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Summary

This report presents the results of standard tests of strength and related
properties for ponderosa pine (Pinus ponderosa) grown in the Black Hills of
South Dakota. Average specific gravity and most strength properties were
found to be higher for the ponderosa pine of the Black Hills than the average
values published for the species, which are based on earlier tests of wood
from other growth areas. Hence, published values of basic stresses for
clear wood and working stresses for various grades of structural material
can be considered applicable to ponderosa pine grown in the Black Hills.

Introduction

How strong is ponderosa pine from the Black Hills? Are the mechanical
properties of Black Hills ponderosa pine typical of the published values for
the species -- even though these values were obtained from wood grown in
other areas?

-l.Former collaborator, U. S. Forest Products Laboratory. Now member
of staff, Philippine Forest Products Laboratory, College Laguna,
Philippine Islands.

—Maintained at Madison, Wis. , in cooperation with the University of Wisconsin.
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These questions arise largely because of the wide distribution of ponderosa
pine in the western United States. Strength and related properties of the
species were established before 1918 from evaluations of ponderosa pine
from the Cascades, Sierra Nevadas, and both Northern and Southern Rocky
Mountains -- but not the Black Hills. Since this area represents the eastern-
most part of the tree's natural growth range and has become commercially
important, the mechanical properties of Black Hills ponderosa pine were in-
vestigated to compare them with the species standards.

Material

The logs (Shipment 1701) used in this investigation were from trees cut in
Pennington County, S. D., under the direction of the Rapid City Research
Center of the Rocky Mountain Forest and Range Experiment Station. Com-
plete accounts were recorded on standard forms to describe the selection
areas and site characteristics, together with detailed data relating to each

sample tree.

The topography was mountainous; soil was generally dry with good natural
drainage; and streams had only intermittent flow. Absolute elevation of the
collection area was about 4,600 feet. The selected trees were in stands com-
posed almost entirely of ponderosa pine.

No data for average annual rainfall were available for the sample area, but
at Rochford, 10 air miles west-northwest of the area, rainfall averages
about 21 inches annually. Some logging was done in 1921 and 1929, and the
area also shows evidence of some fire damage. Figures 1 and 2 show typi-
cal stands of ponderosa pine in the area.

Tests were made on material cut 8 to 16 feet above the stump (c-d bolts);"‘
from eight representative trees, and bolts from three additional heights in
tree No. 8 were also tested. Figure 3 shows the cross-section of tree No.
3 at the 12-foot height. Figure 4 shows end views of test sticks selected
to represent average, slow and fast growth. Tree No. 5 was decayed near
the pith, necessitating the elimination of tests from that area.

3
—Each 4-foot section of a tree is designated as a "bolt." These are assigned
letters a, b, c, etc., commencing at the butt of the tree and proceeding

upward.
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The average growth rate of the trees included in this shipment was slower
than in five of the six shipments previously tested from other regions, and

in some Black Hills trees the growth was exceptionally slow. There was a
high percentage of sapwood in the South Dakota logs. Trees were from 10

to 20 inches in diameter at breast height, with merchantable lengths ranging
from 40 to 58 feet. Estimated age of the trees ranged from 105 to 203 years.

Test Procedure

This shipment of ponderosa pine was collected, prepared, and tested in ac-
cordance with the American Society for Testing Materials' Designation
D 143-52, "Standard Methods of Testing Small Clear Specimens of Timber."

The 8-foot double length bolts permitted the usual formation of composite
bolts for tests of well-matched material in the green and dried conditions.
Sticks to be used for dry specimens were kiln dried under a mild drying
schedule to about 12 percent moisture content. ‘Specimens cut from these
sticks were conditioned to essentially constant weight at 75° F. and 64 per-
cent humidity before being tested.

Some restrictions were encountered in the selection of test specimens be-
cause of the relatively small size of the trees and the presence of knots.
Less than the usual four pairs of radial and tangential shrinkage pieces
could be obtained. In accordance with standard practices many of the minor
tests were made on pieces taken from the ends of uninjured bending speci-
mens. Tests of cleavage and tension perpendicular to the grain were some-
what limited, especially in the dried material. No tests were made of ten-
sion parallel to the grain.

