
 

 

 

Simplified Testing Approach for Predicting Pull-out Strength of Glued-in Rods 

Gwang-Ryul Lee1, Jaewon Oh2, Kyung-Sun Ahn3, Min-Jeong Kim4, Sang-Hyun You5, Hae Seon 
Hwang6, Haegyu Lee7,Chul-ki Kim8, Keon-ho Kim9, Jung-Kwon Oh10 

ABSTRACT: This study investigates simplified testing approach for predicting the pull-out strength of glued-in rods 
(GiRs) in Japanese Larch timber. A simplified approach using material parameters (shear strength and mode II fracture 
energy) derived from epoxy-bonded small wood specimens is suggested to streamline the testing procedure for theoretical 
model which requires fully-assembled GiR test to determine material parameters. Four empirical models and one theoretical 
model with simplified approach were evaluated against experimental results from GiR specimens with varying rod 
diameters (16, 19, and 24 mm) and anchorage lengths (200, 300, and 400 mm). The research demonstrates that two 
empirical models and theoretical model provide good estimation of pull-out strength of GiRs. However, only the theoretical 
model with simplified approach maintains prediction accuracy within 10% of experimental values and does not show 
geometry dependency that is confirmed by statistical analysis. The results indicate that directly measured material 
properties from small bonded wood specimens can effectively replace parameters that were determined through resource-
intensive testing of full GiR assemblies. This methodology offers a practical alternative for engineers designing GiR 
connections in Japanese Larch and potentially other timber species. 
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1 – INTRODUCTION 
In recent decades, timber have gained significant attention 
as a sustainable structural material, driven by growing 
environmental concerns and advancements in 
manufacturing technology.[1], [2] While traditional 
timber connections using mechanical fasteners such as 
nails, bolts, and dowels have been widely utilized, they 
often suffer from drawbacks including tightening-stresses, 
initial slippage, limited ductility/dissipation capacity , and 
vulnerability to fire exposure[2]-[5].  

Glued-in Rod (GiR) connections have emerged as an 
innovative alternative that addresses many of these 
limitations. These connections, consisting of steel or 
fiber-reinforced polymer rods bonded into pre-drilled 
holes with structural adhesives, offer superior load-
bearing capacity, enhanced aesthetic appeal and fire 
resistance through concealed fastening [6]-[8]. 
Additionally, GiRs enable efficient force transfer while 
maintaining the structural integrity of timber elements.: 

Despite their advantages, accurately predicting the pull-
out strength of GiRs remains challenging due to the 
complex interaction between timber, adhesive, and rod 
materials. Numerous researchers have proposed empirical 
models based on experimental results [7] and [9]-[19]. 
These studies have broadened our knowledge of GiRs, 
showing that GiRs strength is influenced by multiple 
factors such as rod diameter, anchorage length, adhesive 
types and thickness, wood density and loading conditions. 
However, these models often lack validation across 
different timber species and geometric configurations. 
This limitation is intrinsic to empirical approaches, as they 
may not account for all variability in material properties 
among different wood species. So validations for various 
species and configurations are needed to reliably predict 
the strength of GiRs using these empirical models. 

Not only empirical models, but theoretical models were 
developed [20], [21]. In [20], the authors attempted to 
explain the behavior of GiR system by incorporating 
Volkersen theory [22] and non-linear fracture mechanics 
[23]. They derived quite simple form of equation to 
predict GiR pull-out strength. Another model [21] 
suggested the stress distribution equations of shear, 
normal, radial and hoop stress by solving the governing 
differential equations. Both approches show good 
accuracy for evaluating GiR strength, but their practical 
utility is limited due to the requirments for further efforts 
to utilize these models. Former model typically requires 
extensive testing of GiR specimens with varying 
geometric configurations to determine essential 
parameters like shear strength of rod-adhesive-timber 
systems and material property length parameter. Latter 
one needs sophisticated numerical calculations and 
computational assistances. Such procedures exhibit a 
degree of complexity, potentially constraining the 
practical application of this theoretical models.  

