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ABSTRACT 

This study reports on the effect of stand density on the flexural properties and grade compliance of 
lumber from two 35-year-old loblolly pine plantations. Grade compliance determination involved 
performing bending strength tests on the lumber, which was visually graded according to Southern 
Pine Inspection Bureau (SPIB) rules, to ascertain if the actual strength values were consistent with the 
requirements of the assigned visual grades. The results indicate that stand density is an important 
factor influencing the flexural strength and grade compliance of the lumber produced from the plan- 
tations studied. Specifically, lumber from the denser 35-year-old stand, which had 70125 site index, 
8- x 8-17 original spacing (thinned only once at age 18) and 230 treeslacre with 141-sq R basal area 
at harvest time, has about 92% and 6 4 1  compliance to required design flexural strength and stiffness 
values, respectively. It is now evident from the results ofthis study and a previous study by the authors 
that even dense stands must be older than 35 years of age before they can be harvested for lumber 
production to ensure attainment of at least 95% lumber grade compliance, i.e., strength values are 
consistent with assigned visual grades. More studies are definitely needed to determine the appropriate 
harvest age. 
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INTRODUCTION has been increasing in the last few years. A 
Harvesting pressure on southern forest re- major reason for this is the increased demand 

sources, especially on southern yellow pines, for residential construction, which contributed 
immensely to the increased demand and prices 
for stumpage, lumber, and other structural 

I This paper is based on a study supported by USDAI 
CSRS Grant 92-37103-8030 and McIntire-Stennis funds 

wood products. Federal regulation and litiga- 

(Project 974) and is published as Alabama Agricultural tion impose serious restrictions on harvesting 
Experiment Station Journal Series No. 9-944769. softwoods on federal forest stands in the 
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Northwest, and will add more harvesting pres- 
sure on southern forests. 

The Northwest Forest Resource Council 
(1994) reports that between 1991 and the be- 
ginning of 1994, the volume of softwoods for 
harvesting under contract from federal stands 
in Oregon and Washington declined by 72%. 
In the same period, western product prices in- 
creased by 125% for Douglas-fir lumber and 
84% for exterior Douglas-fir plywood. In the 
South, stumpage prices for southern pine saw- 
timber increased by 5 1% between December 
199 1 and December 1993 (Timber Mart-South 
1993). 

Within a few years, 50% ofthe available pine 
timber in the South will come from plantations 
consisting primarily of loblolly pine (Pinus tae- 
da L.) and slash pine (Pinus elliotti Engelm.) 
trees. Presently there is no available infor- 
mation on the age distribution and stand den- 
sities of the existing southern pine plantations. 
Stand density (i.e., number of trees per acre or 
basal area) is considered a major factor affect- 
ing wood properties because it influences the 
development of juvenile wood and branches 
in the tree. The number and size of branches 
directly relate to the number and size of knots 
as well as to the localized slope of wood grain 
in lumber produced from such a tree. How- 
ever, not much is known about the effect(s) of 
stand density on the flexural properties (MOE 
and MOR) and degree of compliance of plan- 
tation pine lumber to the required design val- 
ues for a specified grade. Grade compliance 
determination involves performing bending 
strength tests on the lumber, which is visually 
graded according to SPIB rules, to ascertain if 
the actual strength values are consistent with 
the requirements of the assigned visual grades. 

Final stand density has been observed to 
vary with initial planting density (spacing of 
seedlings), degree of stand thinning, and stand 
age. Many southern pine plantations were es- 
tablished with an initial spacing of 8 by 8 A. 
Intensive management of such plantations re- 
sulted in very impressive growth rates, with 
diameter breast height (DBH) of 1 1.2 in. in 15 
years (MacPeak et al. 1990) or 14.3 in. in 20 

years (Pearson and Gilmore 1980). It has been 
documented (Zobel and Blair 1976) that fast- 
growing trees of pine plantations produce high 
amounts ofjuvenile wood at early ages; about 
60% in 20-year-old and 30% in 30-year-old 
trees. Juvenile wood in lohlolly and slash pines 
could occupy from 10 to 20 annual growth 
rings (Bendtsen and Senft 1986; Goggans 1964; 
Taras 1965; Zobel and Kirk 1972). Compared 
to mature wood, juvenile wood is known to 
be of lower density and with different anatom- 
ical characteristics that all contribute to lower 
strength and stiffness properties (Bendtsen 
1978; Koch 1966; Pearson and Gilmore 197 1; 
Taras 1965; Zobel and Blair 1976; Zobel and 
Kirk 1972). 