Data

Average values are listed in tables 1 and 2 for the principal mechanical

properties of individual trees in the Black Hills shipment. Tables 3 and 4
show average values, 4 in both the green condition and at 12 percent mois-
ture content, for shipments of ponderosa pine previously tested, together

4

—Markwardt, L. J., and Wilson, T. R. C. Strength and Related Proper-
ties of Woods Grown in the United States. U. S. Dept. Agr. Technical
Bulletin 479. 1935.
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with revised averages for the species after the addition of the Black Hills
shipment.

Tables 5 and 6 show the results of tests of wood toughness and nail with-
drawal resistance in ponderosa pine from the Black Hills. The toughness
tests were made on pieces of wood 0.79 by 0.79 inch in cross-section and 11
inches long. These are the first toughness values available for the species.
Nail-pull tests were made on 2- by 2- by 6-inch specimens, using plain nails.
Most earlier tests of nail-withdrawal resistance were made with cement-
coated nails. Data from one earlier shipment, where both plain and cement-
coated nails were used, are included in table 6.

Discussion

Although all eight trees tested were from a relatively small area in one sec-
tion of the Black Hills, there is every reason to believe the shipment can be
considered typical of ponderosa pine from that portion of its growth range.
Experience has shown that, when typical trees are selected from a representa-
tive area, the variability within such a shipment is generally quite large, and
approaches the variability of a much larger number of trees taken from widely
separated areas within the natural growth range of a species.

Ponderosa pine grows in areas that are widely separated geographically.
Under such conditions one might expect trees to differ quite markedly when
grown in such scattered areas as the Sierras and Cascade Mountains of the
Coastal States, the Northern and Southern Rocky Mountains, and the Black
Hills. It is of particular interest, therefore, that Black Hills ponderosa
pine, as represented by these tests, differs little from the average of six
previous shipments from various areas. The difference is so slight that the
revised average values for the species, both green and dry materials, are
changed only slightly by addition of this shipment, and then generally upward.

This Black Hills sample grew at a somewhat slower rate than the average of
the six previous shipments. The growth rate was about the same for the
Black Hills as for material collected in Arizona, and only the growth in the
Colorado sample was slower.

Radial and tangential shrinkage averaged about as low for the Black Hills
specimens as for any of the four earlier shipments for which such data are
available; therefore, these values were lower than the average previously
published for the species. Volumetric shrinkage average a little higher than
the previous averagedfor the species, but the difference is of no consequence.
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The average specific gravity of the Black Hills sample, based on weight
when ovendry and volume when green or at 12 percent moisture content,
was higher than four of the earlier shipments, representing Arizona, Mon-
tana, and two places in California; was about equal to the Colorado sample;
and was lower than the one from Washington. Inasmuch as property values
are generally fairly well related to specific gravity, it could be expected
that Black Hills ponderosa pine would also compare favorably in strength
with material from other areas. The data bear out that supposition.

Tables 1 through 4 show that, in most properties, average values for Black
Hills ponderosa pine tended to be higher than those for all previous shipments
except the denser sample from Washington, for which data are not available
in many properties. The major exceptions to that trend are proportional
limit values in compression parallel and perpendicular to the grain.

In those cases, the apparently lower average values do not reflect a real re-
duction in property values but rather a difference due to modifications in
testing techniques.

All of the previous shipments of ponderosa pine were tested before 1918.
Since then, test methods have been developed that permit more accurate
measurement of stress-strain data in static tests. In all species these de-
velopments have tended to reduce the apparent values for proportional limit
and such associated properties as work to proportional limit.

When this factor is taken into account, it is evident that the properties of
Black Hills ponderosa pine compare favorably with those of ponderosa pine
grown elsewhere. In static bending tests in the green condition, for example,
modulus of rupture is about 10 percent higher for the Black Hills specimens
than the average of the previous shipments; modulus of elasticity is about 14
percent higher; work to maximum load is 8 percent higher; and total work

is about 60 percent higher. A comparison of values from tests of dry material
also shows substantial increases for the Black Hills wood in those properties.

