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ABSTRACT

In this work, the effect of decorative veneer type, wood structure and wood shape on the
dimensional stability was studied in a laboratory with a simulated heating system. Poplar/seven
layer plywood engineered hardwood (structure C) or a 9 mm thick poplar substrate layer wood
which contained the two veneer surface layers, structure A and structure B were used. The results
indicated that whatever the structure and decorative veneer of flooring were, the dimensional
stability of engineered wood flooring had a better performance in length; In width, with the same
structure and decorative veneer, the dimension stability of engineered wood flooring with the
veneer shape of mono-block was better than the shape of three splice; With the same decorative
veneer, the dimensional stability of structure C was best, the second was structure B, and structure
A was the worst; With the same structure, the dimensional stability of engineered wood flooring
decorated with birch was best, the second was eastern black walnut, the third was eucalyptus, and
maple was the worst. Thus, the engineered wood flooring of structure C decorated with birch
with mono-block veneer was judged to be better for the dimensional stability.

KEYWORDS: Engineered wood flooring, heating systems, dimensional stability, decorative

veneer, veneer shape.

INTRODUCTION

Over a period of time, the engineered wood flooring had been in common usage, as early
as 1970, it continued to be popular in Europe. Sawn wood or plywood makes up the engineered
wood flooring with a thin fancy veneer bonded onto poplar panels or plywood using melamine-

formaldehyde (MF) and urea-formaldehyde (UF) resins as hot press adhesive (Kim and Kim
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2006). Engineered wood flooring made up 1/3 of all floorings in the United States in 1999. At
the same time, 63.8 % of wood flooring was engineered wood flooring in Europe (Blanchet et
al. 2003). Engineered wood flooring increased the total yield by 39 % in China from 2004 to
2005, in addition, the engineered wood flooring output growth rate was increasing ranging from
5 to 20 % (Wang and Guo 2006). Engineered wood flooring exhibited a natural grain, provided
a fine comfort level, and had good stability, its use had flourished in home renovation (Chen et
al. 2015a, Guo et al. 2015).

Floor heating systems have a long story, as early as 400 B.C floor heating systems have been
used in Korea. When it began wood was used as fuel which maybe a gate or a desk, then the floor
heating systems have been improved many times for a variety of reasons, such as to avoid death by
carbon monoxide poisoning, etc. (Song 1996). Today, the indoor flooring heating systems consist
of a copper pipe instead of wood or briquettes installed with a narrow pitch in a cement mortar,
and the hot water through the pipe as heating medium (Kim and Kim 2005). On the surface
of the floor, heat from the hot water is radiates to warm the air and human body. Floor heating
systems begin to be more and more popular especially in Korea, Koreans not only sit directly on
the floor heating systems but also sleep on the floor heating systems (Song 2005).

Because of the particularity of floor heating systems, the engineered wood floor put in the
floor heating systems must be a good performance, such as dimensional stability. Blanchet et al.
(2005) found that the non-homogeneous adsorption or desorption of moisture by engineered
wood flooring may induce its deformation, thus decreasing the product value. Therefore, do a
lot of researches to solve this problem. Blanchet et al. (2005) developed a three —dimensional
finite element model of the hydro mechanical cupping in layered wood composite flooring. By
this finite element model, the shrinkage and swelling of each layer can be taken into account.
Fang et al. (2012) found that densified sugar maple treated by oil-heat showed lower swelling in
the width and length directions than non-densified sugar maple. Reinprecht et al. (2013) found
that dimensional stability of wood can be improved by various modification processes, such as
silicones.

This research focused on finding the effect of decorative veneer, structure and wood shape
of engineered wood flooring on dimensional stability. The dimensional stability is an important
index to evaluate the quality of the flooring, especially the engineered wood flooring in heating
systems. Because of great changes for the temperature and humidity, it is easier to change the
dimension of the flooring (Blanchet 2008). Therefore, the aim of the work is to find the better
kind of engineered wood flooring in heating systems and provide technical support for improving
dimensional stability of engineered wood flooring used in heating systems.

MATERIAL AND METHODS

Materials

The experimental materials were all Engineered wood flooring provided by Dare (Jiangsu)
Parquet Col, Ltd., which was located in Danyang of Jiangsu province in China. The floorings
can be divided into three forms according to the structure. As shown in Fig. 1, structure A was
composed of 4 mm thick decorative face (upper) veneer, 9 mm thick poplar core boards and
2 mm thick poplar back (lower) veneer. Structure B was made of 4 mm thick face plates which
contained 1.2 mm thick decorative face (upper) veneer and three-layer plywood, 9 mm thick
poplar core boards and 2 mm thick poplar back (lower) veneer. Structure C consisted of 1.2 mm
thick decorative face (upper) veneer, seven-layer core plywood and 2 mm of poplar back (lower)
veneer (Chen et al. 2015b).
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Fig. 1: Three forms of structure A), B), and C) of engineered wood flooring: a) decorative face (upper)
veneer, b) core board, ¢) back (lower) plywood, and d) plywood

