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Abstract 

This study examined the effect of Chromated Copper Arsenate (CCA) preservative treatment 

on selected mechanical properties of glue laminated Eucalyptus grandis wood. Test specimens 

were prepared and tested for Modulus of Elasticity [MOE], Modulus of Rupture [MOR] and 

shear strength using a Universal Testing Machine in accordance with ASTM D198 and BS373.  

The soaking delamination test was used to test for delamination percentage. The data was 

analyzed using the Levene’s test for the flexural properties (MOE and MOR) and one-way 

ANOVA test for the shear properties at 95% significance level. The results showed that MOE 

and MOR decreased in the treated glulam samples by 19.1% and 13.3% respectively. The shear 

strength properties also decreased in the treated samples by 3.3%. However, no delamination 

was found in all glulams. The treated wood glulams had lower MOE, MOR and shear strength 

properties than that of the untreated glulams but no significant differences in strength properties 

were detected.  In conclusion, treatment of the eucalyptus glulam with CCA does not 

significantly weaken its flexural and shear properties. It is recommended that glulams extracted 

from CCA treated Eucalyptus grandis should not be used for high structural purposes but could 

be used in light construction works. 
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1.0 Introduction 

Previously in Uganda, until early 2000s, tropical hard wood species were preferred in 

construction for furniture; batten bodies and other high value wood composites due to their 

authentic appearance and natural durability (Coulson, 2011). However, at present there is a 

reduction in exploitation of hardwoods species to allow for regeneration of the natural forests 

that were heavily degraded due to excessive extraction of hard woods (Zziwa et al., 2009).To 

cover the supply deficit, the demand for timber and other value added wood panel products has 

shifted to plantation species namely Eucalyptus, Cypress and Pinus sp (Wessels et al. 2014; 

Zziwa, et al., 2020). In fact, plantation grown Eucalyptus is currently the top of the previously 

lesser utilised species preferred for manufacturing a variety of products such as furniture, wood 

cabinets and house roofing. It has a high biomass accumulation rate resulting into a maturity 

span between 6-12 years depending on the end-use however, the average harvesting time for 

most construction works is 10 years (Sseremba et al., 2016).  
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Despite the fact that lesser utilized specialized species such eucalyptus are taking center stage 

to cover the wood supply gap, there are still setbacks on their wide scale utilization. For 

instance, compared to other substitute materials for construction, wood is more susceptible to 

deterioration from several environmental factors which include insect attacks and moisture 

variations (Temiz et al., 2010). When it occurs, the deterioration drastically decreases the 

strength properties of wood, which adversely affects the useful life of wood derived products 

(Isaksson et al., 2013; Brischke & Meyer-Veltrup, 2016 ). To extend the service life of 

eucalyptus derived wood products, several chemical treatment preservation methods are 

employed. The treatment involves use of either water-soluble preservatives like Ammoniacal 

Copper Quaternary (ACQ), Ammoniacal Copper Zinc Arsenate (ACZA) and Chromated 

Copper Arsenate (CCA), or oil-based preservatives such as Creosote (Yang et al., 2008). 

However, from recent research reports water-soluble preservatives are the most used and make 

wood more resistant to a wide range of xylophagous organisms (Boschetti et al., 2016). In 

Uganda, pressure impregnation with either Creosote or CCA are the two most commonly used 

wood preservation methods (Ssemaganda et al., 2011). However, concerning wood panel 

products, not much research has been done on the effect of CCA preservation on the mechanical 

behaviour of Eucalyptus wood especially in glue-laminated products a.k.a Glulam. Glulam 

products have been successfully applied in construction as building materials (Raftery & 

Whelan, 2014) because with application of Glulam technology timbers with low density can 

be improved to a higher grade (Mohamad et al., 2016; Mohamad et al., 2014). Nonetheless, 

because they are derived from wood they need chemical pretreatment to protect them from 

biological degradation (Wang et al., 2018).  

 

This study focused on evaluating the effect of CCA preservative treatment on delamination 

ratio, shear, and flexural properties of Eucalyptus. The study was based on the premise that 

understanding the effect of CCA on the mechanical properties of glue laminated eucalyptus 

will contribute to reduced wood wastage since glue laminated timber makes use of smaller and 

less desirable dimensions of timber engineered to be stronger and larger than the similar sized 

timbers made of solid wood. The study findings are envisaged to provide information to 

manufacturers and local artisans to improve their production processes.   