Values for maximum crushing strength, impact bending, hardness, and ten-
sion perpendicular to grain are also higher than the previous species averages,
both in the green and dry conditions. Shear values in the green condition are
about 13 percent higher than the previous average, but about 12 percent lower
in the dry condition. On the other hand, cleavage values showed no increase
over the previous species average when green, but showed about a 9 percent
increase when dry. Such variations among properties are not uncommon and,
as a whole, substantiate a generally higher level of property values in the
Black Hills material.
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Values of fiber stress at proportional limit in compression perpendicular to
grain are substantially lower than the previous average for the species for
both the green and dry wood. As indicated earlier, there is little doubt that
differences in test methods account for these large variations. For example,
a recent reevaluation of Douglas-fir propertie’si disclosed that shipments
tested under modern methods averaged about 30 percent lower than those
tested in earlier years. The current ponderosa pine tests show about the
same reduction in relation to the previous species average.

The relatively high values obtained for impact bending from this shipment
indicate that its shock resistance is high as compared with that of other ship-
ments of ponderosa pine. Further evidence of shock resistance is afforded
by the toughness data (table 5). In common with most softwood species, the
tangential toughness(obtained when a specimen is loaded on a tangential face)
is higher than the radial toughness{when the load is applied on a radial face):
No direct comparison with ponderosa pine from the other areas can be made.

Direct comparisons with other species are also limited by the fact that rela-
tively few toughness tests have been made on specimens of the present stand-
ard 0.79 by 0.79 inch cross-sectional size. Tests of shortleaf pine from
Alabama and Virginia and loblolly pine from Arkansas yielded toughness values
in the neighborhood of 310 to 320 inch-pounds for radial specimens and 440 to
455 inch-pounds for tangential specimens. The average specific gravity of the
wood tested varied from about 0.46 to 0.49. While the difference in toughness
of ponderosa pine and these southern pines seems quite large, it is known that
specific gravity strongly affects toughness, and the averages obtained for
Black Hills ponderosa pine are actually somewhat higher than might be an-
ticipated for material having a specific gravity so much lower than that of the
southern pine.

Average values for the resistance to nail withdrawal for the Black Hills ship-
ment, as presented in table 6, are for withdrawal of sevenpenny plain sinker
nails. Comparative values for that type of nail and for sevenpenny cement-
coated nails are also listed for ponderosa pine in the shipment from California.
Extensive tests of other species have indicated that differences in moisture
content at the 7 to 12 percent moisture level have little effect on resistance to
immediate withdrawal of plain nails; however, cement-coated nails are much
higher in immediate withdrawal resistance than plain nails, as may be seen
from the comparative data for the California shipment where both types of

5
~Drow, John T. Relationship of Locality and Rate of Growth to Density and

Strength of Douglas-fir. Forest Products Laboratory Rept. No. 2078. 1957.
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nails were tested on the same specimens. Other types of nails and other test
conditions will, of course, affect nail-withdrawal loads. The data from cur-
rent tests are not readily comparable with those for other species, but the re-
sults will be useful in making comparisons in future tests conducted under
current standard practices.

Average values from three sections of the tree trunk in addition to the stand-
ard 8- to 16-foot height (c-d bolts) are listed in tables 1 and 2 for tree No. 8.
These represent the 0- to 8-foot height (a-b bolts), the 24- to 32-foot height
(g-h bolts), and the 40- to 48-foot height (k-1 bolts). The data in tables 1 and
2 show that the 8-foot length next to the stump had a substantially higher
specific gravity than the c-d bolts, and tended to have somewhat higher property
values. Conversely, the g-h and k-1 bolts had lower specific gravity and gen-
erally lower property values than the c-d standard. These relations are in
agreement with other shipments and species; specific gravity and property
levels generally decline with increased height in the tree. However, pub-
lished data on averages for the species represent only the c-d bolt or near-
est equivalent; hence, standard comparisons among or within species must be
made for c-d bolts only, and the additional data from other parts of a typical
tree serve only as supplementary information.

The Forest Products Laboratory has the responsibility for recommending
suitable basic stresses for the clear wood of important structural species,
including ponderosa pine. Such basic stresses are derived primarily from
average species properties in the green condition, together with suitable
allowances for variability, duration of load, loading conditions, a factor of
safety, and engineering judgment.

