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Abstract 

In this study, it was aimed to determine the thermal conductivity coefficient values of laminated 
wood materials produced with different layer orientation, according to wood species and adhesive 
type. For this purpose, 5-layers plywood, laminated veneer lumber (LVL), Kerto-Q-LVL and special 
type plywood (Q-plywood), which formed three rotary cut veneers in the inner layer parallel to 
each other, perpendicular to the outer layers, panels were produced. In the production of the 
panels, poplar (Populus deltoides), Scots pine (Pinus sylvestris L.)  and spruce (Picea orientalis L.) 
were used as a wood species and was used urea formaldehyde (UF) and phenol formaldehyde (PF) 
as adhesive types. The thermal conductivity coefficient measurements of the panels were carried 
out according to the ASTM C 518 standard. As a results of the study, the highest thermal 
conductivity coefficient value was obtained from Q-LVL panels produced using UF adhesive from 
spruce veneers. The lowest thermal conductivity values were obtained from plywood produced 
using PF adhesive from spruce veneers.  
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1. Introduction 

Wood and wood products have an important place in human life and in the development process of 
culture since ancient times and today. Molecular, chemical and microscopic properties of wood have 
enabled it to be used for a wide variety of purposes. In addition to these properties, its fibrous structure 
has led to its high strength and flexibility in engineering uses. In addition, it has often been the reason for 
preference in terms of its isolation properties (Öztürk and Arıoğlu, 2006). 

Laminated wood materials are obtained by bonding two or more layers and joining them in such a 
way that the fibre directions of the layers are parallel or perpendicular to each other. If the produced 
material is curved, the fibre directions of the layers must be applied in parallel. Laminated wood 
materials, different wood types, variable number of floors, different sizes, shapes, and coat thicknesses 
can be applied (Şenay, 1996). In the laminated wood material method, longer and wider wood materials 
can be produced from short and narrow-width wood materials. In addition, the quality properties of the 
wood product produced are better, since it allows the wood to be used by removing the defects of the 
material (knots, cracks, wormholes, irrigation, etc.). Due to the use of small-sized wood material, the 
waste rate in wood material decreases, which has an impact on the cost of the finished product (Perçin et 
al., 2009). The structure of the wood materials used in the production of laminated wood materials, 
surface roughness, pressing pressure, pressing time and the technical properties of the adhesive used are 
effective on the bonding and other mechanical strength properties of the materials (Keskin, 2003). 

Thermal conductivity is the flow of thermal energy through a unit thickness of a material under a 
temperature gradient and expressed by the coefficient of thermal conductivity (Kollman and Cote, 1968). 
It is a very important parameter in determining heat transfer rate and is required for development of 
drying models in industrial operations such as adhesive cure rate (Kol et al., 2008). Also, it must be known 
when choosing the insulation materials to attenuate fluctuation in the outdoor environment which 
maintains an indoor temperature that is independent of outdoor temperature fluctuations. The materials 
used for insulation must have good warmth-keeping properties such as lower thermal diffusivity to 
provide sufficient protection from severe temperature changes (Kawasaki and Kawai, 2006). Wood 
materials possess a superior thermal conductivity property compared to other building materials which is 
due to its porous structure of them (Gu and Zink-Sharp, 2005; Kruger and Adriazola, 2010). They are one 
of the preferred materials in many applications such as construction industry, refrigerators, automobile 
industry, and in the manufacture of barrels, because of their low thermal conductivity and high resistance 
(Gu and Zink-Sharp, 2005). Thermal conductivity of wood materials has varied according to wood type, 
direction of wood fiber, resin type, and additive members used in the manufacture of wood composite 
panels (Kamke and Zylkowoski, 1989). 

This study aimed to investigate the thermal conductivity coefficient values of laminated wood 
materials produced with different layer orientation, according to wood species and adhesive type. For this 
purpose, thermal conductivity tests were carried out by producing five-layer panels with 4 different layer 
orientations. 