 

2.0 Materials and methods 

2.1 Materials 

In this study, 40 air dried structural timber pieces of 10-year-old eucalyptus grandis sized to 

25mm × 25mm × 2100mm were obtained from Namwasa sawmill located in Kassanda district. 

The moisture content of the pieces was conditioned to 12±3% prior treatment. Twenty (20) of 

the pieces were treated with CCA preservative prior gluing while the other 20 were glued 

without preservative treatment. The timber pieces were planned to 25mm in width. 
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                    Figure 1:  Specimen geometry of the lamella before gluing 

2.2 Sample preparation 

2.2.1 Preservative treatment 

The full-cell CCA pressure impregnation method was used to ensure preservative retention of 

the specimens. First, the wood specimens were placed into an impregnation vessel and 

preliminary vacuum was applied for 60 min (Francis and Zaidah, 2018), which removed some 

air from the wood to increase uptake and penetration of the preservatives into the wood. The 

preservative solution was poured into the vessel from a storage tank and pressure applied for 

2hrs at a pressure of 1.38N/mm2 (Francis and Zaidah, 2018). A final vacuum was applied for 

15min, to remove excess preservatives from the wood following the treatment as per the AITC 

109.1 (2007) standards for preservative treatment of Structural Glued-Laminated Timber. 

 

2.2.2 Manufacture of the glulam 

The glulam of both treated and untreated specimens was made of two pieces of timber with 

lamella size of 20 mm × 40 mm × 300 mm in length. Polyurethane adhesive (PUR) was applied 

with a spreading ratio of 0.26kg/m2 as recommended for use at these standard conditions 

(Henkel, 2015 and Pröller, 2017). The pH value, density and gelation time were; 7.0, 1.1g/cm3 

30mins in regards to (Francis and Zaidah, 2018).  respectively, and the lamellae was pressed 

together using clamps (Fig 2). After gluing, the dimensions of the glulam were 40 mm in 

thickness, 20 mm in width and 300 mm in length in accordance to ANSI/AITC standard A190.1 

for structural glue laminated timber. 

 

 

Figure 2: Fabrication of the glulam 
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2.3 Laboratory tests 

2.3.1 Bending test 

The specimen for the bending test was 40mm in thickness, 20 mm in width and 300 mm in 

length in accordance to ASTM D3737 (2007).  

 

 

Figure 3: Specimen size for bending test 

 

The bending test was carried out using the Universal Testing Machine by three-point loading 

method at a loading rate of 6mm/min as per ASTM D198 (2003). The Modulus of Elasticity 

and Modulus of Rapture were calculated using equations (1) and (2) respectively:-  

 𝑀𝑂𝐸 =  ∆𝑃𝐿34∆𝑦𝑏ℎ3         (1) 

 

 𝑀𝑂𝑅 =  3𝑃𝐿2𝑏ℎ2         (2) 

 

where ∆𝑃 is the difference between the upper and lower loading limits in the proportional 

limit(N), ∆𝑦 is the deflection with respect to ∆𝑃 (mm), 𝐿 is the span (mm), 𝑏 the width of the 

glulam (mm), ℎ is the thickness of the glulam (mm) and 𝑃 the maximum loading (N). 
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                   Figure 4: Test process for the flexural properties of Eucalyptus glulam 

 

2.3.2 Shear test 

Shear test parallel to the grain was measured and the specimen was cut to 20mm × 20mm × 20 

mm according to EN 386:2001( 2001), which states that bonding strength of bond-lines shall 

be  assessed as bond-line integrity test. 

 

Figure 5: Specimen size for shear test 

The average loading speed was 0.4mm/min. The shear strength was calculated as follows; 

 𝜎 = 𝑃𝐴         (3) 

Where 𝑃 (N) is the rupture load and 𝐴 (mm2) is the area of the bonding layer. 

