hardness of analysed boards /", (N/mm?) according to Janka
Dokadur Doka 3-SO Bioboard Dokaplex PlomaFoil OSB
X 29.883 29.597 24.823 60.844 44.617 41.431
n 14 14 16 16 15 15
N\ 12.927 15.081 11.588 10.113 10.693 34.998
S 3.595 3.883 3.404 3.180 3.270 5916
5% 12.0 13.1 13.7 52 7.3 14.3
L, 22.557 22.306 19.753 56.547 38.195 30.736
v, 36.012 37.414 33.520 65.527 49.398 51.371
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Table 28. Values of correlations of density and hardness according to Janka of particular analysed boards

Equation of regression Correlation
Correlation and regression of the dependence . _
of Janka hardness on the density of three-layer boards A, =1.2455+0.05723 . p r=0.51302
Correlation and regression of the dependence . _
of Janka hardness on the density of plywoods i, =-1044+0.23382 . p r=059124
Correlation and regression of the dependence S _
of Janka hardness on the density of OSB panels i, =-28.57+0.10994 . p r=0.57701
Table 29. Values of shear strength and proportions of fracture in the wood of three-layer boards
Dokadur Doka 3-SO Bioboard
Shear strength Proportion Shear strength Proportion Shear strength Proportion
No (N/mm?) of fracture (N/mm?) of fracture (N/mm?) of fracture
in the wood (%) in the wood (%) in the wood (%)
1 0.5 95 0.9 95 1.2 65
2 1.2 100 0.7 95 0.9 60
3 1.3 75 1.3 65 1.0 75
4 1.1 90 0.7 65 1.2 95
5 1.0 100 0.8 50 1.1 50
6 0.8 95 1.1 90 0.9 85
7 0.8 100 0.9 100 0.7 100
8 1.7 90 0.9 70 0.8 95
9 1.1 100 0.8 100 0.9 90
10 1.4 95 0.6 100 1.3 95

PlomaFoil shows nearly 20% better properties. OSB show
the worst properties in longitudinal direction. Values
measured are 45% lower than the average value of other
boards. In cross direction, the majority of boards demon-
strates substantially inferior properties as compared with
properties in longitudinal direction. It results from the
way of using the boards which are placed transversely
so that they are not loaded in cross direction. In atypical
constructions where transverse load is supposed ply-
woods are used. Three-layer boards show substantially
lower bending strength values in cross direction than in
longitudinal direction. In plywoods, values in cross direc-
tion are slightly lower. Plywoods are, therefore, ideal for
formwork where loading can occur in cross direction.
OSB panels correspond to three-layer boards in cross
direction.

Moreover, correlation was determined between board
density and bending properties in each of the board
groups. Therefore, on the ground of higher requirements
for properties in longitudinal direction the correlation was
determined in this direction only.

Three-layer boards show slight indirect proportion as
for bending strength and slight direct proportion as for
MOE. It is possible to suppose that bending properties
are only little affected by the material density. The board
construction will be evidently more important, viz. mainly
the thickness of particular layers. Plywoods demonstrate
high direct dependence in bending strength and medium
dependence in MOE. Thus it is possible to suppose that
boards of higher density will show also higher strength.
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OSB panels show even greater relationships between
density and bending properties.

Dependence of bending strength on density is high
and dependence of MOE on density is considerably high
(Table 22).

Hardness according to Janka

Tables 23-26 give hardness values of particular
analysed materials according to Janka. Table 27 gives the
statistical evaluation of tests.

Table 28 give values of correlations of density and
hardness according to Janka of particular analyzed boards
under examination.

Hardness according to Janka is a property which can
very significantly affect repeated use (MATOVIC 1993).
As evident from Tables 23-27, three-layer boards show
even hardness ranging about a value of 29 N/mm?. In
original Dokadur boards, their surface is strengthened by
a special hardened paint. The paint forms an encrusta-
tion protecting the board from dent and thus removes
a handicap of boards of this construction as compared with
plywood sheets. However, hardness of this encrustation
cannot be recorded by the given test. In original Dokaplex
plywoods, Janka hardness ranges about 61 N/mm?. Thanks
to this hardness high number of repeated uses is possible.
Hard bearing materials protect a surface frangible foil
from dent. Therefore. surface splits do not occur and water
does not infiltrate into the board even after its repeated
use. As for PlomaFoil boards, they are 25% more inferior
(45 N/mm?). OSB panels with their strength 41 N/mm?
are like PlomaFoil plywoods.
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Table 30. Values of shear strength and proportions of fracture in the wood of plywood sheets