 
2. Materials and Methods 

2.1. Material 

The peeling logs used in this study were obtained from the operating directorates of the General 
Directorate of Forestry. As wood species, the species commonly used in the laminated wood material 
industry were selected. Coniferous wood species; Scots pine (Pinus silvestris) and Eastern Spruce (Picea 
Orientalis) were selected. In addition, Hybrid Poplar (Populus deltoides I-77/51) clone was used in the 
study as a hardwood wood species in logs.  

The rotary cut veneer sheets with dimensions of 2 mm ×50 cm × 50 cm thickness were obtained 
from freshly cut logs. While the poplar veneers were manufactured from freshly cut logs, Scots pine and 
spruce logs were steamed for 12 h before veneer production. The horizontal opening between knife and 
nose bar was 85% of the veneer thickness, and the vertical opening was 0.5 mm in rotary cutting process. 
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The veneers were then dried to 6–8% moisture content with a veneer dryer. Two types of resins were 
used as adhesive, urea formaldehyde (UF) and phenol formaldehyde (PF) resins with 65% solid content. 
UF resin solutions used in the laminated wood materials manufacturing were composed of 100 parts UF 
resin, 30 parts wheat flour and 10 parts NH4Cl (with 15% concentration) as hardener, by weight. PF was 
used directly for the laminated wood materials. The adhesive was applied at a rate of 160g per cubic 
meter to the single surfaces of veneers with a four-roller glue spreader. The bonded veneer sheets were 
formed in 5 layers using 4 different layer orientations. The panel drafts formed are given in Figure 1. 

 

 
Figure 1: (a) 5-layer plywood, (b) 5-layer plywood with middle layers bonded in parallel (Q-Plywood), (c) 

5-layer LVL, (d) 5-layer KERTO Q-LVL, the dark coloured layers were placed perpendicular to the fibres 
 
Hot pressing time and temperature were applied as 10 minutes, 110°C for UF resin and 140°C for 

PF resin while press pressure was 12 kg/cm2. Two replicate plywood panels were manufactured for each 
test group. Test samples were conditioned to achieve equilibrium moisture content at 20°C temperature 
and 65% relative humidity prior to testing. 

The thermal conductivity of laminated wood materials was determined according to ASTM C 518 
(2004). Two specimens with the dimensions of 300×300×2 mm was used for each group. The Lasercomp 
Fox-314 Heat Flow Meter shown in Figure 2 was used for the determination of thermal conductivity. 

 
 

 
Figure 2: Lasercomp Fox-314 heat flow meter 

 

3. Results and Discussion 

The thermal conductivity coefficient values of the produced panels are given in Table 1 for each 
laminated wood material according to the wood species and adhesive type.  
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Table 1: Average values of thermal conductivity coefficient of the produced panels 

Wood Species Adhesive Type Panel Type Thermal Conductivity Coefficient 
(W/mK) 

Sc
ot

s p
in

e UF 

Plywood 
Q-Plywood 

LVL 
Q-LVL 

0.1017 
0.09594 
0.09611 
0.09123 

PF 

Plywood 
Q-Plywood 

LVL 
Q-LVL 

0.08778 
0.09171 
0.1020 
0.1034 

Sp
ru

ce
 

UF 

Plywood 
Q-Plywood 

LVL 
Q-LVL 

0.09388 
0.09621 
0.09249 
0.1093 

PF 

Plywood 
Q-Plywood 

LVL 
Q-LVL 

0.07277 
0.09738 
0.09629 
0.09419 

Po
pl

ar
 

UF 

Plywood 
Q-Plywood 

LVL 
Q-LVL 

0.09135 
0.09777 
0.09817 
0.09218 

PF 

Plywood 
Q-Plywood 

LVL 
Q-LVL 

0.09606 
0.09148 
0.08896 
0.09371 

 
As seen in Table 1, the highest thermal conductivity coefficient value was obtained from Q-LVL 

panels produced from spruce veneers using UF adhesive, while the lowest thermal conductivity values 
were obtained from plywood panels produced from spruce veneers using PF adhesive. The effects of layer 
orientation and adhesive type on thermal conductivity coefficient values differ according to wood species. 
Differences were observed between the thermal conductivity coefficient values of the panels in the same 
layer orientation produced with UF and PF adhesive. 

