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ABSTRACT 

The modulus of rupture and modulus of elasticity in center-point bending werc determined for '12- X 

' / r -  X 10-in. specimens cut between pith and bark from twelve trees of loblolly pine ofdifferent growth 
rates. Six of these trees were fast-grown, 15-year-old, genetically selected stock: 3 trees each came from 
a 25-year-plantation and a 41-year-old forest. The original location of the specimens in the trees was 
between 11 and 14 ft above the ground. The average diameter of the trees at breast height was 
approximately 8 %  in. for each population. 

The specific gravity, modulus of rupture, and modulus of elasticity of the wood from the three 
populations showed a marked initial trend of increasing magnitude with distance from the pith. At 
distances from the pith greater than about 2% in., there was little or no change in the properties of 
wood from the 25- and 41-year-old trees. The properties of the wood from the 15-year-old trees 
continued to show an increase for at least about 4 in. from the pith. For a given distance from the 
pith. the properties were. on average, higher in the older trees than in the younger trees. When the 
properties were related to the number ofgrowth rings from the pith. however, there were no  significant 
differences between the properties ofwood from trees ofdifferent growth rates. Similarly. rate ofgrowth 
did not appear to affect the relationships between specific gravity. modulus of rupture. and modulus 
of elasticity. Consequently, although fast-grown trees contain a larger volume of juvcnile wood than 
more slowly grown trees, the propenies of their mature wood should not bc significantly rcduccd by 
the fast growth rate. 

Kc],  ~ v o r d ~ :  Growth rate. static bending properties, loblolly pine, modulus of rupture, modulus of 
elasticity, specific gravity. juvenile wood. 

INTRODUCTION 

Commercial plantings of southern pine are now mainly from stock gcnctically 
selected for desired characteristics, especially fast rate of growth, a feature that is 
enhanced by modern silvicultural practices. 

A major effect of this fast growth rate is that the trees will have a larger volumc 
of juvenile wood, i.e. the relatively low density wood within about the first 10 
growth rings from the pith (Zobel et al. 1972), than prcscnt commercial trees. 
There is also some concern that fast growth rate may lead to the production of 
wood of lower mechanical properties overall. The objective of the study described 

' This paper is submitted for publication as Paper No. 6565 of the Journal Series of the Agricultural 
Research Scrvlce, North Carolina State Ilniversity. 
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FIG. 1. Variation of modulus of rupture with distance from pith. Lines connect average values at  

I-in. intervals for each population. 

in this paper was to  determine if loblolly pine genetically selected for fast growth 
rate showed signs of a general reduction in its mechanical properties. 

TEST MATERIAL 

Grateful acknowledgement is made to Westvaco Company for supplying logs 
from three populations of loblolly pine of different ages and rates of growth: a 
naturally regenerated stand 41 years old, a plantation of 25-year-old trees from 
ordinary commercial stock, and 15-year-old trees from parents genetically selected 
for their fast rate of growth. 

All trees from the three populations grew in the same general area near Pitch 
Landing, South Carolina, and none of those selected had received any artificial 
fertilization. Additional information, including the results of other tests on the 
material, is given in a previous paper (Pearson and Gilmore 1980). 

Twelve logs 4 ft long were selected, their lower ends being originally located 
about 1 1  St above ground level in the growing trees. Six logs came from the 15- 
year-old population and three from each of the other two populations. The average 
diameter at breast height of the trees supplying these logs was 8.3 in. for the 15- 
year-old population and 8.2 in. for the other populations. 

From each log were sawn three quarter-sawn planks 1 M in. thick. One was a 
diametral plank and the other two planks were cut at right angles to it. This 
thickness enabled the planks to be machined to a thickness of 5/s in. centered on 
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TABLE 1. 7hree populutions of diffi)rent ages and growth rates: ~ f e c t  of' distance frorn the pirh. 

Popu- Average value of property at average distance from pith (1n.1 
lat~on 

Propen) age (yr) ot I +  2+ 3+ 4+ 

Age (yr) 4 1 3.0 
2 5 1.9 
15 I .0 

No. of specimens 4 1 4 
2 5 5 
15 I I 

Specific gravity 4 1 0.48 
2 5 0.4 1 
15 0.37 

Modulus of elasticity 4 1 1.21 
( 1 0") 2 5 1.02 

15 0.65 

Modulus of rupture 41 11,300 
(psi) 25 9,910 

15 7,230 
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FIG. 3.  Variation of specific gravity with age of wood. 

the true radius of the cross section and then ripsawn into 5/s-in.-wide strips. The 
strips were dressed to 1/2 in. square and cross-sawn into 10-in. lengths as free from 
sloping grain, knots, compression wood, and other defects as possible. A record 
was kept of the original position of the center of each selected specimen relative 
to the pith, due allowance being made for saw kerf and planer shaving dimensions. 
For some logs, there was more than one specimen available at the same distance 
from the pith. The clearest of these was used for the tests, the others being 
discarded. Between eight and eleven specimens, depending mainly on log diamk 
eter, were selected from each log such that virtually each growth ring was included. 
Because of the thickness of the original planks, no specimens contained wood 
from between about '/4 in. and I/? in. from the pith. Estimates were made of the 
number of growth rings from the pith to the center of the specimen. Advantage 
was taken of the diameter and age of the trees being known to reduce the confusion 
in counting rings caused by the prevalence of false rings in loblolly pine. 