Studies (MacPeak et al. 1990; Pearson and 
Gilmore 1980) have shown that lumber pro- 
duced from 20- to 30-year-old loblolly and 
slash pine plantations planted at an 8- x 8-ft 
spacing has low strength and stiffness prop- 
erties and shows considerably low compliance 
to visual lumber grade requirements. These 
results have been attributed to high percent- 
ages ofjuvenile wood. In another study (Biblis 
1990), however, lumber from a 27-year-old 
slash pine plantation planted on a 6- x 6-ft 
original spacing, with a lower growth rate, ex- 
hibited exceptionally good lumber properties 
and compliance to visual lumber grades. 

In a recent study (Biblis et al. 1993), the 
authors found that the flexural properties of 
loblolly pine plantation lumber with No. 1 and 
No. 2 grades increase with stand age (25 to 35 
years). Furthermore, the percent of compli- 
ance of the tested lumber flexural properties 
to the required values for the grade increases 
as the stand age increases from 25 to 35 years. 
This could be attributed to the decreasing pro- 
portion ofjuvenile wood in the tree as it grew 
older. 

This paper presents results of an investiga- 
tion on the effect of stand density of two 35- 
year-old loblolly pine stands on the flexural 
properties and percent of compliance of the 
obtained lumber to required design values of 
the tested lumber grades. 
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TABLE I .  Characteristics of the two 35-year old loblolly 
pine smnds. 

Od&i?d Thinned Basal 
smnd Sitc apasmg at age TmcU area 

no. index (bet1 (ycard acre (%. R1 

35A 70125 8 x 8 18 t 27 130 105.8 
35B 70125 8 X 8 18 230 140.8 

MATERIALS AND METHODS 

Two loblolly pine stands, identified as 35A2 
and 35B, located in West Central Alabama 
were used in the study. The characteristics of 
the stands are listed in Table 1. Selection of 
the stands for the study was made on the basis 
of equal original planting spacing of 8 by 8 ft 
and equal site index of 70 (base age = 25). One 
stand (35B) was thinned once at age 18, the 
other (35A) thinned twice at 18 and 27 years, 
resulting in basal areas of 140.8 and 105.8 sq 
ft, respectively, for each stand at age 35. 

Prior to tree selection from each stand, the 
DBH distribution for each stand was estab- 
lished by measuring DBH of all trees in four 
%-acre plots in each stand. Fifty trees from 
each stand were then selected to represent the 
predetermined DBH distribution in each stand. 
The sample trees from each stand were har- 
vested, identified, and measured. These mea- 
surements are shown in Table 2. The average 
DBH of stands 35A and 35B was 12.1 and 
10.8 inches, respectively. 

The 50 harvested trees from each stand were 
transported to the sawmill cooperating in this 
study. The trees from each stand were segre- 
gated and processed in separate batches. 

For this study, special arrangements were 
made with the cooperating sawmill to reduce 
the processing speed in order to allow for the 
identification of each piece of lumber accord- 
ing to origin (log location within the tree, tree, 
and stand). This was accomplished through a 
multistep process. Each tree was bucked into 
logs, following the bucking policy of the saw- 
mill. Immediately after bucking, each log was 

2 This stand was used also in a previous study (Biblis 
el al. 1993). 

TABLE 2. Measurements ofthetwosamples (50from each 
stand used in this study). 