The thermal conductivity coefficient values of the panels produced by using UF and PF adhesives 
within the scope of the study; depending on the layer orientation, the wood species obtained, and the type 
of adhesive used. The thermal conductivity coefficient changes of the produced panels are shown in  
Figure 3. 

When the effect of the layer orientation on the thermal conductivity coefficient of the panels was 
examined, it was seen that the thermal conductivity coefficient values differed according to the adhesive 
type and wood species. Plywood for scots pine, Q-LVL for spruce; LVL for poplar gave the highest thermal 
conductivity values in UF adhesive. The lowest values were found in Q-LVL for Scots pine, in LVL for 
spruce, and in plywood sheets for poplar. Q-LVL for Scots pine, Q-Plywood for spruce, plywood for poplar 
gave the highest thermal conductivity values in PF adhesive. The lowest values were found in plywood for 
scots pine and spruce in LVL sheets for poplar. The differences between the thermal conductivity 
coefficient values of the groups are quite small. The ability to transmit heat in wood material varies 
according to the wood species and the direction of the fibres in the same wood, as well as directly related 
to the anatomical structure of the wood material (Berkel, 1970). In addition, it has been emphasized in 
many studies that the thermal conductivity value varies according to the tree species (Kol and Sefil, 2011; 
Rice and Shepard, 2004). In addition, density, moisture, amount of extractive material, fibre direction, 
structural irregularities such as knots, cracks and fibre angle, and temperature can be considered as 
effective the factors of the thermal conductivity of wood (Simpson and Tenwolde, 2007). 
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Figure 3: Thermal conductivity coefficient changes of laminated wood materials 

 
When the effect of wood species used in production on the thermal conductivity coefficient of the 

panels is examined, (the highest thermal conductivity coefficient values were obtained in Scotch pine for 
plywood panels in UF adhesive, in Poplar for Q-Plywood and LVL, in spruce for Q-LVL. The lowest values 
were found in poplar for plywood; Scotch pine for Q-Plywood and Q-LVL, in spruce for LVL. The highest 
values in PF adhesive were obtained in poplar for plywood panels in spruce for Q-Plywood, in scots pine 
for LVL and Q-LVL. The lowest values were found in spruce for plywood; Q-Plywood in poplar for LVL, Q-
LVL. It has been emphasized in many studies that the thermal conductivity coefficient value varies 
according to the wood species (Kol and Sefil, 2011; Rice and Shepard, 2004). Thermal conductivity in 
sheet products made of wood material; wood panels produced with various binders and fillers and 
additives added to them differ according to the type of binder and additives (Kamke and Zylkowoski, 
1989). Demirkır (2012) stated that factors such as wood type, coating drying temperature, peeling 
temperature, type of glue used in production affect the thermal conductivity values of plywood. 

When the effect of adhesive types used in production on the thermal conductivity coefficient of the 
panels was examined, the thermal conductivity coefficient values of the panels produced with UF adhesive 
were found to be higher than those of PF adhesive. The equilibrium moisture content of the panels 
produced with UF adhesive was found to be higher than that of PF adhesive. In the literature, it has been 
stated in the literature that thermal conductivity increases with the increase in humidity due to the high 
conductivity of water (Gu and Hunt, 2007; Kurt et al., 2008; Kol, 2009; Kol and Sefil, 2011). Kol et al. 
(2008), it was determined that the type of glue has a significant effect on the thermal conductivity values 
of laminated panels produced using UF and PF adhesives. 

When the thermal conductivity coefficients of the produced experimental groups were compared 
with the thermal conductivity coefficients of some wood-based panels, results were consistent with the 
literature (Kawasaki and Kawai, 2006). 

 
4. Conclusions 

1. The highest thermal conductivity coefficient value was obtained from Q-LVL panels produced 
using UF adhesive from spruce veneers. 

2. The lowest thermal conductivity values were obtained from plywood produced using PF 
adhesive from spruce veneers. 

3. The effect of layer orientation and adhesive type on thermal conductivity coefficient values differ 
according to wood species. Differences were observed between the thermal conductivity coefficient 
values of the panels in the same layer orientation produced with UF and PF adhesives. 
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