The structures in accordance with the form of decorative veneer can fall into two types:
mono-block (Fig. 2a) and three splice (Fig. 2b). The floorings with structure A and C owned
two types of decorative veneers and structure B only had one type of decorative veneer: mono-
block. All of the mono-block samples had the dimensions: 910 x 125 x 15 mm (length x width x
thickness), and the three splice samples had the dimensions: 2200 x 205 x and 15 mm.

a) b)
Fig. 2: The two types of decorative veneers: a) mono-block and b) three splice.

Methods
Testing environment and equipment

We conducted the experiments in a heating system which simulated the normal heating
conditions and included a laboratory room with the model of DKC18 manufactured by O.S.Panto
S.r.l (Italy). The layout of the laboratory was shown in Fig. 3, hot water pipes were laid in the
cement mortar ground, and the control system installed outside adjusted the temperature of the
pipes. Polyethylene film with the thickness of 1 mm was covered above the cement floor on which
laid the engineered wood floorings. In addition, there was a humidifier in the laboratory room
adjusting the humidity by spraying into water vapor.

Engineered Wood Flooring

Cement Mortar Ground

Fig. 3: The testing environment.

Plan of the experiment

Two factors were considered. The first one was to test the dimensional stability of engineered
wood flooring with different structures. All samples kept the same decorated veneers, there were
a total of five groups’ samples. Structure A in mono-block veneer shape and three splice veneer
shape; structure B in three splice veneer shape; structure C in mono-block veneer shape and three
splice veneer shape. The second factor was the type of decorated veneers. There were a total of
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eight groups’ samples. Structure A in mono-block with four different decorated veneers (Maple;
Eastern black walnut; Eucalyptus and Birch) and structure A in three splice with four different
decorated veneers (Maple; Eastern black walnut; Eucalyptus and Birch).

At first, measure and record the primary dimension of each engineered wood flooring
sample. As Kang et al. (2003) have explored, the ideal flooring surface temperature may range
from 22.0 to 38.8°C, the simulated environment: high temperature environment similar to the
environment in winter (indoor temperature 25+2°C, relative humidity 25+5 %) was chosen. Then,
the control system of the laboratory was opened and the temperature set to 25°C. A few hours
later, the indoor temperature reached the specified temperature. Afterwards, place all the samples
on the polyethylene film in the laboratory with the decorative veneers facing up. In addition, each
sample was adjacent but not connected. Measure and record the changed length and width every
five days.

Dimension measurement

The dimension of floorings was measured using a tape measure and a caliper. Measure and
record the changed length and width every five days. The specific method of measuring the
dimension referred to national standard GB/T18103-2013 (2013). The method was shown in

Flg 4, The measuring line of
20mm length

| 20mn
o [ /AR — ..

Central point

The measuring line of width

Fig. 4: The measurement of length and width.

Analysis measurement
The dimension stability in this research was represented by dimensional change ratio in
length and width. Specifically:
L =575 <100 %) )
i
where: L, - The dimensional change rate in length (%),
L, - The primary dimension in length (mm),
L; - The dimension after processing in length (mm).
W, = 5T 100y %) @
a
where: W, - The dimensional change rate in width (%),
W - The primary dimension in width (mm),
W, -The dimension after processing in width (mm).

RESULTS AND DISCUSSION

Dimensional stability in length

Tab. 1 showed the measuring results of dimensional stability in length by comparison of
primary length, final length and the dimensional change ratio in length when the structure of
flooring was different as eastern black walnut decorated the veneer.
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Tab. 1: The dimensional stability in length with different structures.

Veneer shape Length index Structure A Structure B Structure C
L, (mm) 909.9 910.0 910.0
Mono-block L; (mm) 909.9 910.1 910.0
L. (%) 0 0 0
L, (mm) 2200.0 - 2200.0
Three splice L; (mm) 2200.1 - 2200.0
L. (%) 0 - 0

Tab. 2 showed the measuring results of dimensional stability in length by comparison of
primary length, final length and the dimensional change ratio in length when the decorative
veneer type was different as same structure in different veneer shape.

Tab. 2: The dimensional stability in length with different veneer type.