The present study has two primary objectives: to validate 
existing empirical models for predicting pull-out strength 
of GiRs specifically in Japanese Larch, and to propose a 
simplified approach to predict the pull-out strength of 
GiRs using theoritical model in [20]. Rather than 
conducting tests on full GiR assemblies with different 
configurations, this research investigates whether the key 

parameters for prediction model can be derived from tests 
on epoxy-bonded small wood specimens. This approach, 
if validated, would significantly streamline the testing 
process while maintaining prediction accuracy, thereby 
facilitating the broader adoption of GiR technology in 
structural applications. 

2 – BACKGROUND  

2.1 Existing Empirical Models 

The analysis and strength prediction of Glued-in Rod 
(GiR) connections present significant challenges due to 
the complex interaction between three distinctly different 
materials: timber, adhesive, and rod. This multi-material 
system creates complex stress distributions and failure 
modes that are difficult to model using purely theoretical 
approaches. So empirical models were mainly proposed 
rather than theoretical models [24], to predict the pull-out 
strength of GiRs. These models aim to simplify the 
complex behavior into practical design equations that can 
be readily applied by engineers.  

The pioneer of this field, Riberholt presented an 
empirically-derived equation (1) and (2) that incorporated 
fundamental parameters such as material density, rod 
diameter, bonded length, and withdrawal parameter [14].  

   (1) 

   (2) 

This equation explains that the strength of GiR depends 
on geometry factors dh and l, and material properties , 

 and . and  are determined by types of 
adhesives. The value of former factor is 650, 520 N/mm1.5 
and latter factor is 46, 37 N/mm2 for non-brittle and brittle 
adhesives respectively. This model reflect the phenomena 
that the strength of GiR does not increase proportionally 
with anchorage length. 

In German code DIN 1052, following equation can be 
founded for withdrawl resistance of GiR [18]. 

  R  (2) 

   (3) 

   (4) 

According to [25], this equation was investigated as the 
most prefered model among design methods of GiR. 
Similar with [14], the influence of anchorage length for 
improving pull-out strength is reduced as anchorage 
length increase. This equation does not consider the effect 
of timber density, while most empirical equations include 
it as material parameter. 

The pre-version of Eurocode [26] presented an 
empirically-derived equation that incorporated 
fundamental parameters such as timber density, rod 
diameter and glued-in length.  

  R  (5) 

   (6) 

Unlike (1) and (4) that account for the diminishing effect 
of increasing bond length on pull-out strength, this model 
considers the reduction in pull-out strength increasement 
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as the hole diameter increases. Equation (5) was modified 
to (7) in [7] to reflect the effect of adhesive’s type and 
thickness. 

  R  (7) 

   (8) 

   (9) 

Recently, the draft of prEN 1995-1-1 Eurocode 5 [27] 
revised the model to address the influence of adhesive 
thickness or anchorage length. While maintaing the 
concept of (5) the withdrawal strength  is newly defined 
to follow EN 17334.  

Another models regarding slenderness ratio ( ) as main 
parameter were developed. In [9], the decreasing nominal 
shear strength was founded as slenderness ratio increases. 
Equations (10) and (11) was proposed to account for this 
behavior. 

  R  (10) 

   (11) 

The authors limited the validity of this equation only for 
slenderness ration 7.5-15, and rod diameters 12-20 mm 
which are typical configurations for practical application. 

Similar with (11), according to [11] the withdrawl 
resistance of GiR can be predicted by incorperation of the 
geometry factors such as diameter of hole, anchorage 
length and slenderness ratio, and material properties of 
timber and joint. 

  R  (12) 

   (13) 

   (14) 

While these approachs provide simplified methods to 
predict the stiffness of GIRs, they demonstrate notable 
limitations: as these equations are derived from empirical 
models, the validations with different test set-up are 
needed. 

2.2 Theoretical models 

Equation (15), which is derived from the solution of 
governing differential equations, was proposed by 
Hassanieh et al. [21] enabling a more detailed analysis of 
stress distribution patterns. 

   (15) 

 
   (16) 

While this approach demonstrates good accuracy, its 
application is constrained by the requirement for complex 
numerical methods and computational procedures, 
rendering it less suitable for practical. 

Another theoretical approach founded upon Volkersen’s 
theory and non-linear fracture mechanics(NLFM) was 
developed in [20].  