Actual working stresses for various structural grades of any species are
derived from basic stresses that represent clear wood; a suitable grade ratio
is applied to reflect the extent to which strength-reducing characteristics,
such as knots, shake, checks, slope of grain, and the like, are permitted in
specified grades.

Conclusions

The data included in this report clearly show that the strength properties of
ponderosa pine from the Black Hills approach the best values previously ob-
tained from clear wood of the species, and are generally higher than pub-
lished average values that are intended to represent the species. In view of
these findings, the basic stresses published for ponderosa pine as a whole

Rept. No. 2090 -7-




can also be considered fully applicable to ponderosa pine grown in the Black
Hills. Working stresses for specified grades of ponderosa pine lumber can
also be considered applicable to Black Hills material that meets such grade
requirements, as grade ratios are independent of species or locality.

_8- 1. -19
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Table 2.--Strength and related properties of green and kiln dried ponderosa pine
from Pennington County, S. D. ' '

[ . .
D ®

Tree : Bolt : Compression parallel : Com~ : Hardness; : Shear : Cleav~: Tension

No. ¢ No. : to grain :pression : load re- :parallel: age; : perpen-
: j=mmmecmeemememeemceenee-=a! perpen~ ! Quired to :to grainjiload to: dicular
g :Stress :Modulus:Maximum : dicular : embed & :maximm : ceuse tto grain;
H : at : of :crushing:to grain;: O.4lhl-inch :shearing: split-: maximum
3 :propor-: elas- :strength: stress :ball to 1/2 :strength: ting : tensile
: ttional : ticity: t at pro- :its dlameter: H tstrength
: ¢ limit H tportional:=—=-cmmmooem H : :
B 3 H 2 ¢ 1limit : End : Side : 8 :
1)@ : (3) + (&) : (5 : (6) (7 :(8) : (9 : (10 : (1)
; ; P.g.i.: 1,000 : P.s.i. : P,s,1. : Lb. : Lb. ; P.s.d, ;Lb. Eg;; P.s.1.
: : : P.B.L.: : S :in. of :
3 F H H : width :
GEEEN
i c-d : 1,710 : 1,404k : 2,600 : o2Th 36k : 356 1 T27T : 16h  iaaaweees
2 c-d ¢ 1,580 1,293 2,620 2 221 ¢ 317 : 329 : 808 : 189 : 362
3 c-d : 1,760 : 1,560 : 2,930 : 272 : 362 : 357 : 818 : 186 : 360
4 c-d ¢ 1,460 : 1,148 : 2,440 : 231 : 362 : 353 : ek 1 166 : 351
5 c-d ; 1,450 : 1,343 ; 2,460 ; 236 ; 340 ; 343 : T34 ; 164 ; 340
6 : c-d : 1,690 : 1,369 : 2,830 : 257 :3h7 ¢ 359 : 816 : 165 : 352
T ¢ c=d : 1,570 : 1,299 : 2,640 : 312 : 350 : 346 : T8 : 176 : 358
8 : c-d : 1,560 : 1,345 : 2,580 : oh6 : 313 : 330 : 7535 : 166 : 352
: : ] A q H g ] : :
Average t 1,600 & 1,345 : 2,640 : 256 1 34k : B4y ¢ 77O : 172 i 353

8 : a-b ; 1,580;1,219; 2,5202 24k 1 337 : 322.: 732 4 176 : 385
8 : g~h : 1,180 : 1,288 : 2,310 : 207 : 316 : 306 : 698 : 163 : 327

8 : x-1:1,630 : 1,166 : 2,260 : 228 : 298 : 302 : 660 : 149 : 318
KILN DRIED

1 ¢ c~d ! 3,800 1,649 ¢ 5,900 : b9l : 665 : 560 ¢ 975 ieaweans: 389

2 : c-d ¢ 3,570 : 1,533 : 5,600 : 523 : 619 : 490 : 1,044k :....... 370

3 c-d * 4,060 : 1,766 : 6,200 : 531 : 717 : 582 : 1,039 : 259 : 550

b c-d : 3,380 : 1,393 : 5,180 : hos : 586 : L60 : 1,052 : 258 : L62

c-d 4,130 : 1,577 : 5,410 : 566 . 6hh 1 LU : 1,130 : 205 : LG8

5 ¢
6 ¢ c-d : 4,020 : 1,558 : 5,840 : 26 1586 1 493 @ 971 ti.ivisairarrares
7 ¢t c-d : 3,620 : 1,405 : 5,480 : W8 ¢+ 577+ k90 : 1,09% : 239 : L5k
8 ¢t c-d: 3,970 : 1,566 : 5,580 : 4l 2 644 475 0 992 ¢ 2kh ¢ 481
: : : : : : : : : g