 

2.3.3 Soaking Delamination 

The soaking delamination test specimen was cut from both ends of each sample glulam, with 

the original cross sections 50mm×25mm and a length of 75mm. 
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Figure 6: Specimen size for testing the delamination ratio 

 

The specimen was immersed in water at room temperature for 24hrs and then placed in the 

oven at 70°C to dry for 24hrs. The process was repeated twice and the  delamination ratio was 

calculated in accordance with Vella et al., (2019) using equation (4):  

 𝐷𝑅 = 𝑙𝑑𝑙𝑔 × 100     (4) 

Where, DR = Delamination ratio, 𝑙𝑑= length at which delamination will occur (mm), 𝑙𝑔  = 

Total length of the glue line (mm). 

 

2.4 Data Analysis 

Descriptive statistical procedures were used to obtain means and standard deviations for all test 

properties using SPSS software version 40.0. A one sample t- test was used to compare the 

mean parameters for the two groups (untreated and treated eucalyptus glulams). In order to 

accommodate the influence of any sources of variation during the experiment, percentiles were 

used to generate a tolerance interval within which 95% of the measured properties of a given 

specimen are likely to fall at 95% confidence level. 

 

3.0 Results and Discussion 

3.1 Flexural Properties 

The mean values of the flexural properties for both treated and untreated wood are summarized 

in Table 1. 

Table 1: Descriptive statistics for flexural properties 
Property Variable Mean Std. Error 

Shear (MPa) Treated 6.6034 0.45688 

Untreated 6.8340 0.53446 
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MOE (MPa) 

Treated 12464.39 1113.89 

Untreated 14370.06 1340.67 

Face to face bonding 17677.56 570.67 

Edge to edge bonding 4896.56 174.49 

 

MOR (MPa) 

Treated 155.22 11.07 

Untreated 191.80 13.03 

Face to face bonding 210.62 8.02 

Edge to edge bonding 99.28 4.74 

 

Maximum Load (N) 

at point load 

Treated 7109.29 318.32 

Untreated 8630.32 294.31 

Face to face bonding 8023.96 305.87 

Edge to edge bonding 7561.49 360.63 

 

Figures 7 to 9 show the mean MOE, MOR and maximum Load at point load for the untreated 

and treated when glued face to face and edge to edge gluing. 

 

 

Figure 7: Mean MOE for untreated and CCA treated Eucalyptus samples 



 

 

22 

 

 

Figure 8: Mean MOR for untreated and CCA treated eucalyptus samples 

 

 

Figure 9: Mean Maximum Load at point for untreated and CCA treated Eucalyptus samples 

 

MOE and MOR 

The MOR and MOE of the treated wood was lower than that of the untreated wood (Figures 7 

to 9) clearly showing the effect caused by CCA treatment. In particular, the MOR was reduced 
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by 19.1% and the MOE by 13.3% in the treated specimens as compared to the untreated 

samples (Table 1). Statistical analysis showed that there was no significant difference in the 

MOE and MOR between the treated and untreated wood samples. In face-to-face bonding, the 

MOE of the treated wood samples was lower than that of untreated wood samples and the MOE 

of edge-bonded glulams was slightly higher in the treated wood as compared to that of the 

untreated wood. Particularly the MOE decreased by 71.93% in the edge bonded glulams less 

than that of the face-to-face bonded samples. Figure 8 showed that the MOR decreased by 

52.86% in face to face as compared to that of edge-to-edge bonding as shown in table 1. 

Statistical analysis showed that there was no significant difference (P>0.001) between the 

MOE and MOR values obtained under edge-to-edge bonding and face to face bonding. To 

determine the effect of CCA preservative on the flexural properties of glue laminated 

eucalyptus, an independent sample t-test was performed and homogeneity of groups 

determined. With regard to the MOE and MOR values, there was no significant difference 

(P>0.05) between the untreated and CCA treated groups. Similar results were reported by 

Yildiz et al., (2004) regarding the effects of wood preservatives on the mechanical properties 

of scots pine (Pinus sylvestris). It was pointed out by Yildiz et al., (2004) that there are no 

significant differences in MOE between the untreated and treated glulam. This is due to the 

depolymerization of wood caused by excess ethanolamine. Humar et al.; (2007) reported that 

the functional group in wood which can react with the copper or ethanolamine complex was 

limited. In addition during reaction of the ethanolamine with in wood or its components, free 

radicals were formed which causes the depolymerization of lignin (Humar et al.; 2003). Further 

research by Humar et al.; (2008) also indicated that ethanolamine in copper-based wood 

preservatives enables copper fixation, which causes degradation of lignin or other wood 

components hence changing the mechanical properties. 

