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Abstract

Intra-ring checking (checking) is a wood quality defect that can develop sometimes in Pinus radiata D.Don (radiata pine) wood 

during the drying process. The aim of this small study was to examine various mechanical properties of intra-ring-checked 

wood to determine how they differed from non-checked wood. This would help understand which of these mechanical 

properties (if any) might make wood susceptible to checking. Three mechanical properties of wood (density, microfi bril 

angle (MFA) and modulus of elasticity (MOE)) were examined in oven-dried radiata pine disks that displayed different 

degrees of checking. These measurements were made using SilviScan-2 equipment. Microfi bril angle was also examined 

using X-ray diffraction (XRD) while MOE data was also obtained using a modifi ed version of a Fullam micro-test stage. 

None of the data obtained for any of the mechanical properties showed signifi cant differences relative to checking. 

However, some trends could be observed that helped draw some conclusions about the mechanical properties 

observed in checked and non-checked wood. The checked wood samples had a lower density than the non-

checked wood samples by SilviScan-2 analysis. When measured by XRD, the MFA of checked wood was higher 

than that of non-checked wood. However, when measured by SilviScan-2, the MFA of checked wood and non-

checked wood did not show such clear differences. There was also no signifi cant difference in the MOE of checked 

and non-checked wood obtained by either SilviScan-2 or by Fullam micro-test stage equipment. In summary, 

the three properties measured were insuffi cient predictors of checking in this small set of radiata pine samples. 
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although sometimes it has also been observed in 

green timber (Ball et al., 2005). The checks are 

usually confi ned to earlywood (Chafe, 1995) and 

extend radially through it (Booker et al., 2000) 

(Figure 1). The occurrence of checks lowers the value 

of appearance grade timber leading to huge economic 

losses for the forest industry (Putoczki et al., 2007).

The aim of this study was to determine whether certain 

mechanical properties differed between intra-ring-

Introduction 

Radiata pine is the dominant plantation tree in New 

Zealand and is an important source of export revenue 

(Jayawickrama et al., 1997; Withers & Keena, 2001; 

Ministry of Agriculture and Forestry, 2005). Due to 

its economic importance, there is keen interest in 

trying to improve the quality of radiata pine wood in 

New Zealand. Radiata pine wood can develop a 

wood quality fl aw referred to as ‘intra-ring checking’ 

(checking) usually during drying (Booker, 1995), 
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checked (checked) wood and non-checked wood. If 

so, these properties could be used as indicators for 

the tendency of wood to develop checks during drying. 

Density, MFA and MOE are all reputedly determinants 

of wood quality. Knowledge of these wood properties 

can help in effi cient utilisation of wood. Hence, 

these mechanical properties were chosen for this 

study between checked and non-checked wood. 

Density is considered generally a good predictor for 

wood strength and stiffness (Panshin & de Zeeuw, 

1980). However, MFA of the secondary cell wall layer 

(mainly the S
2
 cell wall layer in a tracheid) is also 

important. The secondary cell wall consists of an outer 

layer closest to the primary wall (S
1
), a middle thick 

layer (S
2
), and the innermost layer adjacent to the 

lumen (S
3
) (Core et al., 1976; Brandstrom, 2001). The 

S
2
 layer tends to dominate the physical and chemical 

properties of the cell wall (Donaldson & Burdon, 1995; 

Donaldson & Frankland, 2004). According to Cave and 

Walker (1994), MFA is the principal predictor of timber 

quality capable of affecting large changes in stiffness 

of wood, whereas density is an auxiliary variable. MOE 

is another important mechanical property of wood 

and can be infl uenced by both MFA (Cave & Walker, 

1994; Hirakawa et al., 1998; Yang & Evans, 2003) and 

density (Panshin & de Zeeuw, 1980; Cown et al., 1999). 

MFA and density jointly accounted for 92% of MOE 

variations (Evans & Ilic, 2001; Yang & Evans, 2003). As 

all three of these properties are relevant for grading the 

quality of wood, they were all examined in this study. 

Materials and Methods

Plant material

Thirteen half-disks cut from 60 mm oven-dried 

disks of radiata pine were used for the study. Each 

disk represented a separate tree approximately 

15 years old cut about 5 m above the stump. The 

disks were sawn from logs of trees grown on different 

North Island sites in New Zealand. These trees 

were selected as representative samples of varying 

degrees of checking susceptibility by a commercial 

laboratory carrying out routine resource screening for 

a large forestry company. The disks that showed no 

checks in the growth rings were categorised as non-
checked. The disks with checks were categorised as 

either severe or moderate, depending on both the 

number of checks seen in each growth ring and the 

number of growth rings that showed checks. Severely 

checked disks (Figure 1A) displayed more growth 

rings with checks and more checks in each growth ring 

compared to moderately checked disks (Figure 1B). 