Average : 3,830 : 1,556 : 5,650 : hgo : 630 : 500 : 1,034 : 248 : b7t
Average : : 3 : B 3 : : :

adjusted  : 3,700 : 1,547 : 5,480 : 48k : 618 : Lok : 1,017 : 2uh : 471

8 : a-b: 3,350 : 1,430 1 5,570 : U458 : 639 : 560 : 1,158 : 248 : 416
8 : g-h : 3,450 : 1,554 : 5,380 : Lo6 :596 : 428 : 852 : 2hk2 : 397
8 : k-1:3,070 : 1,k75 : 5,340 : 380 :5%3 : 418 ¢ 91T f..i....r 352
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Table 4.--Comparison of strength and related properties of ponderosa pine from various
arecas and revised averages for the species (all c-d bolts)

Locality of :Moisture: Compression parallel : Com- B
growth scontent : to grain ° :pression : load re- :parallel
! e —————— ~: perpen~ : quired to :to grainj;

Hardness; : Shear

:
: Cleav-: Tension
age} : perpen-

load to: dicular

:
H

:propor-: elas- :strength: stress :ball to 1/2 :strength : ting : tensile
H
:

5 :Stress :Modulus:Maximum : dicular : embed a : maximum : cause :to grain;

¢ at : of :crushing:to grainj;: O.4hl-inch :shearing : split-: maximum
g stional : ticity: : at pro- :its diameter: :8trength
: ¢ limit 3 iportional tmmmmnmm memum :

: : limit : End : Side :

tPercent P.s.i.: 1,000 : P.s.1. : P.g8.1. : Ib. : Lb. P.s.i. :lb. per: P.s.i.
H 5 N o1 2% O f 5 z s 1in. of :
g : g : 1 g : width
Pennington Co.,: 127.h : 1,600 : 1,345 : 2,640 : 256 : 34k : 347 : 770 : 172 i 353
S. D. : L12.0 : 3,700 : 1,547 : 5,480 : 4B : 618 : hoh : 1,007 : 2k : k71
Douglas Co., : _92.7 : 2,240 : 1,174 : 2,600 : 410 : 315 ¢ 331 i T06 i 153 feeeesnes
Colo. : 112.0 : 4,700 : 1,258 : 5,510 : 778 : 675 : b7h : 1,078 : 210 f.u.....
Stevens Co., & 3746 turereeaionnrrnst 2,770+ 899 st e e
Wash. : 12,0 tiiiiiiitiiit 6,030 5 THT tereiiea i, Terennnn e
Coconino Co., : 98.5 . 1,870 : 1,046 : 2,200 . k2 1310 : 314 . 662 : 166 : 301
Ariz. i =12.0 : 3,740 : 1,219 : 5,080 : 790 : 539 : k06 : 1,315 : 2kh : kol
Medera Co.,  : 125.3 : 2,130 : 1,271 : 2,420 : 326 : 316 : 31k : 696 : 17h : o2kl
Calif. : 112.0 : 4,400 : 1,489 : 5,620 : 682 :508 : 468 : 1,103 : 216 : 398
Missoula Co., : 119.% : 2,050 : 1,061 : 2,570 : 315 : 208 : 322 :+ 674 : 176 : 302
Mont. : L112.0 : 3,650 : 1,557 : 5,140 : 618  ; L8k : k37 . 955 : 190 : 358
S1erTe Co.,  t 754 feseeseniesi...: 2,060 i kpf 1258 . 286 : 682 : 168 : 310
Calif. : Li12.0 :..... redarassse: 4,350 @0 B00 @ s6h : 450 @ 1,340 i 224 @ 451
Adjusted : : : : : : : ; : :
specles g 3 8 B S ] 3 : g :
average 0 .98.h ;1,940 : 1,197 : 2,450 : 335 : 310 : 321 ; 704 168 : 306
(weighted)= : 1i2.0 : : hesz

: 4,000 1 1,428 : 5,320 : 687 :569 : 458 : 1,130 : 224

. . .
. . -

L
~Adjusted to 12 percent moisture content.