   (17) 

   (18) 

   (19) 

   (20) 

As seen in (17)-(20), the GiR withdrawl resistance is 
affected by geometry parameters such as cross section 
area of rod and timber, diameter of rod and anchorage 
length. Also, the material parameters, e.g. the modulus of 
elasticity of rod and timber, shear strength and fracture 
energy of GiR system, are needed to predict GiR 
capacity.This methodology offers a more comprehensive 
representation of GiR behavior by accounting for the non-
uniform distribution of shear stress along the adhesive line, 
with stress concentrations at the terminal regions.  

This model have been reported to show good accuracy to 
evaluating the pull-out strength of GiRs in many 
researches [11], [28], [29]. However, two of material 
parameters, the shear strength ( ) and mode II fracture 
energy ( ) should be determined by testing GiR 
specimens with different configurations. These two 
factors should be fitted to experimental data of fully 
assembled GiRs which needs fairly high endeavor both in 
aspect of time and costs. 

2.3 Simplified approach 

Glued-in rod connections can experience failure in five 
distinct zones: 1. rod failure, 2. rod-adhesive interface 
failure, 3. cohesive failure within the adhesive, 4. 
adhesive-timber interface failure, and 5. timber failure. 
These failure modes have been extensively documented 
in previous studies [10], [20], [30]. Among these, 
interface failures are generally considered the most 
critical to avoid in practical engineering applications [31], 
[32], as they often lead to brittle and unpredictable 
structural behavior. In GiR connections, this risk can be 
mitigated by using adhesives with high bonding capacity 
to both timber and steel, such as epoxy resins. Numerous 
studies on pull-out tests of epoxy-based GiR connections 
have consistently reported an absence of rod-adhesive 
interface failures [10], [20], [29], [33], [34], indicating 
good adhesion property of epoxy with steel rods. 

If we assume that rod-adhesive interface failure does not 
occur—which can be verified through shear testing of 
timber-adhesive-steel assemblies—then the pull-out 
strength of GiR connections would be governed by either 
rod failure or adhesively bonded wood performance. 
Since rod failure can be easily calculated as the product of 
steel tensile strength and rod cross-sectional area, the 
critical unknown becomes the performance of the bonded 
wood component. 

This understanding forms the foundation of our simplified 
approach. Rather than determining material factors from 
complex and resource-intensive tests on fully assembled 
GiR specimens, this study proposes using data obtained 
from epoxy-bonded small wood specimens to predict the 
strength of epoxy-based GiR connections. This approach 
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is expected to significantly reduces testing complexity 
while maintaining prediction accuracy, thereby offering a 
more practical method for engineering applications.

3 – Materials and methods

3.1 Materials

3.1.1 Timber

Japanese larch (Larix kaempferi) glued-laminated timber 
(GLT) was used in this study. The GLT was manufactured 
under controlled conditions with moisture content 
maintained below 12% and an average air-dried density 
of 560.7 kg/m³. Following practical engineering 
applications, standard material properties according to KS 
F 3021 [35] were adopted. The material properties of GLT 
is demostrated in Table 1.

Table 1.Material properties of Japanese Larch.

Property Value(Mpa)

Bending strength (characteristic) 10

Modulus of elasticity of bending 
(average)

9000

Table 2. Material properties of HIT-RE 500 V3.

Property (after 7 days) Value(Mpa)

Tensile strength (average) 49.3

Compressive strength (average) 82.7

Modulus of elasticity (average) 2600

Table 3. Material properties of SS275.

Figure 1. Configuration of bonded wood specimen.

3.1.2 Adhesive

A commercial two-component epoxy adhesive (HIT-RE 
500 V3) was selected due to its good bonding properties 
with both steel and timber. The mechanical properties of 
this epoxy adhesive, as provided by the manufacturer [36], 
are listed in Table 2.

3.1.3 Steel Rods

Grade SS275 threaded rods, conforming to KS D 3503 
[37], were utilized in this study. These rods were selected 
for two primary advantages: enhanced bond strength 
through increased surface area, and facilitation of rapid 
assembly through nut connections. The material 
properties of these rods are presented in Table 3.