The number of disks examined in each sample group 

were: severe (3), moderate (6) and non-checked (4). 

Samples of wood were excised from oven-dried disks 

of radiata pine and assessed, utilising SilviScan-2, 

XRD and the modifi ed Fullam micro-test stage. 

Samples were prepared from the same growth ring 

(growth ring 7), in order to minimise the variations 

between the growth rings. 

FIGURE 1: (A) Severely checked disk displaying a large of number of growth rings with checks. More checks were seen in each new 
growth ring affected;

                      (B) Moderately checked disk with few growth rings affected; 
                      Scale bar = 1mm.
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SilviScan-2 analysis of density, MFA and MOE

The samples for the SilviScan-2 measurements were 

sawn from the original disks and data collected for 

density, MFA and MOE. Observations were made from 

two samples taken from two different locations of the 

growth ring 7 of each disk. Tracheids of the growth ring 

that were in the region of checks were not considered 

for analyses of SilviScan-2 data. Observations from 

sample 1 were not taken into consideration for analyses 

for SilviScan-2 data due to the presence of the false 

growth ring observed in the ring 7 of the sample disk 

which could have infl uenced the measurements.

The method used was based on that described by 
Evans (1998). Briefl y, the pieces of wood were cut 
into radial strips of dimensions 2 mm tangentially 
by 7 mm longitudinally for image analysis and 
microdensitometry. All the measurements were taken 
in a conditioned atmosphere maintained at 40% RH 
and 20 °C. The samples were re-conditioned from zero 
moisture content, having been dried with ethanol and 
then extracted with acetone. Samples were examined 
with the x-ray beam in the tangential direction. The 
growth ring orientation was measured by automated 
image analysis and the information used by the 
control software to maintain the growth rings parallel 
to the beam. The sample or the growth rings can 
be held at nominated fi xed angle to the x-ray beam. 

Image analysis and physical strength requirements 
dictated a sample thickness (tangential direction) 
between 1 mm and 2 mm. The absorption contrast 
for microdensitometry was done with copper Kα, 
on an average for wood samples approximately 
2 mm thick. The analysis rate depends on the 
chosen spatial resolution, which was limited to the 
0.2 mm diameter for the x-ray beam. Radial profi les 
with a 0.2 mm step size were obtained at the rate of 
30 mm/h. To avoid problems associated with variation 
in fi bre axis orientation, the integration span was 
usually limited to 10 mm, on the assumption that fi bre 
orientation was constant within the chosen span. 

A copper rotating-anode in point-focus mode was 
used in conjunction with a nickel fi lter and a capillary 
focussing system to produce a beam cross-section 
of diameter ca 0.2 mm at the sample. The diffraction 
patterns recorded with a charge coupled device (CCD) 
area detector. The strong (002) equatorial refl ection was 
used for MFA analysis. Useful images of the equatorial 
refl ections obtained in as little as 10 s, although 30 s 
was commonly used to improve the signal to noise ratio.

Modifi ed Fullam micro-test stage analysis of MOE
 
The method used was based on that described by 
Butterfi eld & Pal (1998). Briefl y, the top and bottom 
transverse cut surfaces of wood were smoothened 
using a sledge microtome (MSE microtome) to form 

a wood block of 4 mm. These blocks were then cut 
further into 1 mm wide strips, and then again at right 
angles into 1 mm pieces using a specially designed 
engineers press with rotating stage (Olympus, Japan 
model no. 219722). All the sticks were then examined 
under a microscope and those with any cutting defects 
were rejected. A minimum of 20 sticks per sample 
group were selected for testing. The sticks were fi rst 
weighed then measured for length, height and width 
at 40% humidity. They were then compression load 
tested in a modifi ed micro-test stage (E F Fullam Inc) at 
40% humidity environment. The load cell and the linear 
transducer (for measuring linear compression) were 
interfaced to a personal computer (PC) fi tted with data 
acquisition board and running locally written software. 
The PC automatically records maximum crushing 
strength and stiffness. The data for the stiffness were 
taken from the central part of the load/displacement 
graph to avoid any distortion caused by end collapse 
of cut cells during initial compression loading. 

