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Abstract 
An early focus on structural use of processed rather than round timber resulted in an 

underestimation of the structural advantages of retaining the natural form of small-di- 
ameter round timber. In the round and tapered form, timbers are not susceptible to the 
strength-reducing effects of diving grain and exposed juvenile wood. Fiber continuity 
around knots on the surface of a debarked log rarely exhibits the stress concentration 
and fracture propagation commonly seen in disrupted grain around knots in lumber. 
Symmetry of material properties about the centroidal axis in a round timber improves 
the efficacy of standard section property equations derived for uniform isotropic mate- 
rials. Ignoring these benefits and comparing the strength of round and processed tim- 
bers solely on the basis of section property, the round section has from two to fourtimes 
the bending load design capacity of any standard-sized processed timber that could be 
sawn from it. 

D ense stands of small-diameter 
trees (< 9 in., 5 ft. [< 228 mm, 1.5 m] off 
the ground) present a threat to our Na- 
tional Forests. Low demand for these 
trees makes it difficult to encourage 
thinning by private companies and thin- 
ning is prohibitively expensive for the 
government. One solution appears to be 
to develop value-added markets for this 
material, and one potential market is tim- 
ber frame structures. 

Structural use of small-diameter trees 
represents a major shift from tradition. 
This is especially true in the western 
United States, where the abundance of 
large trees encouraged rapid growth and 
evolution of the lumber industry. Larger 
trees yield structural lumber over a vari- 
ety of standard widths. The mix of sizes 
results in £ 90 percent yield of usable 
material from these trees. Small trees 
can be processed into lumber, but the 
conversion efficiency is reduced with 
log size. 

In addition to the obvious size limita- 
tions on yield small trees containing a 
large proportion of juvenile wood often 
yield poor lumber quality. Juvenile wood 
is laid down within the active crown of 
the tree. It has characteristically lower 
strength and stiffness, greater longitu- 
dinal shrinkage with drying, and a larger 
proportion of knots than does mature 
wood that is produced below the active 
crown. Once the active crown moves 
higher in the tree to compete in the for- 
est canopy, branches become less active 
and eventually die. In some cases, 
branches fall off, leaving a knot to be 
grown over by mature wood. In any case, 
knots rarely continue to grow in diame- 
ter in the mature wood of trees harvested 

for lumber production. Knots therefore 
take up a smaller portion of the circum- 
ference and cross section in mature wood 
than in juvenile wood. 

Reduced efficiency and quality asso- 
ciated with milling structural timbers 
from small-diameter trees that contain a 
large proportion of juvenile wood re- 
duces the incentive to harvest these trees. 
There are, however, some advantages to 
using the stems from these trees in their 
natural form. Trees have evolved as struc- 
tural elements efficiently designed to re- 
sist bending stresses. As the tree grows 
in height to compete for sunlight, it must 
either lay down stronger (mature wood) 
fiber or more fiber in the outer layers of 
the trunk to resist the higher bending 
moments caused by wind. Retaining this 
sheath of mature wood around the juve- 
nile-wood core provides a bending ele- 
ment with strength and stiffness that has 
a higher mean value and lower vari- 
ability than does lumber that is produced 
by sawing. Moreover, exposing juvenile 
wood by sawing can increase the ten- 
dency for warp. 

Because small-diameter trees are nat- 
urally suited to use as bending elements, 
it seems logical that greater effort be ex- 
pended to develop opportunities for 
their structural application in a round 
form. The only processing required for 
the debarked log is drying (air or kiln). 
Production of lumber from small-diam- 
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eter trees requires sawing, grading, re 
moval/recycling of residual sawdust and 
slabs, and careful stacking and weight- 
ing of the lumber for kiln-drying to min- 
imize warp. In addition to lower process 
ing costs, tapered round timber has higher 
average strength and lower variability 
than does lumber that is produced from it. 
These facts support the premise that struc- 
tural applications of tapered round tim- 
bers have great potential for adding the 
value needed to encourage increased har- 
vest. 