2
“Weighted species averages include limited tests of shipment from Stevens County, Wash.
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Table 5.--The results of toughness tests on pondeross pine from Pennington

County, 5. D. Specimens 0.79- by 0. 79- by 1l-inches, Tested
on a 9. 47 inch span.

Tree : Bolt : Loaded on radial face : Loaded on tengential face
No. : 3
1 :
2 R
3 :
y
5 2
6
T H
8

Average
8
8
8
1 :
2 :
3 s
oo
5 g
6
T g
8

Average
8
8 .
8

No.

tNumber :Molsture :Specific: Toughness— Number'Moisture Specific Toughneas2

: of :content gravityl

13
.

.+ of :content .grav1ty_:

i tests: : tepts:

"""""" tPorcemt t i Imeclb. i ibercemb f ¢ In.ibs
GREEN

C=d tiirinalanaava s6RoDoatDo L lrananavana: 1 : 148.1 : 0.397 : 29%.9
C=d fsanrsafa. OoooopBogpmoooniconnnannpadanodcodacdcanon i N T Y T L
c-d ¢ 2 ¢ 116.7 : 0.402 : 2344k : 2 : 118.6 L1k o 301.1
e-d : 5 ! 155.6 : 376 : 179.1 : 5 : 146.3 : .38k : 253.4

H H : H H t :
c-d : 12 : 132.4h : ,366 : 144.9 : 11 : 141.9 : .366 : 196.3
c-d ¢ 9 45.6 ¢ 375 ¢ 232.9 : 9 : 16k 376 @ 286.3
c-d : 1 169.3 : 368 : 167.6 : 2 : 158.6 375+ 267.8
c-d : 10 139.0 ¢+ 378 ¢ 187.7 : 9 ¢ 1W6.2 v L37h : 257.0

39 : 143.1 ; 378 ; 191.1 : 39 ; 3.7 ¢ 38k 265.3
a-b ; 9 : 147.2 ; .383 : 249.0 9 ; 151.6 38k 1 292.1
g-h : 3 .9 : 379 : 166.3 : 3 147.3 .365 240.6
k=]l fruvnaniacanas e B oaod L d dpprAsarEETEIF IR IR TR LR
KIIN DRIED

c-d : 3 : 10.8: O.l25 : 143.9 : 2 ¢ 10.8 0.k42 : 201.k
c=.d t 3 : 10,5 : 418 : 112.9 : 3 : 11.0 : 436 : 152.7
c.d : 5 : 10,6 : 448 : 174.8 : 3 : 10.h : 45k 251.6
c-d : 5 : 11.0 : hihk : 142,11 : 7 : 10.9 : 406 : 156.7
c~d ; 10 : 11,1 ; A19 ; 138.1 ; 10 ; 11.0 ; A19 ¢ 178.5
c.d : 8 : 11.2: 423 : 1588 : 5 : 11.5: k28 : 222.1
c-d : T 10.9 ¢ 435 :  140.0 7 : 11,3 ¢ 433 0 177.h4
c-d : 10 1.2 ¢  JM11: 160.1 : 10 : 11.2 : h12: 218.0

; 51 10.9 ; L2k ; 146.3 ; by : 11.0 : Jdi2g ; 194 .8
a-b ; 8 11.1 ; 43k ; 190.1 ; 6 11.3 @ 432 3 246.6
g-h : 2 : 11.0: .39% : 128.0 : 3 10.6 Loh o 172.7
k-1 : 1 : 11.3 : .382 : 140.8 : 1 10.h 392 ¢ 199.8

T :
~Specific gravity based on volume at test and welght when ovendry.

gTota.l toughness -- inch-pounds per specimen.