PlomaFoil Dokaplex
Serial No. Shear strength Proportion Serial No. Shear strength Proportion
(N/mm?) ' of fracture (N/mm2) . of fracture
in the wood (%) in the wood (%)
1A 0.5 50 1A 2.0 75
2A 1.1 75 2A 1.9 65
3A 0.8 95 3A 0.6 45
4A 0.7 75 4A 0.5 80
S5A 0.9 45 S5A 1.1 60
6B 1.6 100 6B 1.9 75
7B 1.3 95 7B 1.4 40
8B 1.1 95 8B 1.1 20
9B 0.8 75 9B 1.2 50
10B 1.0 100 10B 1.9 100
11C 1.2 100 11C 1.2 95
12C 1.1 70 12C 1.7 90
13C 1.3 100 13C 1.7 100
14C 1.5 100 14C 0.8 5
15C 1.6 95 15C 1.4 20
16D 1.3 100 16D 1.3 15
17D 1.2 95 17D 1.3 75
18D 1.3 100 18D 1.1 50
19D 1.0 95 19D 0.9 50
20D 1.0 100 21D 1.7 45
21E 0.9 95 22D 1.4 100
22E 1.6 100 23E 1.3 95
23E 1.4 75 24E 1.6 95
25E 1.7 25
26E 1.8 70
27E 0.7 75
Table 31. Statistical evaluation of shear strength (N/mm?) in bending of tested boards
Dokadur Doka 3-SO Bioboard Dokaplex PlomaFoil

X 1.1 0.9 1.0 1.4 1.1
n 10 10 10 26 23

0.119 0.037 0.037 0.182 0.089

S 0.345 0.192 0.191 0.426 0.298

5% 31.8 22.2 19.3 31.5 26.2
L, 0.5 0.6 0.7 0.5 0.5
o 1.7 1.3 1.3 2.0 1.6

5%

With respect to the fact that dependence of Janka hard-
ness on density was supposed correlation analysis was
carried out. In all three constructions of boards, high

direct proportion was found between density and Janka
hardness (Table 28).

Gluing quality, shear strength

Values of shear strength and proportions of fracture in
the wood of analysed boards are given in Tables 29-31.
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Shear strength is relatively even in all tested boards.
Only Dokaplex board showed above-average strength by
about 25%.

CONCLUSION
Average values of physical and mechanical properties of
analysed boards are given in the aggregate Table 32.

Among three-layer massive boards, no fundamental
differences were found as for physical and mechanical
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Table 32. Comparison of physical and mechanical properties of analysed boards and costs (average values of properties)

Examined property Unit Dokadur  Doka3-SO  Bioboard  Dokaplex PlomaFoil OSB
Density (kg/m?) 501 452 440 689 651 634
Bending strength (along) (N/mm?) 67.1 47.6 57.1 66.5 81.9 348
Bending strength (across) (N/mm?) 11.8 14.6 13.0 71.6 17.0
MOE (along) (N/mm?) 20,186.7 15,126.2 18,720.3 15,659.7 18,368.7 13,317.9
MOE (across) (N/mm?) 2,292.7 2,335.6 1,863.1 14,613.3 5,162.9
Janka hardness (N/mm?) 29.9 29.6 24.8 60.8 44.6 41.4
Swelling after 24 h (%) 4.5 5.26 5.6 5.7 5.4 7.6
Gluing strength (shear) (N/mm?) 1.1 0.9 1.0 1.4 1.1
Cost (without VAT) (CZK/m?) 1,850 490 357 2,062 429 384
properties. Bioboards can be compared with Doka 3-SO References

boards. Their advantage consists in lower density ensur-
ing better and easier handling during assembly. As for
the most important property, i.e. bending strength along
the grain, the board was placed between 3-SO board and
Dokadur board. Its cost CZK 357 (without VAT) is near-
ly 30% lower than that of 3-SO boards. The board is not,
however, supplied with surface finish. In case of using
a special paint, the cost would be increased and
the price difference would not be so marked. The
surface quality would then correspond to Dokadur
boards which are, however, several times more ex-
pensive. The Dokadur board belongs to the most
expensive boards of this construction and generally,
it is the second most expensive of all tested boards.
The board has been, however, specially developed
for the maximum possible number of use. It has
very quality surface finish and edges treated using
a plastic frame. For big construction companies which
have to build large-area ceiling shuttering where atypical
forms are not supposed the board can be a profitable invest-
ment in spite of its cost thanks to its high service
life.