The load capacity of any structural el- 
ement is dependent on its physical di- 
mensions as well as its material strength. 
Empirical data support the premise that 
the bending strength of round wood is 
greater and less variable than that of the 
lumber it would yield, besides the fact 
that the effective section properties of 
round wood are larger than those of lum- 
ber produced from it. This premise, how- 
ever, is based primarily on tests of large 
poles and of commodity market lumber 
that had not been sawn from small-diam- 
eter trees. Research is being done to ob- 
tain a more accurate assessment as appli- 
cable to small-diameter trees. 

Objective 
This paper evaluates the structural ad- 

vantage of using small-diameter round 
timber in its natural form compared with 
sawing this wood to produce structural 
lumber. The purpose of this exercise is 
to quantify the potential advantage of 
promoting the structural use of tapered 
round timbers on the basis of geometri- 
cal considerations. 

Lite rat u re 
There are currently few structural ap- 

plications for round timbers; they have, 
however, been used in utility structures 
for more than 100 years in the United 
States. Standards are available for the 
specification and design of round tim- 
bers for use in utility structures (ASC 
2002), pile foundations (ASTM 1999, 
2001), pole frame storage buildings 
(ASAE 1978, ASTM 2000), and log 
buildings (ASTM 1996). The Ac- 
credited Standards Committee (ASC), 
which oversees the maintenance of stan- 
dards for utility poles, has compiled a 
database comprised of more than 4,000 
pole tests for U.S. domestic species that 
is used to support the derivation of de- 
sign strength for utility structures. How- 
ever, timber pile and pole building de- 
sign values are still based on strength 

tests of small, clear wood. Existing de- 
sign procedures recognize lower variabil- 
ity and lower sensitivity to grade effects 
for round timbers (AF&PA 1997; 
ASTM 2000,2001; ASC 2002) as op- 
posed to lumber, but as a result of lim- 
ited markets, these values are not widely 
recognized in building codes for appli- 
cations in more highly engineered appli- 
cations. 

Engineered use of round timber has 
been demonstrated in a wide variety of 
structural applications (VTT 1999, Wolfe 
et al. 2000). Incompatibility with con- 
ventional construction and limited under- 
standing ofjuvenile wood effects on con- 
nection capacity appear to be the primary 
factors that inhibit the development of 
widely recognized design standards. 

Load capacity 
The load capacity of any structural 

member is a function of its material 
strength and section properties. Natu- 
rally, reducing section property reduces 
load capacity, making any sawn timber 
weaker than the round timber it was 
sawn from. Machining the surface of the 
raw log also creates a perceived material 
strength loss in that stress concentration 
points initiate fractures and effectively 
reduce the calculated extreme fiber 
stress at failure. These stress concentra- 
tion points also influence an increased 
strength variability. The result of 
reduced section property, lower mean 
strength, and higher variability for ma- 
chined sections is a lower design load 
capacity. This is especially true for tim- 
bers loaded in bending. The round ta- 
pered section of the natural small-diam- 
eter tree stem potentially has two to four 
times the bending load design capacity 
of any standard-sized timber that can be 
sawn from it. A brief review of the sec- 
tion and material properties of round 
timber provides some support for efforts 
to promote structural use of small diam- 
eter timber in its natural tapered form. 

Section properties of round 
and rectangular beams 

In comparing round and rectangular 
beams, two section properties must be 
considered. Beam design may be con- 
trolled by the moment of inertia ( 1 ) or by 
section modulus ( S ). Moment of inertia 
( 1 ), the second moment of the area about 
the neutral axis of the cross section, mul- 
tiplied by the bending modulus of elas- 
ticity, gives a measure of stiffness or re- 
sistance to deflection. Section modulus 

( S I, divided by distance from extreme 
fiber to neutral axis), when multiplied 
by the allowable extreme fiber stress, 
gives an estimate of the moment or 
bending-load capacity of the beam. 