Rept. No. 2090




*unTwIgousd youy

-4{/T-T ® 03 UeATJp Sureq Jo3Je ATS3BTPOWN] STTBU PI3BOO-JUSWSD fuusdusass sioweI o3 pelinbsl spunod ur @woqm

*goad] § posuseaxdaa TBTIONIBW 3851

¢
(*uMBIPUITA ST TTBU T2TUM WOIT 8808BF Of% JI930I TeIusSuwq pum ‘TeIpEX fpu¥) -uoTimIjausd

aoﬁ.&\ﬂrﬁ 8 09 UOATJIp Bureq L5978 LT91BTPIWN] BSTTVU JISYUTS Luusdussss ssowasI of paxfnbal spuned ur .o,mcqm

«£IpUaAO USYM UBTISA PUB 3893 3B SUMTOA UO poseg L3TAa8ad oﬂ.ﬁommmﬂ

. .
» - 3

(13
2w

TR T
es ss ow

gen G fomplot T BB ren I
._.&M : mmM :mM P TIq c : : : 5 : 5 : ! ]
7" 8TTV0 ‘ZINNOD VIATYH
86 tg6 29 gLt oegTIr 2 ¢+ g6 D OTT 96 : 06¢* 66T € P T-X : Qg
10T 1g6 1G9 gt TI'TTI O ¢ ¢ 20T DHOT G ot €9gr T 0°GET ¢ o¢ ru-d g
HTT DHIT el et +oeTT ¢ v gel : 6TT TG :gge” : f°ler ¢ & 9= @
¢TT PTIT T ol " w2%r ¢+ 9TT ¢ O * 62T el ¢+ G9 :oeget ¢ Lt6TT ¢ TE ¢ eBBIoAY
¢ot 0T :TL P 9T : O'TL * 9 = &CT 92T L9 :f99¢c :GeHT 9 fpP=2 : @
LoT 166 tgl o rTE¢R ¢ RTIT O G ¢ 04T :#€T 29 oofT :G'9T & :pmo i L
901 P goT oL TLTH : GTT 9 ¢ &I D OTT ¢ %S¢ = OTH" ¢ €TOT ¢ % ¢ p=0 : 9
80T P QLT S AL 4wt ot O9TT Y L el 08T 29 +ogler 1 6°60T & P0G
¢oT 12 99 :Jogt +o@TIT O G o OTT 20T : ¢L ¢ o49€T 1 QTOT : 2 pP-0 ! g
et PCCT t9g et o2 G ¢ eNT ToNT :TL ot L6gr ot LeHTT G PO 1 ¢
g2l P03T Ly GHRT o @IT ot 9¢T P TST €9 : G9¢t0 T TUTHT ¢ w4 ¢ P=0 : 2
.JN.H ! MHH umM._ uN.H.J-O 0 N.-HH g N RN N AR R O H @lU . H
(STITE JXOVI9) °d S ‘ZINNCC NOIONINNED
“qT t QT : “qI ¢ : queogad: :  *q1 : gl : qT: : jusoxsd: : : -
Hdﬂpnmwudam.ndﬁudmm pugd mmoomawad.ﬁpqowndam.mdﬂvmmm puH moom.ﬁmm ; mu._/
|!..|..||...|il.i!.-|-|.:..]:"ﬂhv..nbmhmu qUOQUOD: JO ———rsmm—mm—m———————e—e lﬂhp..ﬂcmhw" quequos: Jo ;
PeoT TBABIPUITA-TTBN :OTJIT0oodg: eanigTON: IoqUMN: . DPBOT TBMBIDULITA-TTIRY :oTITo0dg: 8ImisTOR: I9qUILN: m
T 2 B e B L B e e e e e e et e e e e s e D ‘O D TON i
POTJIDP UTTH s pPEERE) : 9TO0d : e9x] B
. . . L2
: g ¢ ae]

SUTd BSOJSpUOd UO 53593 TBMBIPUITM-TT®U JO SJINSSI OUL~--'Q STqBL




--Typical stand of ponderosa pine in Pennington County, S. D.,

showing tree No. 8 before it was cut.

Figure 1.

Z M 108 840




Figure 2. --Ponderosa pine trees, numbered 3, 5, 6, and 8 in this in-
vestigation, came from this site in the Black Hills.
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Figure 3. --Cross sectional view of a representative ponderosa pine tree
from Pennington County,” S. D. (tree No. 3 at the 12-foot height).
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