Meaammeot Mean SLY Minimum Maximum 

Stand 35A 
DBH (inches) 12.1 2.2 7.1 18.5 
Merchantable 

length (feet) 59.6 13.7 12.0 77.3 
Merchantable top 

diameter (in.) 6.0 0.1 5.5 6.1 

Stand 35B 
DBH (inches) 10.8 2.6 6.0 17.0 
Merchantable 

length (feet) 62.7 11.7 31.6 86.3 
Merchantable too 

diameter (in.) 6.0 0.9 5.6 8.5 
SD = Swdard d-tim. 

identified and measured. Large- and small-end 
diameters inside bark and length were record- 
ed. The large ends were spray-painted with 
different colors to identify each log type. In 
addition, a number on a 3 by 5 card indicating 
the stand and tree number was attached to the 
large end. Every log from each stand was pro- 
cessed through the chip-n-saw (chipper-can- 
ter), according to current sawing practices of 
the mill. Each piece of lumber from each log 
was identified by origin (stand and tree num- 
ber), using a narrow aluminum identification 
tag attached with staples to the end of each 
piece. All green lumber was sorted by width 
and length and then stacked and kiln-dried to 
approximately 15% moisture content (MC). 
After kiln-drying, all the lumber pieces were 
dressed to the specifications of the mill and 
subsequently graded to SPIB visual grades by 
qualified lumber graders of the mill. While the 
tested lumber from stand 35A represented a 
sample of the obtained lumber, all the lumber 
obtained from stand 35B was tested. 

In sampling the lumber from stand 35A for 
testing, an attempt was made to obtain a min- 
imum of 28 pieces of lumber from each group 
by lumber grade, log type, lumber width, and 
stand. But because not every log type produced 
all grades and all widths, we were forced to 
accept an unequal number oftest pieces in each 
group. Test pieces sized 2 by 8 in. or 2 by 6 
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T ~ E  3. Flexural properties and compliance to visual grade requirements of southern pine lumber obtainedfrom a 
35-year-old Loblolly plantation Aa, tested edgewise according to ASTM D 198 with third poinl loading over the spans 
of 90 inches for 2 x 4's and 132 inches for 2 x 6's and 2 x 8's. 

SPIB 
SPIB required M m  rundards 

h 8  visual ~ i c a r  M.C. s.ob MOD MOW sthd BSV* MOE -pb" "E" 
nip grade tested 1%) lodb) (Mss l  (pi1 1%) (PSI) IMP%) 1%) (%) 

Butt 
Second 
Third 
Fourth 
Fifth 
Butt 
Second 
Third 
Fourth 
Fifth 

Butt 
Second 
Third 
Fourth 
Fifth 

All logs 

All logs + grades 

Butt 
Second 
Third 

Butt 
Second 
Third 
Butt 
Second 
Third 

All logs 

All logs + grades 

Butt 
Butt 
Second 
Third 

Second 

Lumber size 2" x 4" 

0.57 1.960 7,775 
0.53 1.970 7,122 
0.50 1.544 5,966 
0.51 1.492 6,096 
0.46 1.349 4,856 
0.52 1.428 5,920 
0.52 1.673 5,169 
0.49 1.595 4,756 
0.46 1.368 4,255 
0.47 1.392 4,263 
0.53 1.297 5,038 
0.53 1.951 5,933 
0.51 1.489 4,171 
0.47 1.256 4,008 
0.48 1.150 3,563 
0.53 1.772 6,751 

Lumber size 2" x 6" 

Lumber size 2" x 8" 
0.50 1.924 7,894 

0.51 1.742 5,589 
0.49 1.450 4,457 
0.47 1.322 2,536 
0.45 1.275 2,163 
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TABLE 3. Continued. 

SPIB muired Meet standards 
SPlB 

Lv v i ~ u d  Rear M.C. S.GUOE( MORc 5chd B S y  MOE "Fa" "E" 
tw grade tested (%) (odb) (Mpn) (mi) (%) (us!) (Mu=) (%I (%) 

Third 3 2 10.3 0.44 1.041 1,643 1,470 1.4 50 0 
All logs I 3 10.2 0.50 1.924 7,894 3,150 1.7 100 67 

. . .  . 
3 3 10.1 0.44 1.119 1,816 1,470 1.4 67 0 

(0.165) (367) 
All logs + grades 29 90 52 

See Table I far charactm~tics of 35-yearold loblolly ulsnfation A. 
b 0db atand. for ova-dry basis. 