These two section properties ( I and S ) 
are basically composite estimates of the 
amount of material weighted by its dis- 
tance from the neutral axis. They are de- 
rived assuming that the material proper- 
ties are uniform throughout the section 
and are generally applied assuming that 
the “neutral” axis, referring to an axis of 
zero stress (where compressive stress on 
one side is balanced by tensile stress on 
the other side) coincides with the geo- 
metric center or centroidal axis inde- 
pendent of the stress level. This assump- 
tion is generally accepted in design and 
is therefore appropriate for the compari- 
son of round and rectangular timber sec- 
tion properties. 

Stress control. — The bending mo- 
ment capacity of a beam is a product of 
the bending stress at failure or modulus 
of rupture (MOR) and the section modu- 
lus. As wood is not a uniform isotropic 
material, sawing can have a significant 
impact on MOR by exposing juvenile 
wood or grain deviations (at knots or re- 
sulting from natural taper) to regions of 
high stress. In this paper, we only deal 
with geometry and assume that MOR is 
not affected by processing. In this case, 
the ratio of moment capacities for rect- 
angular as opposed to round sections is 
simply the ratio of their section moduli. 
A rectangular section loaded perpendic- 
ular to its narrow face ( b ) would have a 
section modulus given by Equation [ 1 ]: 

The round section has a section mod- 
ulus given by Equation [ 2 ]: 

As shown in Figure 1, the maximum 
dimensions of a rectangle of any given 
aspect ratio ( h:b ) sawn from a circular 
section can be determined by setting the 
diameter ( d ) of the circle to the diagonal 
of the inscribed rectangle: 

[ 3 ] 

Given that the diagonal of the rectan- 
gular section is always equal to the di- 
ameter of the circle, the maximum sec- 
tion modulus ratio ( SR = round:rectangu- 
lar) would fall in the range of 1.5 to 3 
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Figure 1. — Rectangular section limited by small-end diameter (d) and standard di- 
mensions (b x h). 

Figure 2. — Tapered beam contains added material (shaded) where moments are 
largest. 

Table 1. — Taper effect on ratio of tapered vs. uniform section beam load capacity. 

Location of maximum Moment capacity ratio Effective stiffness ratio 
stress in tapered beama (tapered to uniform) (tapered to uniform) 

( L t / Ct ) Max stress deflection Uniform load load Uniform load load 
a Max Center-point Center-point 

0.000 0.50 0.50 1.00 1.00 1.00 1.00 
0.150 0.45 0.48 1.22 1.24 1.32 1.34 
0.200 0.43 0.48 1.28 I .33 1.44 1.46 
0.300 0.40 0.47 1.41 1.52 I .70 1.75 

aDistance expressed as fraction of beam length from tip. 

(see SR in Appendix) for American 
Lumber Standard (ALS) sizes taken 
from round sections ranging from 4 to 9 
inches (1 00 to 230 mm) in diameter. Of 
course, logs do not grow in standard in- 
crements equal to the diagonal dimen- 
sion of ALS sizes, so the diagonal of 
standard sawn timber will generally be 
less than that of the log diameter, result- 
ing in higher SR values. For example, a 
nominal 3- by 4-inch (standard 64- by 
89-mm) timber cut from a 7-inch-(178- 
mm-) diameter log would yield SR > 6. 

Some people argue that the ratio is not 
that great because the rectangular sec- 
tion loaded on its diagonal has a greater 
section modulus. While valid from a the- 

oretical perspective, this argument is im- 
practical from a structural perspective 
and is not considered here. 

Deflection control. — In the majority 
of cases, timber beam structural applica- 
tions are controlled by a deflection limit, 
rather than a stress limit. In these cases, 
the load capacity ratio (round:rectan- 
gular) is a function of the section I. If we 
assume modulus of elasticity does not 
change with machining, and again as- 
sume uniform sections along the length, 
the load capacity ratio is simply the ra- 
tio of I values for rectangular to round 
sections. 