3.2 Specimen Design and Preparation

3.2.1 Bonded Wood Specimen

To determine the shear strength and fracture energy of 
adhesively joined wood, 50 specimens that are bonded 
with two-component epoxy adhesive were prepared. The 
nominal dimensions and configuration are detailed in Fig.
1. Specimens were cured at 25°C for 3 days.

3.2.2 GiR Specimen

The specimens were designed with dimensions of 150 mm 
× 150 mm cross-section to ensure compliance with 
minimum edge distance requirements [38]. By inserting 
rods into opposite sides of the GLT as shown in Fig. 2, 
testing under practical pull-pull loading conditions were 
designed. Key geometric variables included:

Rod diameters: 16, 19, and 24 mm

Anchorage lengths: 200, 300, and 400 mm

Three replicate specimens were fabricated for each 
configuration.

Figure 2. Detailed glued-in rod specimen configurations

Property Value(Mpa)

Tensile yield strength (average) 275

Tensile ultimate strength (average) 400

Modulus of elasticity (average) 210,000
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The specimen preparation process followed these 
procedures:

1. Holes were drilled with diameters 2-3 mm larger 
than the rod diameter

2. Hole depth was extended 10 mm beyond the 
intended anchorage length

3. Epoxy adhesive was injected into the pre-drilled 
holes

4. Rods were inserted and centralized using 
external fixation to prevent eccentricity

5. Specimens were cured according to 
manufacturer's recommendations

3.3 Testing Setup and Procedure

3.3.1 Bonded Wood Specimen Testing

The concept of test configuration is inspired by [39] and
[40]. The main purpose for this experimental setup is to 
get stable load-displacement curve under shear load. The 
specimens were fixed by adjusting bolts and lateral 
supports to avoid the rotation and Mode I failure as 
illustrated in Fig. 3. Load was implied on the side of 
fixture near roller at a loading rate of 0.5mm/min. Linear 
variable displacement transducers (LVDTs) were 
installed on the load cell and measured the displacement 
of loading block.

Figure 3. Test set-up configuration of bonded wood specimens

Figure 4. Test set up configuration (a) schematic representation (b) 
actual setup configuration.

3.3.2 GiR Pull-out Testing

The experimental setup employed a 1000 kN capacity 
load cell as illustrated in Fig. 4. Based on preliminary tests 
where single-nut configurations experienced premature 
failures, double nuts were adopted to ensure proper load 
transfer and prevent unintended failure modes.

During testing, one side of the specimen was fixed while 
a tensile force was applied to the opposite rod at a constant 
loading rate of 2 mm/min. The test continued until a 
significant load drop occurred, indicating failure. All data 
including load and displacement measurements were 
continuously recorded throughout the test.

4 – RESULTS

4.1 Determining shear strength and fracture energy

For loads under 50 N, the inclination of load-displacement 
curve were assumed same with the average value for 

0.1Fmax 0.4Fmax. The typical curves are shown in Fig. 5.
(a) and Fig. 5. (b), which represents unstable curve and 
stable curve respectivly. Among 50 specimens, 39 of them 
showed sudden failure after peak loads and only 11 
specimens showed stable curves.

Even though shear failure occurred, some extent loads 
were observed. The main reasons for these forces are 
thought of as the unintended resistance owing to non-
planar fracture surfaces as illustrated in Fig. 6 . The 
interference between two blocks might occurred after 
shear failure of epoxy-bonded specimens. These forces 
must be eliminated to calculate the mode II fracture 
energy. The magitude and the onset point of residual 
forces are needed to accurately remove the residual forces. 
However, distinguishing it from test curves was 
impossible in this research. Instead, the amount of 
minimum forces in each declining curves were substrated 
from all loads after the peak point. Fig. 7 shows the load-
displacement curves including and excluding residual 
forces. Mode II fracture energy of epoxy-bonded small 
wood specimens were caculated based on the curves 
which is not containing residual forces.

Figure 5. Load-displacement curves of small bonded wood specimens 
example of (a) unstable curve (b) stable curve.
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Figure 6. Non-planar surface of failed specimen. 

 

Figure 7. Example of subtracting residual forces. 