Plywoods are a material for the manufacture of form-
work for more difficult elements from the static point of
view. They are most often used for example in the con-
struction of bridges. DokaFoil boards showed (in spite
of their thickness smaller by 3 mm) 20% higher bending
strength in longitudinal direction than Dokaplex boards.
Though hardness is 25% lower than that of Dokaplex
boards, it is in any case above-average whereas its cost
is 80% lower. OSB panels showed bending properties
rather slightly below-average. According to catalogue
sheets available for boards of this construction values
measured in such a way were substantially lower. Their
another disadvantage consists in a relatively large change
in thickness due to swelling. They show, of course,
quality surface finish and hardness comparable with
plywoods. According to results of tests the boards can be
recommended for less difficult formwork. It is possible
to suppose multiple use.
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Analyza vlastnosti deskovych materiali pro betonarska bednéni
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ABSTRAKT: Clanek shrnuje vysledky analyzy vlastnosti na nagem trhu dostupnych velkoplodnych materialt pouzitelnych
pro vyrobu betonaiskych bednéni. Materialy byly porovnany z hlediska fyzikalnich a mechanickych vlastnosti véetné ekono-
mického vyhodnoceni. Hodnoceny byly materialy od firmy DOKA, ktera se zabyva vyrobou bednicich systému, a to Doka
3-SO, Dokadur a Dokaplex. Tyto materialy byly porovnavany s nasledujicimi materialy dostupnymi na naSem trhu: Biodes-
ka, povrchoveé upravend vodovzdorna pieklizovand deska, orientovana tiiskova deska OSB. Vysledkem prace je porovnani
cena/fyzikalné mechanické vlastnosti.

Kli¢ova slova: bednéni; velkoplosné materidly; tfivrstva masivni deska; OSB; stavebni pteklizka; pevnost v ohybu; modul

pruznosti v ohybu; smykova pevnost; bobtnani

Betonaiské bednéni je docasna konstrukce, slouzici
jako forma pro budouci betonovou konstrukci. Sklada se
zpravidla z podptrné konstrukce a konstrukce vytvaiejici
tvar prvku. Stavebnictvi je nejvét§im spotiebitelem dieva
a vyrobku ze dieva. Firmy vyrabé&jici stavebni pieklizky
a velkoplo$né materialy se neustale snazi vyvijet nové
vhodné materialy pro vyrobu betonaiskych bednéni pod-
le pozadavka stavebnich projektantti. V souc¢asné dobé se
nejcastéji pouzivaji preklizované desky, tiivrstvé masivni
desky a latovky. Na fyzikalni a mechanické vlastnosti
téchto materiald jsou kladeny specifické pozadavky.
Vyrobni technologie téchto desek jsou velice narocné
a finan¢né nakladné, coz vytvaii druhotny pozadavek,
kterym je zaruceni vicendsobného pouziti. Materialy
pouzivané na vyrobu bednéni by mély nékolikanasobné
pouziti zaru€ovat. Vyroba betonovych konstrukei je tzv.
mokry proces, pii kterém je bednéni vystaveno agresiv-
nimu prostfedi cementu z betonovych smési a také po-
vétrnostnim vliviim. Aby nedochézelo k jejich degradaci,
museji se dodrzovat urcité zasady. Bohuzel tyto zdsady
jsou na stavbach velice ¢asto zanedbavany.

Velkoplo$né materialy pro bednéni jsou na povrchu
opatfeny folii nebo natérem chranicim je proti vniknuti
vlhkosti. Také hrany byvaji natfeny natérem se stejnou
funkci. Je-li zapotiebi pii montdzi bednéni tyto materialy
z n¢jakého duvodu zakratit, musi se vznikld hrana, ktera
neni chranéna, natiit natérem zabraiujicim vniknuti vlh-
kosti. Pfed samotnou betonazi je tfeba povrch bednéni
natfit ochrannym prostfedkem, ktery desky chrani proti
vlhkosti a napoméhé odbednéni. Pokud by se takovy natér
neprovedl, hrozi pti odtrzeni desky od betonové konstruk-
ce odloupnuti ochranné vrstvy a tim jeji znehodnoceni.

Cilem prace bylo provedeni analyzy na trhu bézné
dostupnych velkoplosnych materidldi pro vyrobu beto-
nafskych bednéni. Materialy byly porovnany z hlediska
fyzikalnich a mechanickych vlastnosti véetn¢ ekono-
mického vyhodnoceni. Hodnotily se materialy od firmy
DOKA, kterd se zabyva vyrobou bednicich systémt,
a to:
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— Doka 3-SO — tiivrstva deska podle ONORM B 3023

— Dokadur — tifvrstva deska podle ONORM B 3023

— Dokaplex — kombinovana pteklizovana deska Doka-
plex a PlomaFoil.

