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Abstract: Southern pine treated with a waterbore copper naphthenate (CuN) preservative at 0.04, 0.075,
and 0.13 pcf Cu (as metal) was tested in static bending. Comparison was with control samples treated with
water only and samples treated with CCA type C at 0.1, 0.2, and 0.4 pcf (total oxide). Comparison of the
treatments showed no deleterious effect of treatment on most bending properties for either CuN- or CCA-
treated wood at the retentions tested. Work-to-maximum load at the higher retentions for CuN were the
only calculated values lower than the controls. The critical design values modulus of rupture and modulus
of elasticity were the same as control values as were fiber stress and longitudinal shear.
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Introduction: For a wood preservative or fire retardant to have utility, it must not have a deleterious effect
on wood properties. It is a requirement for all systems standardized by AWPA. Therefore, all data
packages presented for consideration must include the effects on mechanical properties. Many studies have
been conducted on the effect of various treatments on the mechanical properties of wood. Research by
Winandy and others (Winandy et al. 1992; Winandy and Barnes 1991; Barnes et al. 1990; Barnes and
Winandy 1989) resulted in drying temperature limitations for CCA-treated wood and for design factors for
fire retardant-treated wood (Barnes 1993, 1994; Winandy et al. 1991; Winandy, Ross and LeVan 1991).
Other work has shown ACQ and other treatments not to cause significant reductions in mechanical
properties (Barnes, et al. 1993; Barnes and Winandy 1986). This paper reports on the testing of southern
pine treated with a new generation, waterborne copper naphthenate system.

Methods and Materials

Materials—All sapwood, defect-free southern pine samples were cut from commercial dimension
stock. Samples were randomly assigned to seven treatment groups such that each group would have a
similar density range, ring count, and earlywood/latewood ratio. Both CCA-type C and waterborne copper
naphthenate (CuNWB) concentrates were used to prepare treating solutions by water dilution.

Treatment—All samples were treated using a full-cell cycle consisting of 30 minutes of vacuum at -88
kPa, introduction of treating solution under vacuum, increasing to 1035 kPa in five minutes and holding for
one hour, venting to atmospheric pressure in five minutes, and removal of samples from the treating
solution. Samples were weighed before treatment and after the wiping of excess solution following
treatment in order to determine preservative retention by weight gain. Three CUNWB retentions (0.04,
0.075, 0.13 pef Cu as metal) and three CCA type C retentions (0.1, 0.2, 0.4 pef total oxide basis) were
tested. Comparison was with untreated southern pine controls which had been treated with water only.
Thirty samples at each retention level were treated. Samples were allowed to equilibrate at 75° F in a
constant moisture content room before testing.
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Testing and analysis—Samples were tested in static bending with center-point loading according to
D143 (ASTM International 2004). Specimen size was one-in X one-in in cross-section x 16-in long with a
14-in span. A machine speed of 0.109 in/min was employed. Moisture content and specific gravity were
determined on small samples cut from near the break of the bending samples. Modulus of elasticity (E),
modulus of rupture (R), work-to-maximum load (W), work-to-proportional limit (elastic resilience, Woi,
fiber stress at proportional limit (FSy), and greatest calculated longitudinal shear were computed for each
sample. The data were analyzed using covariate analysis and mean separation techniques (SAS Institute
2001).

Results and Discussion

A cumulative distribution curve for modulus of rupture values is shown in Figure 1. This family of
curves is typical of the distribution in property values for the samples in this study and indicate no
deleterious impact of treatment on modulus of rupture. Descriptive statistics for the various treatment
groups are given in Table 1. Note that these are mean values and differ from the least square means
presented in the graphs and in Table 2. The analysis of covariance showed specific gravity to be a
significant covariate in the statistical analysis.

Least square means for modulus of rupture, modulus of elasticity, and fiber stress at proportional limit
are shown in Figure 2. None of these mean values were significantly lower than the control values.
Modulus of rupture averaged 93-104% of the control value with samples treated with CCA slightly higher
and CuN slightly lower than the controls. For modulus of elasticity, CCA values averaged 9% higher and
CuN values 4% higher than controls. CuN treatments averaged 1% higher and CCA treatments 4% higher
than controls in fiber stress.

Work values are compared in Figure 3. Work-to-proportional limit values ranged from 94% to 107%
of the control values depending on treatment but were not significantly different from control values. Only
with work-to-maximum load were significant decreases found compared to control values. In this instance,
CuN treatment averaged 83% of the control value while CCA treatment averaged 93% of the control. A
similar result was found with ACQ-treated 2 x 6s reported in 1993 (Barnes et al. 1993) in which the treated
material averaged 68% of the control value.

Shear values are shown in Figure 4. No significant differences due to treatment were noted. Treated
samples averaged 94% to 104% of control values.

Summary and Conclusions
The data obtained in this study would indicate that little to no deleterious effect on bending properties
was seen with treatments using waterborne copper naphthenate. This result is similar to results obtained
with other waterborne preservative systems. While no data are presented, it would seem prudent to restrict
redrying of stock treated with waterborne copper naphthenate to the same 160° F limit applicable to other
waterborne systems until a definitive redrying study can be done.
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Figure 1. Cumulative frequency diagram of modulus of rupture (MOR) for the various treatment
groups in this study.
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Figure 2. A comparison of least square means adjusted for specific gravity for modulus of rupture
(MOR), modulus of elasticity (MOE), and fiber stress at proportional limit (FS,) by treatment
(darkened bar indicates a mean value significantly different from the control).
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Figure 3. Least square means adjusted for specific gravity for work-to-proportional limit (W) and
work-to-maximum load (W) by treatment (darkened bars indicate means significantly different
from the control value).
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Figure 4. Least square means adjusted for specific gravity for greatest calculated longitudinal shear
by treatment.
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