Veneer shape | Lengthindex Maple Easvt:lr:uliaCk Eucalyptus Birch
L, (mm) 910.1 909.9 910.1 910.0
Mono-block L; (mm) 910.1 909.9 910.2 910.1
L, (%) 0 0 0 0
Ly (mm) 2199.7 2200.0 2200.0 2200.0
Three splice L, (mm) 2199.8 2200.1 2200.2 2200.1
L, (%) 0 0 0 0

From Tabs. 1 and 2, it can be seen that whatever the structure and decorative veneer of
flooring were, there was minimal change of dimension in length. There may be two reasons. In
the way of wood anatomical structure, wood consisted of cells which almost arranged along a
longitudinal direction, the secondary wall was with the greatest thickness which made up the cell
walls. The micro fibril angle was small and dimension mostly changed in length between micro
fibril. In the way of wood chemical structure, cell walls were made of cellulose, in length direction
of cellulose was hydrophobic with C-O bonds which led to the minimal change of dimension in
length (Panshin et al. 1991, Liu and Meng 2003). That was to say, the dimensional stability of

engineered wood flooring in length was better.

Dimensional stability in width

Tab. 3 showed the measuring results of dimensional stability in width by comparison of
primary width, final width and the dimensional change ratio in width when the structure of
flooring was different as eastern black walnut decorated the veneer.

Tab. 3: The dimensional stability in width with different structures.

Veneer shape Width index Structure A Structure B Structure C
W, (mm) 125.14 124.83 125.31
Mono-block W, (mm) 126.17 125.76 125.53
W, (%) 0.82 0.75 0.18
W, (mm) 204.99 - 204.78
Three splice W, (mm) 207.54 - 206.72
W. (%) 1.24 - 0.95
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Figs. 6 and 7 showed variation trend of width with the time going when the structure of
flooring was different with mono-block and three splice.

208 208
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2075 —4—Structure A
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2055

The dimension of width (mm)
The dimension of width (mm)
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Fig. 6: The width change trend of structure A, B Fig. 7: The width change trend of structure A and
and C in mono-block. C in three splice.

It can be seen from Tab. 3, Figs. 6 and 7, the engineered wood flooring would be swelling
in the experiment condition no matter what the structure was. That’s because the width of the
cellulose was hydrophilic with many hydroxyl groups and the water absorption of the hydroxyl
groups led to the changes in dimension (Kollmann et al. 1991).

When the shape of veneer was mono-block, the swelling efficacy of the floorings was ranked
as follows: structure A> structure B> structure C; when the shape of vencer was three splice,
the swelling efficacy of structure A was bigger than structure C. It was summarized that the
dimensional stability of structure C was best, the second was structure B, and structure A was
worst. This may be because the engineered wood flooring of structure C was multi-layer which
was made from plywood, it can’t completely avoid the gap between the layers which can play a
role of buffer in dimensional changes slowing the rate of swelling efficacy.

In addition, for structure A and structure C, the swelling efficacy of mono-block was bigger
than three splice. It followed that the dimensional stability of floorings with mono-block veneer
was better than three splice veneer. It was probably that the three splice veneer consisted of three
single veneers which had big difference in density and may not come from one tree and the
mechanical property of each single veneer was different which would lead to change in dimension
(Kollmann et al. 1991).

Tab. 4 showed the measuring results of dimensional stability in width by comparison of
primary width, final width and the dimensional change ratio in width when the decorative veneer
was different as using the structure A with mono-block and three splice.

Tab. 4: The dimensional stability in width with different veneer type.

Veneer shape | Widthindex | Maple | Easternblackwalnut | Eucalyptus | Birch

W, (mm) 124.89 125.17 125.09 125.39

Mono-block W, (mm) 126.71 126.13 126.31 126.19
W, (%) 1.44 0.77 0.98 0.64

W, (mm) 205.11 204.95 205.28 204.80

Three splice W; (mm) 208.31 207.52 207.92 206.39
W, (%) 1.56 1.25 1.29 0.78
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Fig. 8 and 9 showed variation trend of width with the time going when the engineered wood
flooring decorated with different types of veneers using structure A with mono block and three
splice.
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Fig. 8: The width change trend of structure A in  Fig. 9: The width change trend of structure A in
mono-block. three splice.

As shown in Tab. 4, with the same structure A and decorative veneer, veneer shape of mono-
block performed better in dimensional stability than veneer shape of three splice. As said above.

In Figs. 8 and 9, as the time going on, the width would increase whatever the decorative
veneer was. The width variation of maple and eucalyptus was larger than eastern black walnut
and birch. It is as the coefficient of shrinkage of four decorative veneer from small to large: birch
< eastern black walnut < eucalyptus < maple. The smaller the coefficient of shrinkage were,
the little the wood dimension variation would be (Wang and Li 2010). This showed that the
dimensional stability of engineered wood flooring which decorated with birch would be better.

CONCLUSIONS

1. Inlength, whatever the structure and decorative veneer of flooring were, the dimensional
stability of engineered wood flooring had a better performance.

2. With the same structure and decorative veneer, the dimension stability of engineered wood
flooring with the veneer shape of mono-block was better than the shape of three splice.