Following the same logic as that used 
for deriving the section modulus ratio, 

the maximum round-to-rectangular ra- 
tio (IR) for sections having the same 
diagonal/diameter and standard thick- 
ness dimensions will range from 1.8 to 
3.1. If restricted to ALS standard depth 
dimensions, this ratio increases to the 
range of 2.3 to 4.2, giving the round sec- 
tion a load capacity that could poten- 
tially range from 1.8 to 4.2 times that of 
the rectangular section. 

Tapered vs. uniform timber 
Taper adds to the capacity of a round 

timber by providing added section where 
moments are largest. In the case of a 
simply supported beam (Fig. 2), the max- 
imum stress location varies with load and 
taper. Under a center-point load, the max- 
imum stress for a tapered log with taper 
less than the small-end diameter divided 
by the length (majority of small-diame- 
ter logs) will occur at mid-span. For a 
uniformly loaded beam, the location of 
maximum stress (  M/S )  will vary with 
the taper. The location can be calculated 
by setting the first derivative of the M/S 
equation to zero and solving for distance 
from the tip. This value is given in Table 
1 as the fraction of the span from the tip 
end. The ratio of section modulus at any 
point over the span of a tapered round 
beam to that at its tip will be: 

[ 4 ] 

where: 
Ct = tip circumference (in.) 
k = fraction of length from 

tip end 
t = circumference taper ex- 

pressed as proportion of 
change in length 

L = span length (in.) 
To remove the effect of units from this 

expression, substitute a for L t / Ct : 
[ 5 ] 

The effective stiffness ratio (Table 1) 
was calculated as the ratio of the maxi- 
mum deflection of a uniform vs. a ta- 
pered round timber. The maximum de- 
flections for the tapered section under 
uniform load occurred at 47 to 50 per- 
cent of the beam length from the tip. In 
the case of the center-point loads, maxi- 
mum stress as well as maximum deflec- 
tion was assumed to occur at mid-span. 

Because the small-diameter logs con- 
sidered for beams will rarely exceed 20 
feet (6 m) with a 2 percent ( t = 0.02) cir- 
cumference taper and a 5-inch (127-mm) 
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Table 2 — Comparison of bending capacity on basis of geometry alonea 

Capacity ratio 
Sawn timber dimension round rectangular 

Tip diameter b h Stress Stiffness 

4 100 1 5  38 3 5  89 21 3 5  
5 130 3 5  89 3 5  89 22 3 4  
6 I50 3 5  89 4 5  I14 2 2  3 2  
7 180 3 5  89 5 5  140 2 3  3 1  
8 200 5 5  140 5 5  140 2 2  3 3  

(in) (mm) (in.) (mm) (in.) (mm) 

aValues based on a 12-foot (3.6-m) span round beam with 2 percent circumference taper 

small-end diameter ( C t = 15.7 in.), the 
maximum expected value of a would be 
0.30. For larger small-end diameters and 
shorter lengths, the unit-less value of a is 
reduced, reaching zero at the point the 
end circumferences are equal or taper is 
zero. 

This analysis shows that taper alone 
provides a significant increase in the 
load-carrying capacity of a beam, whether 
controlled by fiber stress or deflection. 
Within the range of realistic round tim- 
ber lengths and taper, beams of tapered 
section whose design is controlled by fi- 
ber stress could have a moment capacity 
as much as 52 percent higher than that of 
a beam of uniform diameter. If the de- 
sign is controlled by deflection, the more 
likely case, this ratio can exceed 1.7. 

Tapered round vs. 
standard dimension 

Adjustments for round vs. rectangular 
and for tapered vs. uniform section are 
multiplicative. If we have an option of 
cutting a standard dimension rectangu- 
lar timber from a uniform round log hav- 
ing a diameter equal to the diagonal of 
the rectangular section, the load capac- 
ity of the round section will range from 
1.5 to 3.0 times that of the rectangular 
sawn timber (see Appendix), depending 
on stiffness or deflection control. As 
shown in Table 1, a tapered round log 
with a = 0.15 could reasonably have 30 
percent higher load capacity than that of 
a uniform round log. Multiplying these 
factors together suggests that a tapered 
round log could have a bending load ca- 
pacity that is 2 to 4 times the capacity of 
the rectangular section. 