Mean shear strength is calculated from all specimen, and 
mean mode II fracture energy is calculated from 11 
specimens that showed stable load-displacement curves 
because evaluating fracture energy based on unstable 
curves leads to erroneous results [41]-[43]. The result is 
demonstraed in Table 4. In [20], the authors suggested 
material parameters  and  as 10.5 MPa, 1.89N/mm 
respectivly for determining average pull-out strength of 
GiRs when using epoxy adhesives. There are significant 
difference with this research’s test result. Furthermore, 
according to [44], which provided the basis for in prEN 
1995-2 [45], the recommended values for calculating 
average pull-out load resistance are  = 8.10 MPa and C 
= 0.0167. However, based on the values in Table 4,  and 
C were calculated as 7.95 MPa and 0.0197, respectively. 
This suggests that even when using the similar epoxy-
based adhesive, these parameters can vary significantly 
depending on the timber species and specific adhesive 
formulation. Therefore, it is questionable whether using 
identical material parameters for all GiR connections as 
suggested in prEN 1995-2 [45] is appropriate. 

Table 4. Test results of epoxy bonded wood. 

Property Value 

Shear strength (average) 7.950 Mpa 

Mode II fracture energy (average) 2.066 N/mm 

 Table 5. Results of GiR pull-out tests. 

4.2 Pull-out test results 

Table 5 shows the average pull-out strength according to 
different configurations. Results from specimens with nut 
failure were excluded; all remaining specimens failed due 
to shear failure in the timber. As demonstrated in many 
empirical models, the increase in pull-out strength with 
increasing rod diameter is significant. This is attributed to 
the larger bond area that allows for better load distribution 
as diameter increases. In contrast, the effect of increasing 
anchorage length on strength enhancement is relatively 
minor compared to that of diameter. Comparing 
specimens 19-200 and 19-300, despite 1.5 times increase 
in anchorage length, the strength only increased by 
approximately 20%. This phenomenon can be explained 
by Volkersen theory: while increased length provides 
better load distribution, it simultaneously leads to higher 
stress concentrations at the end side of the GiR connection. 

4.3 Comparison of models 

Table 6 shows the mean test results and prediction value 
caculated by model 1-5. The density of wood was 
560.7kg/m3, and in model 4 and 5, the shear strength and  
mode II fracture energy were 7.95 Mpa and 2.066 N/mm 
as determined by small epoxy bonded small specimen 
experiment result. 

It seems that empirical models generally overestimate the 
pull-out resistance of GiRs while theoritical model 
evaluate the performance conservatively. Among 
empirical models, model 1 and model 4 showed good 
accuracy for predicting the strength of GiRs. Model 1 
showed prediction to test result ratio(Pmodel/Ptest) ranging 
0.96-1.18, and model 4 showed Pmodel/Ptest  values ranging 
0.98-1.17. Model 5 with simplified approach 
demonstrated good estimation of GiR strength showing 
Pmodel/Ptest values from 0.90-1.01.  

Although model 1 and 4 well evaluated the strength of 
GiRs, it seems that there exist geometry dependency on 
model’s accuracy in case of empirical models. For 
example, as seen in Table 6, model 1-3 show to higher 
Pmodel/Ptest ratio value as anchorage length increases while 
model 4 show opposite tendency. In case of rod diameters, 
as they increase, the Pmodel/Ptest ratio become smaller in 

Specimen 
Name 

Ptest 

(kN) 
COV 
(%) 

16-200 70.10 5.10 
16-300 79.15 12.42 
19-200 87.47 6.54 
19-300 104.53 6.54 
19-400 104.06 2.19 
24-300 136.57 6.83 
24-400 146.05 15.35 
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model 1 and 2, while converse protensity is observed in 
model 4. To statistically verify the effect of geometry 
factors on models accuracy, t-tests between all 
configurations were conducted. The null hypothesis(H0: 
u1 = u2) was rejected if p-value is caculated lower than 
0.05. Model 5 was the only one where all configurations 
maintained the null hypothesis (H0: u1 = u2) at the 5% 
significance level as seen in Table .7. This suggests that 
while model 1-4 ‘s accuracy might be affected by 
geometry factors, model 5 shows consistent accuaracy 
regardless of geometric parameters changes. 