Numbers in parenthesis are standard deviations. 
d No"-paramettic r.imate of 5th pcrecnti1. at 75% eonhdcna limit. 
( BSV is ?be required bending rtraglh value obtlined by mvltiulylng thc "Fh" by 2.1. 

in. were trimmed to 12 ft long, and 2- by 4-in. 
pieces were trimmed to 8 ft long. Longer pieces 
of lumber that were shortened to the required 
length for testing were regraded by a qualified 
lumber grader. 

All lumber for testing was transported and 
stored inside the Auburn University Forest 
Products Laboratory for a minimum of 3 weeks 
prior to testing. A total of 1,468 pieces oflum- 
ber were tested edgewise in flexure to failure 
with third-point loading according to ASTM 
D 198-84 (1985). The 2- by 6-in. and 2- by 
8-in. pieces were tested over a span of 132 in., 
and the 2- by 4-in. pieces were tested over a 
90-in. span. A Tinius-Olsen hydraulic testing 
machine with a capacity of 120,000 pounds 
was used to test the lumber. For flexure tests, 
the machine was equipped with an extended 
base made from a steel double I-beam 20.5 ft 
long and a steel loading head 7 ft long. Load 
and corresponding deflection-to-failure data 
were obtained with a Hewlett-Packard (H-P) 
data acquisition system connected to an H-P 
desk computer for processing. From the ob- 
tained data, the MOR, MOE, percent MC, and 
specific gravity (SG) for each tested piece of 
lumber were calculated. 

RESULTS AND DISCXJSSION 

Results of the flexural tests of lumber from 
the two 35-year-old stands are reported in Ta- 
bles 3, 4, and 5. Tables 3 and 4 show the flex- 
ural properties of lumber by width, visual 

grade, type of log, number of pieces tested, 
specific gravity (SG), and percent moisture 
(MC) for stands 35A and 35B, respectively. In 
addition, the bending strength value (BSV) re- 
quired by SPIB grading rules for each visually 
graded piece and the stiffness design value, E, 
recommended by SPIB grading rules as the 
average value for each visual grade are also 
shown in Tables 3 and 4. Table 5 summarizes 
the overall flexural properties of all sizes of 
tested lumber from each sample stand by vi- 
sual lumber grade irrespective of the lumber 
origin or log position in the tree. 

The results obtained from the flexural tests 
were used as the basis for making comparisons 
with the required bending strength value for 
each visually graded piece. The process in- 
volved comparing the obtained MOR value of 
every piece to the required bending strength 
value (BSV) of a given visual lumber grade. 
The BSV was calculated by multiplying the 
SPIB required binding design value Fb for each 
grade by the combined adjustment factor 2.1 
for safety and duration of load. This compar- 
ison is shown in Tables 3, 4, and 5 and is 
expressed as a percentage of the number of 
pieces exceeding the requirements to the total 
number of pieces tested. The tables also list 
the percentage of the tested pieces with E val- 
ues above those recommended by SPIB grad- 
ing rules (Southern Pine Inspection Bureau 
199 1) for the visual grade. 

Results in Tables 3 and 4 indicate that the 
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TABLE 4. Flexuralproperties and compliance to visual grades requirements of southern pine lumber oblainedfrom a 
35-year-old Loblolly plantation 8, tesled edgewise according lo ASTM D 198 with third point loading over the spans 
oJ90 inches for 2 x 4's and I 32  inchesfor 2 x 6's and 2 x 8's. 

spin 
SPIB required Meet standards 

I.=% visuai P i m s  M.C. S.Gb MOY MOW Sthd BSVI MOE "Fa" "E" 
type wade tested (%) ( d b )  (MPu] (mi) Ob) (psi) (MPJ~) (%I (%I 