Table 2 provides an analysis of a spe- 
cific set of tapered logs, 12-foot- 
(3.6-m-) long logs with 2 percent taper. 
Standard dimension timbers were se- 
lected on the basis of log tip dimensions. 
Load capacities were then evaluated on 
the basis of section modulus at the maxi- 

mum stress location and on the basis of 
beam deflection ratios. 

This analysis suggests that on the ba- 
sis of geometry alone, the bending load 
capacity of the tapered round beam is 
significantly greater than that of the 
largest sawn timber. This advantage is 
related to the small-end diameter, which 
is generally greater for smaller logs. How- 
ever, the relationship is clouded by the 
limitations imposed by standard sawn 
timber sizes. 

Other considerations 
Other factors to consider when evalu- 

ating the effective load capacity of a 
small-diameter round timber include the 
effects of grade and variability on beam 
design, the advantages of round over 
square shape, and the waste generated 
by sawing. These factors are associated 
with reliability and fiber use efficiency 
and therefore, with cost competitiveness 
of the end product. 

Grade and variability effects 
Because round timber has not been 

widely used for structural applications, 
it has not received the attention given to 
sawn timber in terms of the derivation of 
design values. Experience in the areas of 
log stringer bridges (Tuomi et al. 1979), 
utility structures (Wood et al. 1960), 
and pile foundations (Bodig and Arnette 
2000), however, has shown round timber 
strength to be relatively insensitive to 
h o t s  and grain deviations. These stud- 
ies show MOR coefficients of variation 
(COVs) ranging from 12 to 20 percent 
for poles of a variety of species and 
sizes, with lengths from 25 to 80 feet (7 
to 24 m) and small-end diameters from 
< 6 to > 15 inches (< 152 to > 381 mm). 
Lumber, on the other hand, is sensitive to 
natural defects and must therefore be 
sorted to limit the effects of these grade- 
reducing characteristics on strength vari- 
ability. Even with visual grading, Doyle 
and Markwardt (1966) showed graded 

lumber to have MOR COV values in the 
range of 24 percent for No. I dense 
southern pine to 34 percent for No. 2 
dense southern pine. 

Differences between the strength pro- 
perties of round and sawn timber are pri- 
marily associated with surface continu- 
ity. Grain on the surface of a tapered log 
runs parallel to the surface and flows 
around knots. In some cases, dead 
branches fall and mature wood subse- 
quently grows over the knots, preventing 
the knots from disrupting the flow of 
stresses on the surface of the timber. 
When lumber is sawn, hidden knots are 
once again exposed and the grain devia- 
tion around the h o t  often ends at a 
rather steep angle to the sawn surface. 
This “diving” grain can have a major im- 
pact on strength at the location of the 
knot (Gerhards 1972). This effect is ex- 
hibited primarily as an increase in 
strength variability brought on by early 
failure at stress concentration points 
where grain comes to the surface. Data 
are limited on these effects as applied to 
peeled logs, as opposed to debarked logs. 
Peeling is generally not as critical in 
terms of the angle of the fiber to the sur- 
face, but it does expose juvenile wood, 
knots, and reaction wood which act as 
local areas of weakness. 

If there is no significant difference in 
the average extreme fiber strength for 
round and sawn timber, the lower vari- 
ability could result in a design value that 
is 30 percent greater for a round section. 
The standard approach to deriving tim- 
ber design stress is based on strength at 
the lower 5 percent exclusion of a nor- 
mal distribution. Assuming the MOR 
COV is 30 percent for graded lumber 
and 20 percent for tapered round timber, 
the ratio ( R d) of lower 5 percent exclu- 
sion values for tapered logs vs. lumber 
would be: 

[ 6 ] 

Multiplying this by the section factors 
of 1.5 to 3 discussed earlier results in a 
design capacity for the round tapered 
section that is 2.5 to 5.3 times that of a 
section sawn from it. A factor of 3 for 
load capacity of a round tapered section 
should provide sufficient incentive to de- 
velop efficient methods to take advan- 
tage of the structural capabilities of this 
material in its natural form. 