Model 5 with simplified approach, not only demonstrates 
good agreement with experimental results and geometry-
independent accuracy but also offers the advantage of 
using  and  values with direct physical meaning 
rather than data-fitted parameters. Table 8 lists the  and 

 values fitted to this study's test results. Depending on 
the GiR configurations selected to determine these 
material factors,  and can vary substantially. In our 
experimental results,  varied from approximately 6.3 to 
11.1 MPa, while  ranged from about 2.1 to 4.5 N/mm. 
Since these values are fitted to experimental results rather 
than having inherent physical meaning, careful 
consideration is required when selecting which values to 
adopt. In contrast, when applying the simplified approach, 
we could directly use material properties while accurately 
predicting GiR pull-out performance within a 10% margin 
of error. 

This research has demonstrated the validation of empirical 
models for predicting GiR strength and presented a 
streamlined method for determining parameters in the 
theoretical model. . 

5 – CONCLUSION 

This research has validated existing empirical and 
theoretical models for predicting the pull-out strength of 
glued-in rods in Japanese Larch timber and presented a 
streamlined method for determining parameters in the 
theoretical model. The key findings can be summarized as 
follows: 

1. Among the evaluated empirical models, Model 1 
[14] and Model 4 [11] demonstrated good accuracy 
with prediction-to-test ratios ranging from 0.96-1.18 
and 0.98-1.17, respectively. However, statistical 
analysis revealed that these models exhibit 
geometry-dependent accuracy, limiting their 
reliability across different configurations. 
 

2. The theoretical model [44] with simplified approach 
showed consistent prediction accuracy regardless of 
geometric parameters, with prediction-to-test ratios 
ranging from 0.90-1.01. Statistical t-tests confirmed 
the geometry-independent performance of this 
model at the 5% significance level. 

 
3. The observed variability in fitted material 

parameters ( : 6.3-11.1 MPa; : 2.1-4.5 N/mm) 
from different GiR configurations highlights the 
limitations of using standardized parameters as 
suggested in some design codes, emphasizing the 
need for species-specific and adhesive-specific 
considerations. 
 

Table 6. Comparison of models predicting GiRs pull-out strength. 

Specimen 
Name 

Model 1[14] Model 2 [26] Model 3 [9] Model 4 [11] Model 5* [20] 

Pmodel 

(kN) 

Pmodel/ 
Ptest 

Pmodel 

(kN) 
Pmodel/ 
Ptest 

Pmodel 

(kN) 
Pmodel/ 
Ptest 

Pmodel 

(kN) 
Pmodel/ 
Ptest 

Pmodel 

(kN) 
Pmodel/ 
Ptest 

16-200 74.2 1.06 103.5 1.48 89.90 1.28 73.79 1.05 66.26 0.95 

16-300 90.9 1.15 155.2 1.96 117.80 1.49 77.62 0.98 79.87 1.01 

19-200 86.6 0.99 116.7 1.33 111.06 1.27 95.55 1.09 79.16 0.90 

19-300 106.1 1.01 175.0 1.67 145.53 1.39 106.91 1.02 96.32 0.92 

19-400 122.5 1.18 233.3 2.24 176.30 1.69 106.92 1.03 104.13 1.00 

24-300 131.3 0.96 206.8 1.51 194.77 1.43 159.88 1.17 122.88 0.90 

24-400 151.6 1.04 275.7 1.89 235.95 1.62 167.86 1.15 133.58 0.91 

* Test results of epoxy-bonded small wood specimen were applied for calculation. 
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While the brittle nature of epoxy adhesives presented 
challenges in measuring fracture energy, the simplified 
approach nevertheless demonstrated robust predictive 
capability. This approach is expected to expand the 
applicability of the theoritical model, which is regarded as 
a powerful model for predicting GiR strength.  

6 – Nomenclature 

 : Pull-out strength of GiR(kN) 

 : Density of timber 

 : Diameter of hole and rod (mm) 

l : Anchorage length (mm) 

f : Shear strength of material (MPa) 

 : Coefficients 

 : Shear strengh GiR (Mpa) 

 : Mode II fracture energy of GiR (Mpa) 

 : Coefficient of brittleness ratio 

 : Modulus of elasticity of rod and wood (MPa) 

 : Cross-section area of rod and wood(mm2) 
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