Lumber size 2' x 4" 
Butt 1 159 10.1 0.57 2.093 9,330 3,885 1.7 97 79 
Second 1 82 10.3 0.53 2.052 8,531 3,885 1.7 99 83 
Third 1 21 10.0 0.50 1.774 7,145 3,885 1.7 100 67 
Butt 2 137 10.0 0.52 1.631 6,437 3,150 1.6 95 58 
Second 2 165 9.8 0.52 1.676 5,994 3,150 1.6 91 59 
Third 2 146 9.9 0.49 1.602 5,778 3,150 1.6 90 55 
Fourth 2 53 9.2 0.46 1.403 4,929 3,150 1.6 79 33 
Fifth 2 15 8.8 0.47 1.331 4,032 3,150 1.6 47 20 
Butt 3 14 9.2 0.53 1.612 5,367 1,785 1.4 86 64 
Second 3 20 9.1 0.53 1.740 4,351 1,785 1.4 90 90 
Third 3 32 9.4 0.51 1.683 4,379 1,785 1.4 94 84 
Fourth 3 43 8.9 0.47 1.381 3,783 1,785 1.4 86 58 
Fifth 3 14 9.4 0.48 1.307 3,685 1,785 1.4 79 36 
All logs 1 262 10.2 0.53 1.916 8,905 4,434 3,885 1.7 98 79 

All logs + grades 

Butt 
Second 
Third 
Butt 
Second 
Third 
Fourth 

All logs 

All logs + grades 

Second 
Second 
All Ions + wades 

Lumber size 2" x 6" 
0.60 2.133 9,255 
0.52 1.687 7,103 
0.45 1.834 6,790 
0.60 1.930 7,480 
0.49 1.878 6,398 
0.50 1.595 4,682 
0.55 1.841 4,820 

0.57 2.048 8,771 

Lumber size 2" x 8" 
0.55 2.249 8,324 
0.48 1.734 7,190 

- - 
S a  Table I for Eharancriltic8 of IJ-year-old loblolly plantation A. 
d b  stands for oven-dw basis. 
Numbcn in parenthesis are standard deviations. 

d Non-mrnrnntie cstirnat. of 5th pcmntile at 15% mnldena limit. 
esv is the required bmdingstnngth value obtained by rnuitipiyingthc"~~" by 2.1. 
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TABLE 5. Flexural properties and percent compliance to visual grade requirements of southern pine lumberfrom lwo 
35-year-old loblol1.v pine plantation stands. 

M n t  nandards 
SPlB No. of 

Stand V I S ~ I  DICECS G~ada MC SO M" MOR I.Fb.' "E" 
In m d a  tested (9h) (%in) l d h ,  IMond Iosil 1%) l%l 

35Aa I 100 2 1 9.2 0.54 1.879 6,950 89 66 
2 293 62 9.5 0.51 1.611 5,080 87 47 
3 80 17 9.7 0.52 1.523 4,616 94 53 
All 473 89 52 

All 998 92 64 
a smnd A's baaal area - 106 w. n. 
b stand B's basal a m  - 141 w. fi. 

flexural properties MOR and MOE are influ- 
enced greatly by the log position in the tree. 
Lumber strength and stiffness decrease as the 
log position changes with tree height. The av- 
erage strength and stiffness of 2- x 4-in. and 
2- x 6-in. lumber from butt logs in 35A stand 
are 42 and 25% larger, respectively, than cor- 
responding values from the third logs. In stand 
35B, the average increases of lumber strength 
and stiffness from the butt logs to the third logs 
are 32 and 13%, respectively. Strength and 
stiffness values of lumber from higher posi- 
tioned logs (fourth and fifth logs) are even low- 
er in both stands. 

Results in Table 5 indicate that the overall 
specific gravity appears not to be significantly 
different between stands 35A and 35B. Al- 
though stand 35B is denser in terms of number 
of trees and basal area per acre (Table I), both 
stands most likely possess the same amount 
of juvenile wood since the first thinning on 
both stands took place at age 18 when for- 
mation ofjuvenile wood was more or less com- 
pleted. 