Juvenile wood is another physiologi- 
cal property that can reduce mean stre- 
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Table 3. — Volume conversion, round to sawn timber.a 

Sawn timber/log volume 
Largest A Largest S/I A -match S/I -match Tip diameter 

(in.) (mm) 
4 100 2 by 4 2 by 4 0.34 0.34 
5 130 4 by 4 4 by 4 0.52 0.52 
6 150 4 by 5 4 by 5 0.48 0.48 
7 180 5 by 5 4 by 6 0.46 0.44 
8 200 6 by 6 6 by 6 0.36 0.54 

aAssumes all logs are straight, I2 feet (3.6 m) long, with 2 percent linear circumference taper, no downfall 
due to degrade, one sawn timber per small-diameter round timber 

bAmerican Lumber Standard Committee, Inc. (1999) 

ngth and increase variability for dimen- 
sion lumber from small-diameter trees. 
Small-diameter logs maintained in the 
round form will often encase juvenile 
wood in a sheath of mature wood. A 
number of studies (Bendtsen and Senft 
1986; Pearson and Gilmore 1971; A. 
Clark, III, personal communication) have 
shown that juvenile wood strength may 
vary from as low as 10 percent of the 
strength of mature wood at the pith to 90 
percent of mature wood strength by 15 
years. These values are species specific 
as well as site specific. 

Form effect 

Newlin and Trayer (1 924) discovered 
a “form” effect that predicts an 18 per- 
cent greater bending moment capacity 
for a round section than for a square sec- 
tion. Newlin observed that the bending 
strength of clear wood cut to a uniform 
round section having a 4-in. 2 (25.8-cm2) 
cross-sectional area had the same bend- 
ing moment capacity as standard 2-inch 
(51-mm) square clearwood test speci- 
mens. The square specimen, however, 
has an 18 percent greater section modu- 
lus, which means that it should have 18 
percent higher bending load capacity. 
Newlin and Trayer proposed, therefore, 
that bending stress derived from standard 
small, clear tests should be increased to 
account for this form effect when applied 
to round timbers. Although this phenom- 
enon has never been shown to be appli- 
cable to timbers in structural sizes, 
Newlin’s form factor has been referenced 
in the derivation of allowable stress for 
poles (Wood and Markwardt 1965) and 
piles (ASTM 2001). 

Newlin and Trayer’s factor is not a ra- 
tio of effective section modulus, as dis- 
cussed earlier. The effect they observed 
is most likely due to some inaccuracy in 
the material assumptions that form the 

basis for the stress prediction. They did 
not note a stiffness advantage, so it is 
possible that the effect is in some way 
related to stress redistribution in the cross 
section beyond the proportional limit. In 
any case, if this represents a characteris- 
tic difference between the behavior of 
square and round sections, then it im- 
plies some inherent advantage for round 
beams when extreme fiber stress con- 
trols and a conventional design proce- 
dure is used. 

Low-value residuals 

Using round timber to produce struc- 
tural lumber is risky and inefficient from 
the perspective of quality and use of 
wood fiber. Table 3 provides an evalua- 
tion of the portion of fiber recovered in 
the form of sawn timber from round 
members with small-end diameter £ 9 
inches ( £ 228 mm). The fact that sawing 
primarily removes mature wood and 
leaves juvenile wood generally means a 
decrease in overall quality and allowable 
stress. If we assume that to minimize 
cost, the mill elects to take only one piece 
of sawn timber of a structural size from 
each small-diameter round timber, this 
also means that < 60 percent of the round 
timber volume will be recovered in the 
form of a structural timber product. 

Table 3 shows the volume of fiber re- 
covered in the form of sawn timber from 
12-foot- (3.6-m-) long logs with a cir- 
cumference taper of 2 percent. The re- 
covery values range from 34 to 52 per- 
cent when sawing for either the maxi- 
mum possible volume (largest A ) or 
bending strength or stiffness (maximum 
S or I ). These values are also influenced 
by the fact that the sizes being produced 
are standard timber sizes. If calculated 
strictly on the basis of the largest square 
section that can be obtained the ratios 

would range from 0.51 to 0.57, increas- 
ing in proportion to the log diameter. 