 

Table 1 shows that the MOR decreased by 19.1% for the treated wood samples which explains 

that CCA preservative has a significant effect on the strength and stiffness performance of 

glulam. Following the Levene’s for equality of variances on the MOR values, there was no 
significant difference among the untreated and the CCA treated wood samples. Previous 

investigation of the mechanical properties of preservative treated wood showed that 

preservative treatment with CCA did not cause significant reductions in wood bending 

properties (Winandy, 1987; Gasper et al., 2010). Other studies showed that values of MOE and  

the MOR values decreased from 0% to 20% for the treated glulams depending on the severity 

of the redrying temperature employed (Yang et al., 2012). The treatment process relies on 

chemical reactions to bind the chemicals in wood (Hingston et al; 2001). Water-borne 

preservative treatments generally reduced the mechanical properties of the wood as noted by 

Barnes and Lindsey, (2009). The strength loss caused by water borne preservative directly 

relates to its chemistry and the severity of its fixation reaction where the metal is reduced to 

less soluble forms by oxidizing the wood cell-wall components (Yang et al., 2012). Winandy 

(1995) contented that these effects on the mechanical properties appear to be directly related 

to several key wood material factors and pretreatment, treatment and post-treatment processing 

factors. The addition of heat during and after treatment potentially accelerates the hydrolytic 

reactions magnifying strength reduction. Strength loss as a result of exposure to elevated 

temperatures is also magnified by high moisture content induced by the water solvent in the 

wood 
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3.2 Shear Strength 

The mean values of the glue-line shear strength test for both the treated and untreated 

eucalyptus samples are summarized in Table 2. The results suggested that the bond-line 

integrity was higher in the untreated eucalyptus samples. The mean shear strength of the treated 

eucalyptus glulam was 3.37% lower than the mean shear strength of the untreated glulam as 

shown in figure 10. With the F-value (0.108), there was no significant difference in the bond 

line integrity of both the treated and untreated glulam specimens. The mean shear strength of 

the treated eucalyptus glulam was 3.37% lower than the mean shear strength of the untreated 

glulam. Addition of CCA shows negative effect on the bending strength of glue joints and this 

is due to influential factors such as variability in wood properties for shear strength of wood 

joints. (Hass, et al.; 2009; Uysal, 2010). For good bonding, the bond needed to have good shear 

strength and the failure should occur in timber rather than in the glue line.   

 

Table 2: Descriptive statistics for shear strength test 

Treatment Mean [MPa] Std. Error of Mean 

Treated 6.6034 0.45688 

Untreated 6.8340 0.53446 

 

3.3 Soaking Delamination 

Visual verification of the state of the glue lines showed that that the specimens had no 

delamination slits; and it was verified that the percentage of delamination was equal to zero in 

both the treated and untreated eucalyptus glulams. Regarding the delamination test of the glued 

laminated specimens, it was observed, through the visual verification of the state of the glue 

lines, that the specimens had no delamination slits. A similar result was observed by Yang et 
al., (2012), who obtained 0% delamination for pieces of glued laminated wood produced with 

polyurethane adhesive. The percentage of delamination observed in this study was lower than 

the maximum of 10% stipulated by European Standard EN 386 (2001) and lower than the 

maximum allowed by Standard JAS 234 (2003) which is 5%. The moisture content of 11.29 % 

provided good adhesion between the laminations, avoiding the delamination process.   

 

4.0 Conclusions 

In conclusion, treatment of glulam with CCA does not significantly weaken the flexural and 

shear properties of the glulam. No delamination was found in all glulam specimens. However, 

untreated wood samples show higher bonding properties and flexural properties and therefore 

can be used as high structural members. Further research on the potential effect of various 

adhesives available on market and machining properties should be done to widen the scope of 

understanding of the effects of preservative treatment on the structural strength quality of 

timbers on the market. Further research should be carried out to ascertain the effect of 

temperature and moisture on the bond integrity of glue laminated timber. 
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