3. Inwidth, with the same decorative veneer, the dimensional stability of structure C was best,
the second was structure B, and structure A was the worst.

4. In width, with the same structure, the dimensional stability of engineered wood flooring
decorated with birch was best, the second was eastern black walnut, the third was eucalyptus,
and maple was the worst.

5. In conclusion, structure C decorated with birch with mono-block veneer was judged to be
better for the dimensional stability.

ACKNOLEDGMENTS

The authors are grateful for the support from the Science and Technology Project of Jiangsu
Province (No. BY2015006-04), the promotion project of forestry science and technology (No.

109



WOOD RESEARCH

2015-18), and the Priority Academic Program Development of the Jiangsu Higher Education
Institutions (PAPD).

10.

11.

12.

13.

14.

15.

16.

17.

18.

110

REFERENCES

Blanchet, P., 2008: Long-term performance of engineered wood flooring when ex-posed to
temperature and humidity cycling. Forest products journal 58(9): 37-44.

Blanchet, P., Beauregard, R., Cloutier, A., Gendron, G., Lefebvre, M., 2003: Evaluation of
various engineered wood flooring constructions. Forest Products Journal 53(5): 30-37.
Blanchet, P., Gendron, G., Cloutier, A., Beauregard, R., 2005: Numerical prediction of
engineered wood flooring deformation. Wood and Fiber Sci 37(3): 484-496.

Chen, Q.Q., Guo, X.L., Ji, F.T., Wang, J., Wang, J., Cao, P.X., 2015a: Warping and surface
checking analysis of engineered wood flooring for heating systems. BioResources 10(3):
4641-4651.

Chen, Q.Q., Guo, X.L,, Ji, FT., Wang, J., Wang, ]., Cao, P.X., 2015b: Effects of decorative
veneer and structure on the thermal conductivity of engineered wood flooring. BioResources
10(2): 2213-2222.

Fang, C.H., Blanchet, P., Cloutier, A., Barbuta, C., 2012: Engineered wood flooring with
a densified surface layer for heavy-duty use. BioResources 7(4): 5843-5854.

GB/T 18103-2013, 2013: Engineered wood flooring.

Guo, X.L,, Li, R.R., 2015: Effects of surface treatment on the properties of UV coating.
Wood Research 60(4): 629-638.

Kang, LK., Lee, D.W., Song, G.S., 2003: Development on control system of radiant floor
heating in apartment housing. In: Proceedings of 27th Symposium on Human-Environment
System. Pp 129-132, Chiba, Japan.

Kim, S., Kim, H.J., 2006: Study of miscibility of melamine-formaldehyde resin and poly
(vinyl acetate) blends for use as adhesives in engineered flooring. Journal of Adhesion
Science and Technology 20(2-3): 209-219.

Kim, S., Kim, H.J., 2005: Comparison of formaldehyde emission from building finishing
materials at various temperatures in under heating system; ONDOL. Indoor Air 15(5): 317-
325.

Kollmann, F.F.P,, 1991: Principles of wood science and wood technology: Solid wood.
China Forestry Publishing House, 526 pp.

Liu, PY., Meng, G.Z., 2003: Treatment for wood dimensional stability. China Wood
Industry 17(2): 24-26.

Panshin, A.J., 1991: Wood science. China Forestry Publishing House, 801 pp.

Reinprecht, L., Pinek, M., Dankovd, J., Murinovd, T., Mec, P., Plevovd, L., 2013:
Performance of methyl-tripotassium silanol treated wood against swelling in water, decay
fungi and moulds. Wood Research 58(4): 511-520.

Song, G.S., 1996: The status of the automatic control system for ONDOL. Air-
Conditioning and Refrigeration Engineering 25(4): 323-333.

Song, G.S., 2005: Buttock responses to contact with finishing materials over the floor
heating system in Korea. Energy and Buildings 37(1): 65-75.

Wang, X.Q,, Li, L., 2010: Dimensional stability of face veneer of parquet impregnated with
UF resin. Wood Processing Machinery 27(3): 29-34.



Vol. 62 (1): 2017

19. Wang, Z., Guo, X.L., 2006: Measure crosswise deformation amount of tenon and
mortise place on the high-quality laminate flooring products by means of dynamic signal

technology. Forestry Machinery and Woodworking Equipment 34(10): 11-12.

Xiaorer Guo, Hutvyun Wang, Qincaing CaeN, Bin Na
NANjING ForESTRY UNIVERSITY
Facurty oF MATERIAL SCIENCE AND ENGINEERING
159 Longran Roap
210037 NANJING, JIANGSU
CHINA

PHONE: 0086 25 85428716

Corresponding author: youngleiguo@hotmail.com

Lincring Huang, FEnG Xing
Power Dekor Grour Co., Ltp
Danvanc
Jianegsu
CHINA

111



WOOD RESEARCH

112