Conclusions 
Small-diameter round timber beam el- 

ements used in their natural round and 
tapered form present a more efficient 
use of small-diameter material than does 
commodity market sawn lumber or tim- 
bers. On the basis of geometric consid- 
erations alone, round timber will have 
between two and four times the load ca- 
pacity of any solid-sawn structural tim- 
ber produced from it. Limited data com- 
piled from tests of utility poles, piling, 
and logs for timber bridges suggest that 
visual grading has less effect on round 
timber strength than on lumber strength 
in part as a result of lower strength vari- 
ability. The bending strength of round 
timber has a COV in the neighborhood 
of 20 percent as opposed to 30 percent 
for visually graded lumber. Taking this 
lower variability into account only serves 
to increase the design advantage of 
round timbers vs. processed small-di- 
ameter timbers. This conclusion needs 
further confirmation through tests of 
small-diameter round sections. 

The “form” effect has never been con- 
firmed for structural sizes. In a round 
timber where material properties are 
symmetric with respect to the centroidal 
axis, bending stress distribution is more 
likely to fit standard section property 
assumptions employed by conventional 
design equations for bending strength. It 
therefore seems likely that failure stress 
is more accurately estimated for round 
timbers than for sawn timbers. While the 
form factor is recognized, it is generally 
not used to the extent suggested by 
Newlin and Trayer (1924). The appro- 
priateness of this adjustment for struc- 
tural sizes should be verified. 

Tapered beams of approximately 
round cross section offer many challenges 
for use in construction. Their tapered 
section and non-uniform outside dimen- 
sions present challenges in the areas of 
construction details and connections. 
However, their load capacity, when com- 
pared to that of any member that can be 
sawn from them, strongly supports ef- 
forts to promote value-added structural 
uses as a means of encouraging private 
industry to harvest and use this resource. 
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Appendix. Standard dimension vs. round section properties. 

Section properties for rectangular and round sections, 9 inch ( 228 mm) diameter, with same diagonal (diameter). 

b h D a A S I Ao So Io AR SR IR 
1.5 3.5 3.81 5.3 3.1 5.4 11.4 5.4 10.3 2.2 1.8 1.9 
1.5 4.5 4.74 6.8 5.1 11.4 17.7 10.5 24.9 2.6 2.1 2.2 
1.5 5.5 5.70 8.3 7.6 20.8 25.5 18.2 51.8 3.1 2.4 2.5 
2.5 3.5 4.30 8.8 5.1 8.9 14.5 7.8 16.8 1.7 1.5 1.9 
1.5 7.25 7.40 10.9 13.1 47.6 43.0 39.8 147.5 4.0 3.0 3.1 
3.5 3.5 4.95 12.3 7.1 12.5 19.2 11.9 29.5 1.6 1.7 2.4 
2.5 5.5 6.04 13.8 12.6 34.7 28.7 21.6 65.4 2.1 1.7 1.9 
3.5 4.5 5.70 15.8 11.8 26.6 25.5 18.2 51.8 1.6 1.5 2.0 
2.5 7.25 7.67 18.1 21.9 79.4 46.2 44.3 169.8 2.5 2.0 2.1 
3.5 5.5 6.52 19.3 17.6 48.5 33.4 27.2 88.7 1.7 1.5 1.8 
4.5 4.5 6.36 20.3 15.2 34.2 31.8 25.3 80.5 1.6 1.7 2.4 
3.5 7.25 8.05 25.4 30.7 111.1 50.9 51.2 206.2 2.0 1.7 1.9 
5.5 5.5 7.78 30.3 27.7 76.3 47.5 46.2 179.7 1.6 1.7 2.4 
5.5 7.25 9.10 39.9 48.2 174.7 65.0 74.0 336.6 1.6 1.5 1.9 

aSection diagonal D = 
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