Tyto materidly byly porovnavany s nasledujicimi ma-
teridly dostupnymi na nasem trhu:

— Biodeska Agrop
— Povrchové upravend vodovzdorna pieklizovana deska
— Orientovana tiiskova deska (OSB) Eurostrand.

Na zékladé ekonomického vyhodnoceni jsou doporu-
ceny materialy s optimalnim pomérem cena/fyzikalné
mechanické vlastnosti.

Primérna vlhkost analyzovanych desek se pohybuje

okolo 4,7-7,5 %. Tyto rozdily vlhkosti nemohou vyrazné
ovlivilovat naméfené hodnoty fyzikalnich a mechanic-
kych vlastnosti sledovanych desek.
(452,191 kg/m?) a nejvyssi u pieklizek (689,189 kg/m?)
a OSB desek (633,949 kg/m?). Ptitom lze vidét, Ze des-
ky podobné konstrukce maji i podobnou hustotu. Nizka
hustota téfvrstvych masivnich desek (440, 250 kg/m?)
je zptsobena vybérem mekkych dievin pro konstrukci
a pouze dvéma lepenymi sparami, takze hustota lepidla
celkovou hustotu vyznamné neovliviiuje. U pieklizek je
situace opacna. Pro jejich konstrukcei jsou prevazné vyu-
zivany dyhy tvrdSich dfevin a maji vyrazny podil lepené
spary, coz zpusobuje asi 0 30 % vyssi hustotu. U OSB
desek je podil lepidla nejvyssi, a to do takové miry, Ze
i pies pouzivani mékkych dfevin je jejich hustota podob-
nd jako u preklizovanych desek.

Z tabulek 9—13 vyplyva, ze bobtnani je u vétsiny desek
vyrovnané. Vyjimku tvoii OSB desky. U OSB desek je
bobtnani vyssi asi o0 25-30 % ve srovnani s deskami ji-
nych konstrukei. Pfi bobtndni vznika pomérné velky tlak.
Tento tlak mtze zpisobit problémy s naslednym odbed-
fovanim konstrukce. Pii nerovhomérném bobtnani u Cer-
stvého betonu by diky nerovnomérnému tlaku mohlo do-
jit k naruSeni budouci konstrukce. Z téchto divodt vice
vyhovuji desky s minimalnim tloustkovym bobtnanim.
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V podélném sméru mezi tiivrstvymi deskami vyka-
zuje nejlepsi vlastnosti (pevnost v ohybu, modul pruz-
nosti v ohybu) deska Dokadur (tab. 20, 21). Rozdil
mezi deskou Dokadur a Biodeskou je ale minimalni.
Hodnoty pevnostnich vlastnosti desky Doka 3-SO jsou
asi 0 30 % nizsi nez u nejlepsi desky dané konstruk-
ce Dokadur. Pteklizovana deska Dokaplex vykazuje
pevnost témét stejnou jako deska Dokadur. PlomaFoil
ma téméei o 20 % lepsi vlastnosti. Nejhorsi vlastnos-
ti v podélném sméru vykazuje OSB deska. Namétené
hodnoty jsou o 45 % nizsi nez hodnoty ostatnich de-
sek. V pfiéném sméru vykazuje vétsina desek podstat-
n¢ horsi vlastnosti nez ve sméru podélném. Vyplyva to
ze zpusobu pouzivani desek, které jsou kladeny pfi¢né,
takZe nejsou v pficném sméru namahany. U atypickych
konstrukci, kde se predpoklada pfiéné zatizeni, se pou-
zivaji preklizky. Tomu také odpovidaji naméfené hod-
noty. Desky tiivrstvé konstrukce vykazuji podstatné
niz$i hodnoty pevnosti v ohybu v pfi¢ném sméru nez
v podélném. U pieklizek jsou hodnoty v pficném smé-
ru nepatrné nizsi. Preklizky jsou proto idealni pro bed-
néni, kde mize vzniknout zatizeni v pficném sméru.
OSB desky odpovidaji v pfiéném sméru deskam tfivrst-
vé konstrukce.