X-ray diffraction analysis of MFA

Wood pieces were cut from the original disks with a 
chisel and hammer. Smaller sticks 4 mm x 1 mm x 
1 mm were further cut from the wood pieces using a 
specially designed engineers press with rotating stage 
(Olympus, Japan model no. 219722). The sticks (fi ve 
from each sample group) were then used to measure 
MFA using the XRD method of Cave and Robinson 
(1998).  Angular distribution of the longitudinal microfi bril 
axes of cellulose in the cell wall is represented by the 
distribution of the crystal plane poles. These poles are 
parallel to the microfi bril axis and XRD is capable of 
measuring these pole distributions. Modern computer-
controlled diffractometers using area detectors directly 
acquire digital data from the area displayed then 
automatically produce pole fi gures. The area detector 
from the wood displays three sets of broad arcs on 
concentric circles. Two of the crystal planes are so close 
together that they almost merge, and the third plane 
is perched on the outer shoulder of the other two. All 
are planes that include the longitudinal microfi bril axis, 
and they are much the same along their respective 
diffraction circles. It means that almost every microfi bril 
orientation contributes to the diffraction arc and so 
the profi le contains a measure of MFA orientation. 

Statistical Analyses

All statistical analyses were carried out using 
S Plus statistical package (S-Plus 8, TIBCO Software 
Inc, Palo Alto, California). Main effects between 
the mechanical property and the type of wood were 
examined using analysis of variance (nested ANOVA). 
Tukey’s least signifi cant difference test was used 
where applicable, to distinguish among individual 
mean values with a confi dence level of p < 0.05.
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Results and Discussion

The samples analysed in this study were prepared 

from the earlywood region of the wood, as checking 

occurs usually in this region and is rarely seen in the 

latewood region. 

Density

Surprisingly, the lowest density was recorded for 

moderately checked wood rather than severely 

checked wood. Overall, however, the SilviScan-2 

measurements showed that checked wood had a lower 

density compared to non-checked wood (Table 1) and 

that this difference was signifi cant (p < 0.05). Some 

previous studies have shown similar results (Ball et al., 
2005; Simpson et al., 2002; Ilic, 1999a, b; Chafe, 1994) 

and suggest that low density can increase checking 

(Ball et al., 2005; Simpson et al., 2002; Ilic, 1999a). 

Density is an important property of wood. It is quality 

trait that is a function of xylem anatomy and can be 

infl uenced by cell wall thickness, cell diameter, and 

the chemical content of wood (Cave & Walker, 1994). 

Higher wood density and thicker cell walls tend to 

lower the tendency of the wood to check (Simpson 

et al., 2002). Thick cell walls ensure that only small 

compressive stresses occur in the cell walls. Such cells 

can resist collapse and prevent development of checks. 

Collapse of the wood fi bres can lead to checking 

(Simpson et al., 2002). Earlier studies (Booker, 1995; 

Putoczki et al., 2007; Nair et al., 2009) have reported 

associations between checked wood and collapsed 

fi bres. In the current study, SilviScan-2 samples 

observed using a dissecting microscope showed the 

presence of collapsed cells in checked wood, whereas 

collapsed cells were rarely seen in non-checked 

wood (Figure 2). This microscopy data of the samples 

indicated that lower density wood was more inclined 

to collapse and check compared to high density wood. 

Type of wood sample group Average density (kg/m3) Average MFA (degrees) Sub-sample Size

Severely checked 370 ± 30.9
20.2 ± 3.9

  490

Moderately checked 357 ± 36.4
18.4 ± 4.9

1369

Non-checked 397 ± 25.9
17.5 ± 4.1

  860

TABLE 1: Density and MFA data for severe, moderate and non-checked wood obtained using SilviScan-2 at 40% RH and 20 °C. Data are 
± standard deviation of the two samples taken from two different locations of growth ring 7 of each of the severe, moderate 
and non-checked sample groups. Samples size represents the number of tracheids measured in growth ring number 7 of 
each of the samples.

FIGURE 2: (A) Severely checked wood sample. The arrowheads indicate the presence of collapsed cell fi les; 
                       (B) Non-checked sample; 
                       Scale bar = 5cm.
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One has to be careful in making predictions, whether 

a particular wood is prone to checking or not, based 

on density alone, however. High density displayed by 

a wood could also possibly be due to the presence 

of compression wood or a false growth ring.