TEST PROCEDURE 

The specimens were brought to equilibrium moisture content in a room main- 
tained at 70 F and 65% relative humidity. They were then tested in a 500-lb 
capacity Instron testing machine in center-point bending over a span of 7 in., the 
loading being applied to the tangential face nearer the pith at a rate of movement 
of the loading head of 0.1 in./min. An autographic record was made for each 
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FIG. 4. Variation of modulus of rupture with age of wood. 

specimen of the load versus head displacement, the latter being taken as a sat- 
isfactory estimate of the midspan deflection for these comparative tests. 

TEST RESULTS 

The specific gravity (SG) (based on oven-dry weight and volume at test), mod- 
ulus of elasticity (MOE), modulus of rupture (MOR), and moisture content (MC) 
were determined for each specimen. The average moisture contents of the spec- 
imens from the 41-, 25- and 15-year-old forests were 9.4%, 9.5% and 9.2%, 
respectively. To minimize the effect of the small differences in MC between the 
specimens, the values of MOR and MOE were corrected to 12% moisture content 
by the procedure given on page 4.32 of the Wood Handbook (USDA 1974). 

The average values of the properties within I-in. intervals from the pith are 
summarized in Table 1.  Note that values in the last column are based on only 1 
or 2 test results. 

Table 2 is similar to Table 1, but gives the average values for various intervals 
of number ofgrowth rings from the pith, i.e. increments of age, instead of distance 
from pith. 

The manner in which MOR and MOE varied with distance from pith is illus- 
trated in Figs. 1 and 2, respectively. Lines based on the mean values in Table 1 
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have been drawn in Figs. 1 and 2 to emphasiye the marked difference between 
the properties of the wood from the three populations at various distances from 
the pith. As may be seen from Table I ,  a similar pattern of variation with distance 
from pith applied for SG. The SG, MOR, and MOE are plotted against number 
of growth rings from the pith in Figs. 3, 4 and 5 ,  respectively. The MOR and 
MOE are plotted against SG in Figs. 6 and 7, respectively, while MOR is plotted 
against MOE in Fig. 8. 

The intermingling of the values for the three populations evident in Figs. 3 
through 8 indicates visually that population differences did not affect significantly 
the relationships between the respective properties in those figures. Regression 
equations were calculated for the separate populations but, as expected, they did 
not differ significantly from each other. Consequently, regression equations were 
calculated for the combined populations and are given in the figures, together 
with the coefficient of determination. Root mean square values of the deviations 
of the test results for each population from the appropriate combined regression 
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equation were computed and were also not significantly different from each other. 
confirming that the population differences were not significant. 

DISCUSSION 

Table 1 and Figs. 1 and 2 show that the properties at first increased markedly 
with distance from the pith for all populations but then tended to level off at 
about 2% in. from the pith for the 25- and 41-year-old trees. The properties of 
the wood from the 15-year-old trees continued to increase for about 4 in. from 
the pith. Since only one specimen was more than 4 in. from the pith, the trend 
at larger distances from the pith was not established for the fast-grown wood. The 
tests thus provide further illustration of the larger volume of lower strength wood 
produced by fast-grown trees. 

The average values of the properties of the wood at a given distance from the 
pith differed markedly for the three populations, at least up to the levelling-off 
point for the older populations. The older the population, the higher was the 
average value of the property at a given distance from the pith. These differences. 
however, were associated with the differences in the age of the wood at those 
distances, the older populations having more rings per inch. Figures 3, 4, and 5 
show that the trend of the properties with age was similar for the three populations. 
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The properties of the wood from the 15-year-old trees were more variable than 
those from the older trees. The  specimens from these trees contained relatively 
Sew growth rings, so their properties depended very much on whethcr the extreme 
fibers were earlywood or latewood. Price (1928), however. has shown that such 
specimens still correctly estimate the mean. 

Extremely high correlations were obtained for MOR and MOE with SG and 
with each other, R2 being 0.84. 0.90 and 0.90, respectively. as illustrated in Figs. 
6 through 8. These figures also show clearly that difTerences in population age and 
rate of growth did not significantly affect the relationship between the respective 
properties. This was confirmed by the nonsignificance ofdifl'erences between the 
regression equations for the three populations. This result is in line with the 
findings by Zobel(197 1) that SG and rate ofgrowth are not significantly correlated 
genetically. and by Talbert et al. (1983) that the SG of juvenile and mature wood 
are significantly correlated genetically. Consequently. the wood from thc young 
trees would be expected to have continued to increase in density and mechanical 
properties with distance from the pith Sor some time had the trees been allowed 
to live longer. 
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The results emphasile the influence of the age at which the wood is formed 
(number of rings from the pith) on specific gravity and the bending properties. 
Growing loblolly pine trees faster provides a larger volume ofjuvenile wood with 
relatively lower specific gravity and correspondingly lower mechanical properties. 
and due allowance must be made for this in utilizing these trees. Fortunately, a 
fast growth rate does not appear to alter significantly the fundamental relations 
between the specific gravity and static bending properties of loblolly pine. Com- 
mercial volun~es of wood with mechanical properties similar to that of current 
lumber should accordingly be obtainable, but the trees will have to be allowed to 
grow for more than two decades. Informed decisions on when to harvest fast- 
growing trees for various purposes will accordingly require knowledge of the 
properties of the wood at the various ages when it is formed. 
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