Desky trivrstvé konstrukce vykazuji slabou neptimou
umeérnost co se tyka pevnosti v ohybu a slabou pfimou
umeérnost co se tyka modulu pruznosti. Da se tedy pred-
pokladat, ze vlastnosti v ohybu hustota materialu ovliv-
ky, a to prevazné tloustka jednotlivych vrstev. Preklizky
vykazuji u pevnosti v ohybu vysokou pfimou zavislost
a u modulu pruznosti zavislost stfedni. Lze tedy piedpo-
kladat, ze desky s vyssi hustotou budou i pevnéjsi. Desky
konstrukce OSB vykazuji jesté vyssi zavislost hustoty
a ohybovych vlastnosti. Zavislost ohybové pevnosti na
hustoté je vysoka a zavislost modulu pruznosti je znacné
vysoka (tab. 22).

Tvrdost podle Janka je vlastnost, ktera mize velmi
vyrazné ovlivnit opakovanou pouzitelnost (MATOVIC
1993). Jak je ziejmé z tab. 23-28, maji desky trivrstvé
konstrukce vyrovnanou tvrdost, kterd se pohybuje ko-
lem 29 N/mm?. U originalnich desek Dokadur je povrch
zpevnén specialnim tvrzenym natérem. Natér tak vytvari
krustu, ktera chrani desku proti promacknuti, a tim vy-
rovnava handicap, ktery maji desky dané konstrukce
proti deskam pteklizovanym. Tvrdost této krusty ovsem
neni mozné zachytit danou zkouskou. U originalnich pte-

klizek Dokaplex se tvrdost podle Janka pohybuje kolem
61 N/mm?. Diky této tvrdosti je mozny vysoky pocet
opakovanych pouziti. Tvrdy nosny material chrani povr-
chovou kiehkou folii proti promacknuti. Proto nevznikaji
povrchové trhliny a do desky i opakovanym pouzitim ne-
zatéka voda. Deska PlomaFoil je v tomto sméru o 25 %
horsi (45 N/mm?). Desky OSB jsou s pevnosti 41 N/mm?
podobné pieklizkam PlomaFoil.

Mezi deskami tiivrstvé masivni konstrukce nebyly
zjistény zadné zasadni rozdily, co se tyka fyzikalnich
a mechanickych vlastnosti. Pfi porovnavani se Biodeska
da nejvice pfirovnat k desce Doka 3-SO. Jeji vyhodou
je nizsi hustota, kterd zarucuje lepsi manipulovatelnost
pfi montazi. V nejdilezitéjsi vlastnosti, kterou je pev-
nost v ohybu podél vlaken, se deska umistila mezi des-
kou 3-SO a deskou Dokadur. Jeji cena 357 K¢&/m? bez
DPH je témét o 30 % nizsi nez cena desky 3-SO. Deska
ale neni dodavana s povrchovou tpravou. Pokud by se
pouzil néktery ze specialnich natérti, zvysila by se cena
a cenovy rozdil by potom nebyl tak markantni. Kvalita
povrchu by piitom odpovidala desce Dokadur, ktera je
nékolikanasobné drazsi. Deska Dokadur je mezi deskami
této konstrukce nejdrazsi a celkové je druhou nejdrazsi
ze zkouSenych desek. Deska je ale specidlné vyvinuta
pro maximalni mozny pocet pouziti. Ma velice kvalitni
povrchovou Upravu a hrany upraveny plastovym ramem.
Pro velké stavebni firmy, které vytvateji stropni bedné-
ni velkych ploch, u kterych se neptedpokladaji atypické
tvary, mize byt tato deska diky vysoké zivotnosti i pies
svou cenu vyhodnou investici.

Preklizky jsou materidlem pro vyrobu bednéni pro
pfi stavbé mostl. Deska DokaFoil i pfes svou o 3 mm
mens$i tloustku vykazala o 20 % vyssi pevnost v ohybu
v podélném sméru nez deska Dokaplex. Tvrdost je sice
0 25 % nizsi nez u desky Dokaplex, ale i tak je nadpri-
meérna. Jeji cena je ptitom o 80 % nizsi. Deska konstruk-
ce OSB vykazala ohybové vlastnosti spise mirné pod-
pramérné. Podle katalogovych listi, které jsou k deskam
této konstrukce dostupné, byly takto naméfené hodnoty
podstatné nizsi. Jejich dalsi nevyhodou je pomérné velka
zména tloustky vlivem bobtnani. Maji ovSem kvalitni
povrchovou upravu a tvrdost srovnatelnou s pieklizka-
mi. Podle vysledki zkousek lze tyto desky doporucit
pro mén¢ naro¢na bednéni. Da se u nich predpokladat
vysoka obratkovost.
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