MFA 

Differences in MFA data were not statistically 

signifi cant in the present study. This fi nding is 

consistent with a previous study on radiata pine (Ball 

et al., 2005). However, average MFA values from 

either XRD or SilviScan-2 equipment showed the 

same trend - that checked wood had higher MFA 

compared to non-checked wood. XRD data (Table 

2) showed higher values for MFA measurements 

compared to the SilviScan-2 data (Table 1). Three 

of the reasons for such a variable result could be: 

(i) the presence of checks in some of the samples 

that were used for SilviScan-2 measurements 

that might have affected the data; (ii) the samples 

analysed by XRD were not from exactly the same 

point of growth ring 7 as the SilviScan-2 samples; and 

(iii) the plane along which the measurements are taken 

is tangential with SilviScan-2 and radial with XRD. 

Researchers have shown MFA to be linked to 

dimensional changes in wood that occur changes in 

moisture content (Harris & Meylan, 1965; Meylan, 

1968). During drying, moisture is lost from the wood 

surface more easily than compared from the centre 

which leads to the development of a moisture content 

gradient that, in turn, results in uneven shrinkage 

(Pang, 2002). As they dry, the outer layers shrink 

before the inner core and, when the stress between 

the layers exceeds the yield stress of the wood, 

checking takes place (McCurdy & Keey, 1999; Huang 

et al., 2003; Barnett & Bonham, 2004). An increase in 

MFA can increase longitudinal shrinkage (Huang et 

al., 2003; Barnett & Bonham 2004, Lundgren 2004) 

that could affect checking. The minimum longitudinal 

shrinkage in radiata pine occurs at an MFA of 25° 

(Wang et al., 2001). XRD data in the present study 

showed that the non-checked wood had an average 

MFA of 27.8° compared with an average MFA of 34° 

for moderately checked wood and 41.2° for severely 

checked wood, Table 2. It is possible that wood with 

a high MFA angle could undergo greater differential 

shrinkage stresses during drying and develop checks. 

MFA can also infl uence the fracturing properties 

of wood. Small MFAs favour trans-wall fracture as 

opposed to intra-wall fracturing under transverse 

shear (Donaldson, 1998). In a previous study, 

Putoczki et al. (2007) found that the checks usually 

occurred along the compound middle lamella and S
1 

cell wall layer. The predominant form of fracturing 

observed was intra-wall fracturing at the site of the 

check. It seems that the high MFAs observed in 

checked wood could make the wood vulnerable to 

fracture between the walls and lead to checking. 

However, as with density, we cannot use MFA alone 

to predict shrinkage in wood. Factors other than MFA 

can also infl uence shrinkage, such as the extent 

of accumulation of internal growth stresses in the 

tree and their release when a tree is cut (Barnett &  

Bonham, 2004).

MOE

The MOE data obtained using modifi ed Fullam 

micro-test stage were lower than the corresponding 

SilviScan-2 measurements. One of the possible 

reasons for this discrepancy could be that the samples 

used in the modifi ed Fullam micro-test stage were 

cut into sticks of very small dimension and presence 

of broken tracheids exposed along the edges of the 

samples could affect the measurements by the machine. 

There was much variability observed in the MOE data 

using either SilviScan-2 or modifi ed Fullam micro-

test stage. However, when mean values of each 

wood sample were calculated using the Fullam micro-

test stage data, it was seen that most checked wood 

samples had lower MOEs compared with non-checked 

wood (Figure 3). 

Neither the SilviScan-2 nor the Fullam micro-test 

stage MOE data showed any signifi cant relationship 

Type of wood sample group Average MFA (degrees) Sub-sample size

Severely checked   41.2 ± 2.6   5

Moderately checked   34.0 ± 2.0   5

Non-checked   27.8 ± 4.5   5

TABLE 2: MFA data from XRD analysis. Data are ± standard deviation of the samples taken from each of the severe, moderate and 
non-checked sample groups. 
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FIGURE 3: MOE data analysis of the checked and non-checked wood samples. 
 (A) SilviScan-2 data; 
 (B) modifi ed Fullam micro-test stage data.
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(p <0.05) between MOE and checking. This observation 

is similar to the one made in a previous radiata pine 

study (Ball et al., 2005). A combination of high MFA and 

low density can result in low strength wood (Lundgren, 

2004). The lower the strength of wood cells the more 

readily they will collapse under the drying stresses 

that could lead to formation of checks in the wood.

Conclusion

Compared to earlier work (Ball et al., 2005), the number 

of samples analysed in the current study was small and 

none of mechanical property data obtained showed 

statistically signifi cant differences between checked 

and non-check wood. However, the trends seen in the 

study are similar to those obtained in the previous work 

(Ball et al., 2005). This study confi rms that checking in 

wood is complex. A more reliable indicator for checking 

in wood might be a combination of the mechanical 

properties of wood with other wood properties, 

such as tracheid dimensions and chemical content.
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