Table 5 also indicates that the visual grade 
distribution of lumber from stand 35B is better 
because it contains proportionately more high- 
er grades than the lumber from stand 35A. 
Visual grades for southern pine lumber are as- 
signed after considering several lumber char- 
acteristics, of which the most important for 
structural properties are the included knots 

(Southem Pine Inspection Bureau 199 1). Knot 
size, number, and distribution influence the 
lumber grade and simultaneously influence to 
a greater degree the flexural strength (MOR) 
and to a lesser degree the flexural stiffness 
(MOE) (Doyle and Markwardt 1966; Mark- 
wardt and Wilson 1935; Southern Pine In- 
spection Bureau 199 1). 

To compare the mean values for both the 
MOE and MOR of lumber having the same 
grade from two stands t-tests were performed 
at 95% level of significance. Table 5 indicates 
that there is a significant difference in MOR 
values for No. 1 lumber grades between stands 
35A and 35B. The mean MOR value of No. 
1 lumber from stand 35B (8,888 psi) is 27% 
larger than corresponding value from stand 35A 
(6,950 psi). Possibly, sizes of knots in No. 1 
lumber from stand 35B were smaller than those 
in No. 1 lumber from stand 35A because stand 
35A was subjected to second thinning. The 
second thinning promoted the development of 
larger-sized knots, albeit within the limits of 
No. 1 grade. The same explanation is offered 
for the significantly larger mean MOR value 
of No. 2 lumber from stand 35B (5,960 psi) 
compared with the corresponding value of No. 
2 lumber from stand 35A (5,080 psi). 

On the other hand, Table 5 indicates that 
there is no significant difference in mean MOE 
values for the same lumber grade from the two 
stands. This can be attributable to the fact that 
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the influence of knot sizes on lumber stiffness REFERENCES 

is small (Doyle and Markwardt 1966; Mark- AMEnlcm SOC~EN FOR T ~ M G  AND MATERIAIS. 1985. 
wardt and Wilson 1935; Southern Pine In- Standard methods of static tests oftimbers in standard 

spection Bureau 199 1). sizes. D 198-84. Standard method for establishing stmc- 

Finally, indicates that the overall tural grades and related allowable properties for visually 
graded lumber D 245-81. Annual book of ASTM Stan- 

compliances to required design flexural strength dards, Section 4, Val. 04.09. Philadelphia, PA. 
and stiffness values for stand 35A are 89% and ~ - r n m .  B. A. 1978. hoperties of wood from im- 
52%, respectively, while for stand 35B the cor- proved and intensively managed trees. Forest h o d .  J. 

responding compliances are 92% and 64%, re- 28(10):61-72. 
,AND]. SENFT. 1986. Mechanical and anatomical spectively. This means an improvement of 3% proppeniesin individual growthrings ofplantation -grown 

and 12' in compliance in strength and stiff- eastem coi~onwood and loblolly pine. Wood Fiber Sci. 
ness, respectively, to the required design val- 18(1):23-38. 
ues for the visual lumber grades tested from 
the denser stand 35B. 

CONCLUSIONS 

Based on the results of this study, it appears 
that higher density stands of loblolly pine plan- 
tations are expected to produce dimension 
lumber with greater degree of compliance to 
required design strength and stiffness values of 
corresponding lumber visual grades. The study 
shows that lumber from a 35-year-old loblolly 
nine ~lantation with a 70/25 site index. 8- x 
8-ft original spacing, and thinned twice (at age 
18 and 27), has about 89% and 52% compli- 
ance to required design flexural strength and 
stiffness values, respectively. A similar plan- 
tation, but representing a denser stand since 
thinning was done only once at age 18, was 
found to yield lumber that has about 92% and 
64% compliance to required design flexural 
strength and stiffness values, respectively. From 
the results of this study and a previous study 
(Biblis et al. 1993) by the authors, it is now 
evident that even dense stands (e.g., stand 35B) 
must be older than 35 years of age before they 
can be harvested for lumber production to en- 
sure attainment of at least 95% compliance to 
required design values. More studies are def- 
initely needed to determine the appropriate 
harvest age. 
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